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SOUTHERN CALIFORNIA Thomas 1. Palmisano

J Ei" DISO Vice President & Chief Nuclear Officer

An EDISON INTERNATION.4L® Company 10 CFR 50.82(a)(4)(i)

September 23, 2014

U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington D.C. 20555-0001

Subject: Docket Nos. 50-361 and 50-362,
San Onofre Nuclear Generating Station, Units 2 and 3
Post-Shutdown Decommissioning Activities Report

Reference Letter from P.T. Dietrich (SCE) to the U.S. Nuclear Regulatory Commission
dated June 12, 2013; Subject: Certification of Permanent Cessation of Power
Operations, San Onofre Nuclear Generating Station, Units 2 and 3

Dear Sir or Madam:

On June 12, 2013, in accordance with 10 CFR 50.82(a)(1)(i), Southern California Edison (SCE)
submitted the referenced letter to the U.S. Nuclear Regulatory Commission (NRC) certifying the
permanent cessation of operations at San Onofre Nuclear Generating Station (SONGS), Units 2
and 3. In accordance with 10 CFR 50.54(bb) and 10 CFR 50.82(a)(4)(i), SCE is required to
submit an Irradiated Fuel Management Plan (IFMP), Site Specific Decommissioning Cost
Estimate (DCE) and Post-Shutdown Decommissioning Activities Report (PSDAR) within two
years of permanent cessation of operations.

The SONGS, Units 2 and 3 PSDAR is attached. The SONGS, Units 2 and 3 IFMP and DCE are
being concurrently submitted under separate cover letters. The descriptions of
decommissioning activities and phases in the PSDAR are consistent with those described in the
DCE. Both the PSDAR and DCE represent SCE's current plans and are subject to change as
the project progresses.

Changes to significant details will be included in subsequent revisions to the PSDAR as
required by 10 CFR 50.54(bb). Financial assurance information will be provided on an annual
basis as required by 10 CFR 50.75(f)(1).

This letter does not contain any new commitments.

If there are any questions or if additional information is needed, please contact me or
Ms. Andrea Sterdis at (949) 368-9985.

Sincerely,

P.O. Box 128
San Clemente, CA 92672
(949) 368-6575 PAX 86575
Fax: (949) 368-6183
Tom.Palmisano@sce.com
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Enclosure: San Onofre Nuclear Generating Station Units 2 and 3 Post-Shutdown
Decommissioning Activities Report

cc: M. L. Dapas, Regional Administrator, NRC Region IV
T. J. Wengert, NRC Project Manager, San Onofre Units 2 and 3 Decommissioning
R. E. Lantz, NRC Region IV, San Onofre Units 2 and 3
G. G. Warnick, NRC Senior Resident Inspector, San Onofre Units 2 and 3
S. Y. Hsu, California Department of Health Services, Radiologic Health Branch

2
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I. INTRODUCTION AND SUMMARY

A. Introduction

1. Historical Perspectives

San Onofre Nuclear Generating Station (SONGS) Units.2 and 3 have been owned by four entities. Two
are municipalities (Riverside and Anaheim) and two are investor owned utilities: San Diego Gas &
Electric (SDG&E) and Southern California Edison (SCE, the Owner-Operator and agent for the
participants). The relative obligation for operation and decommissioning varies by unit and entity. The
term "SONGS Participants" is used in this report to represent the four entities that have continuing

decommissioning obligations.

SONGS Unit 1 was shut down in 1992 with on-shore facilities largely dismantled by 2009 and off-shore
conduits being fully dispositioned this year (2014). The decision has been made to shut down and

decommission Units 2 and 3. Since the decision to shut down SONGS Units 2 and 3, the focus of SONGS
staff and other personnel has been to plan and begin execution of the necessary steps to achieve timely,
cost-effective, and safe decommissioning and restoration of the SONGS site.

In developing its plans, SONGS has benchmarked the experiences of commercial decommissioning
projects in the 1990s and 2000s and has sought the input from experienced individuals and groups with

a wide range of such experience. SONGS maintains close communications with those facilities currently
undergoing decommissioning and with many of the organizations supporting those efforts. In particular,
both the Zion and Humboldt Bay plants are currently undergoing active decommissioning. Three others
(Kewaunee, Crystal River 3, and Vermont Yankee) are, or soon will be, entering SAFSTOR conditions of
varying durations prior to dismantlement.

Earlier decommissioning projects faced a number of first-time technical challenges, such as cutting

reactor vessel (RV) internals in a high radiation environment. SONGS' reviews indicate that many of the
technical challenges confronting SONGS decommissioning now have mature solutions. Similarly, our
predecessors provide a wealth of knowledge to minimize worker radiation exposure, efficiently plan,
and sequence a decommissioning project and safely manage and transport waste.

The SONGS Participants have the responsibility to restore the site in accordance with applicable
regulations and agreements. The SONGS Participants have a responsibility to their stakeholders and the
communities they serve to do so in a transparent and effective manner while striving to attain high
standards of safety and environmental protection. Further, the SONGS Participants will have a limited, if
any, role in the future use of the site. The ultimate use for the site is for the land-owner (U.S. Navy) to
determine with input from the community at large.

2. Community Engagement

A key lesson-learned in our review of other decommissioning projects is the continued importance of

community engagement during the decommissioning process. The SONGS Participants are committed
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to engaging the local community and its leaders in an open, transparent, and proactive manner. SONGS
is actively engaged with external stakeholders to: understand their priorities; inform them of SONGS

plans; and, to seek their input on the safe, timely, and cost-effective decommissioning of SONGS.

The SONGS Participants are actively engaging with the community through public outreach including

briefings for community groups and routine educational updates for local, state, and federal officials.
The SONGS participants have formed the Community Engagement Panel (CEP) with members

representing a broad range of stakeholders to advise SONGS on decommissioning matters. The panel
meets at least quarterly to facilitate dialogue and includes several representatives of government,

members from academia, labor, business, environmental organization, and a local anti-nuclear leader.
Members of the CEP were provided with the opportunity to review and provide input on this document

as well as the Decommissioning Cost Estimate (DCE) and the Irradiated Fuel Management Plan (IFMP).
As a precursor to review of these submittals, SONGS hosted two workshops with external technical

experts to provide the CEP members with a depth of knowledge in these areas. Feedback from the

panel was addressed prior to finalization and SCE senior management authorization of the submittals.

SONGS also has established a website, www.SONGScommunity.com, as a dedicated online source for
information on the plant and the decommissioning process. The website includes background
information on decommissioning, links to other websites including the NRC, and an "opt-in" feature that

allows members of the community to register for automatic updates on decommissioning matters.

3. Regulatory Basis

In accordance with the requirements of 10 CFR 50.82, "Termination of License," paragraph (a)(4)(i), this

report constitutes the Post-Shutdown Decommissioning Activities Report (PSDAR) for SONGS Units 2

and 3. The PSDAR contains the following:

1. A description of the planned decommissioning activities along with a schedule for their
accomplishment.

2. A site-specific DCE including the projected cost of managing irradiated fuel and site

restoration (being submitted concurrently).

3. A discussion that provides the basis for concluding that the environmental impacts

associated with the site-specific decommissioning activities will be bounded by the
appropriate previously issued generic and plant specific environmental impact statements.

The PSDAR has been developed consistent with NRC Regulatory Guide 1.185, Revision 1, "Standard

Format and Content for Post-Shutdown Decommissioning Activities Report." This report is based on
currently available information; however, the plans discussed may be modified as additional information

becomes available or as circumstances change. As required by 10 CFR 50.82(a)(7), SCE will notify the

Nuclear Regulatory Commission (NRC) in writing before performing any decommissioning activity
inconsistent with, or making any significant schedule change from, those actions and schedules

described in the PSDAR, including changes that significantly increase the decommissioning cost.
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The IFMP and DCE are being submitted concurrently with the PSDAR. The technical, schedule, and cost
information provided is consistent among these submittals.

B. Background

The SONGS site is located on the coast of southern California in San Diego County, approximately 62

miles southeast of Los Angeles and 51 miles northwest of San Diego. The site is located entirely within
the boundaries of the United States Marine Corps Base Camp Pendleton. The site is approximately
4,500 feet long and 800 feet wide, comprising 84 acres. The site does not include office buildings and

related facilities located east of Interstate 5 (1-5) referred to as "the Mesa" or other adjacent parcels.

The property on which the station is built is subject to an easement from the United States Government

through the U. S. Navy. The nearest privately owned land is approximately 2.5 miles from the site.

SONGS Units 2 and 3 is a two-unit site with supporting facilities. The reactors were previously licensed
to produce 3,438 MWt each. An on-site Independent Spent Fuel Storage Installation (ISFSI) used to

store SONGS Units 1, 2 and 3 fuel, located on the portion of the site previously occupied by SONGS Unit
1. Storage at the ISFSI was initiated in 2003 and the pad was subsequently (2007) expanded to support
the currently placed 63 Horizontal Storage Modules in which 51 Dry Storage Containers (DSCs) have
been installed to-date: 50 containing irradiated fuel and one (1) containing Greater-Than-Class-C (GTCC)
materials. The most recent loading campaign was conducted in 2012. As discussed in the Spent Fuel
Management Period details and the concurrently submitted IFMP, it will be necessary to further expand

the current ISFSI capacity to store the complete inventory of Units 2 and 3 spent fuel. The location,
capacity, and technology to be employed have not yet been finalized.

A brief history of the major milestones related to plant construction and operation is as follows:

UNIT 2 UNIT 3
* Construction Permit Issued October 18, 1973 October 18, 1973
* Operating License Issued February 16, 1982 November 15, 1982
* Full Power Operation June 15, 1983 November 18, 1983
* Final Reactor Operation January 9, 2012 January 31, 2012

On June 7, 2013, SCE announced its decision to permanently cease power operations and decommission
SONGS Units 2 and 3. By letter dated June 12, 2013 (Reference 3), SCE notified the NRC of its decision to

permanently cease power operations. SCE has submitted two letters dated July 22, 2013 (Reference 5)
and June 28, 2013 (Reference 4) certifying that fuel has been removed from the Unit 2 and 3 reactors,
respectively.

Pursuant to 10 CFR 50.51(b), "Continuation of License," the license for a facility that has permanently

ceased operations, continues in effect beyond the expiration date to authorize ownership and
possession of the facility until the NRC notifies the licensee in writing that the license has been

Page 6 of 34 Original Issue
Revision 0

SCE-SER 000008

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-1, Page 12 of 291
(12 of 2110)

hibbd
Highlight
The SONGS site is located on the coast of southern California in San Diego County, approximately 62

miles southeast of Los Angeles and 51 miles northwest of San Diego. The site is located entirely within

the boundaries of the United States Marine Corps Base Camp Pendleton. The site is approximately

4,500 feet long and 800 feet wide, comprising 84 acres. The site does not include office buildings and

related facilities located east of Interstate 5 (1-5) referred to as "the Mesa" or other adjacent parcels.

The property on which the station is built is subject to an easement from the United States Government

through the U. S. Navy. The nearest privately owned land is approximately 2.5 miles from the site.

SONGS Units 2 and 3 is a two-unit site with supporting facilities. The reactors were previously licensed

to produce 3,438 MWt each. An on-site Independent Spent Fuel Storage Installation (ISFSI) used to

store SONGS Units 1, 2 and 3 fuel, located on the portion of the site previously occupied by SONGS Unit

1. Storage at the ISFSI was initiated in 2003 and the pad was subsequently (2007) expanded to support

the currently placed 63 Horizontal Storage Modules in which 51 Dry Storage Containers (DSCs) have

been installed to-date: 50 containing irradiated fuel and one (1) containing Greater-Than-Class-C (GTCC)

materials. The most recent loading campaign was conducted in 2012. As discussed in the Spent Fuel

Management Period details and the concurrently submitted IFMP, it will be necessary to further expand

the current ISFSI capacity to store the complete inventory of Units 2 and 3 spent fuel. The location,

capacity, and technology to be employed have not yet been finalized.





San Onofre Nuclear Generating Station Units 2 and 3

Post-Shutdown Decommissioning Activities Report

terminated. During the period that the license remains in effect, 10 CFR 50.51 (b) requires the licensee
to:

(1) Take actions necessary to decommission and decontaminate the facility and continue to maintain the
facility, including, where applicable, the storage, control and maintenance of the spent fuel, in a safe

condition, and

(2) Conduct activities in accordance with all other restrictions applicable to the facility in accordance
with the NRC regulations and the provisions of the specific 10 CFR part 50 licenses for the facility.

C. Summary of Decommissioning Alternatives

The NRC has evaluated the environmental impacts of three general methods for decommissioning

power reactor facilities in NUREG-0586, "Final Generic Environmental Impact Statement (GELS) on

Decommissioning Nuclear Facilities," Supplement 1 (Reference 6). The three general methods are:

" DECON: The equipment, structures, and portions of the facility and site that contain radioactive

contaminants are promptly removed or decontaminated to a level that permits termination of
the license after cessation of operations.

* SAFSTOR: The facility is placed in a safe stable condition and maintained in that state (safe
storage) until it is subsequently decontaminated and dismantled to levels that permit license

termination. During SAFSTOR, a facility is left intact or may be partially dismantled, but the fuel
has been removed from the reactor vessel and radioactive liquids have been drained from

systems and components and then processed. Radioactive decay occurs during the SAFSTOR
period, thus reducing the levels of radioactivity in and on the material and potentially the

quantity of radioactive material that must be disposed of during the decontamination and

dismantlement.
" ENTOMB: Radioactive structures, systems, and components are encased in a structurally long-

lived substance such as concrete. The entombed structure is appropriately maintained and

continued surveillance is carried out until the radioactivity decays to a level that permits

termination of the license.

The SONGS Participants have chosen the DECON method. SONGS is currently in the planning period
during which the site is preparing for safe and orderly transition to dismantlement. More specifically:

* Permanent cessation of operations was announced on June 7, 2013.

* DECON methodology was selected (prompt decontamination and dismantlement after initial

planning period).

* Additional ISFSI capacity will be added to meet all of the site's needs.

* Initial site characterization activities are underway.

* Plans to isolate the Spent Fuel Pools (referred to as "islanding") are in development.

* Other necessary actions to facilitate safe system retirement and removal (referred to as "cold and

dark") are in development.
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When the required regulatory reviews, planning, and preparation are sufficiently complete, the site will
move into active decontamination and dismantlement. Current plans are for that period to overlap

with completion of the relocation of spent fuel from the Spent Fuel Pools to the ISFSI.

The SONGS facility will be decontaminated and dismantled (D&D) to levels that permit termination of

the NRC licenses and in accordance with the requirements agreed to by the United States Navy in the
easement for the site. In support of this and in accordance with 10 CFR 50.82(a)(9), a License
Termination Plan will be developed and submitted for NRC approval at least two years prior to

termination of the license.

The decommissioning approach for SONGS is described in more detail in the following sections:

* Section II summarizes the planned decommissioning activities and general timing of their

implementation.
" Section III summarizes the cost estimating methodology employed by EnergySolutions and

references the site specific DCE being submitted concurrently.

* Section IV describes the basis for concluding that the environmental impacts associated with

decommissioning SONGS Units 2 and 3 are bounded by the most recent site-specific

environmental impact statement and NRC GElS related to decommissioning.

II. DESCRIPTION OF PLANNED DECOMMISSIONING ACTIVITIES

The SONGS Units 2 and 3 decommissioning project is currently in the planning period transitioning to
DECON as soon as necessary planning, approvals, and conditions permit doing so in a safe and cost-

effective manner. DECON is defined in Section L.C of this report.

Table I1-1 provides a summary of the current decommissioning plan and schedule for SONGS Units 2 and
3. The major decommissioning periods and general sequencing of the activities that will occur during

each period identified in Table I1-1 are discussed in more detail in the sections that follow. The periods

are logical groupings of activities. The categories are also consistent with the Nuclear Decommissioning
Trust (NDT) funds which are allocated based on specific regulatory requirements. The activities

executed during these periods will, in many cases progress in parallel, and may not be as completely

segregated as the description implies. For instance, while distinct decontamination and dismantlement
activities are listed, it may be determined to be more effective from dose, labor, or waste disposal

perspectives to dismantle structures and systems and dispose of them as radioactive waste rather than

decontaminate them and dispose of the balance as non-radioactive waste.

The planning required for each decommissioning activity, including the selection of the process to
perform the work, will be performed in accordance with appropriate governance and oversight

processes. Based on current plans, no decommissioning activities unique to the site have been

identified and no activities or environmental impacts outside the bounds considered in the GElS have

been identified. Appropriate radiological and environmental programs will be maintained throughout
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the decommissioning process to ensure radiological safety of the workforce and the public and

environmental compliance is maintained.

Table I1-1
San Onofre Nuclear Generating Station Units 2 and 3

Current Schedule of Decommissioning Periods

Task Name Start Finish
Part 50 License Termination (other than ISFSI)
Announcement of Cessation of Operations 06/07/2013 N/A

Decon Period 1 -Transition to Decommissioning 06/07/2013 12/31/2013

Decon Period 2 - Decommissioning Planning and Site Modifications 01/01/2014 06/30/2015
Decon Period 3 - Decommissioning Preps/Reactor Internals Segmentation 06/30/2015 06/01/2019

Decon Period 4 - Plant Systems and Large Component Removal 06/01/2019 09/24/2022
Decon Period 5 - Building Decontamination 09/24/2022 07/13/2024
Decon Period 6 - License Termination During Demolition 07/13/2024 12/24/2032

Spent Fuel Management
SNF Period 1 - Spent Fuel Management Transition 06/07/2013 12/31/2013
SNF Period 2 - Spent Fuel Transfer to Dry Storage 01/01/2014 06/01/2019
SNF Period 3 - Dry Storage During Decommissioning - Units 1, 2 & 3 06/01/2019 12/05/2031

SNF Period 4 - Dry Storage Only - Units 1, 2 & 3 12/05/2031 12/31/2035
SNF Period 5 - Dry Storage Only - Units 2 & 3 12/31/2035 12/31/2049
SNF D&D Period 1 - ISFSI Part 50 License Termination 12/31/2049 05/06/2050
SNF D&D Period 2 - ISFSI Demolition 05/06/2050 09/08/2051

Site Restoration
SR Period 1 - Transition to Site Restoration 06/07/2013 06/30/2015
SR Period 2 - Building Demolition During Decommissioning 06/30/2015 07/11/2017

SR Period 3 - Subsurface Demolition Engineering and Permitting 10/01/2019 07/13/2024
SR Period 4 - Building Demolition to 3 Feet Below Grade 07/13/2024 10/14/2028

SR Period 5 - Subgrade Structure Removal Below -3 Feet 10/14/2028 12/5/2031

SR Period 6 - Final Site Restoration and Easement Termination 05/06/2050 12/15/2051
Final Easement Termination 12/15/2051 N/A

Note [1]: Shipping dates are assumed based on the previously documented positions of the DOE, which

indicates that shipments from the industry could begin as early as 2024 and SONGS place in the current

queue. Both are subject to changes.

A. Detailed Breakdown of License Termination Periods

The License Termination Periods (referred to as decontamination periods) include those activities

necessary to remove or reduce the levels of radioactive contamination to levels necessary to terminate

the Part 50 licenses for the site (other than the ISFSI) and release it back to the Navy. Also included are

the development, submittal, and support for the review of the primary decommissioning documents.
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Periods 1 and 2 generally consist of planning and transition of the site to a condition where it is ready for

significant decontamination and dismantlement activities. As detailed below, these periods include:
system abandonment and isolation of the remaining structures, systems and components (SSC) from
normal power and water sources. System abandonment and isolation allow the decontamination and
dismantlement to proceed safely and in an efficient sequence. Additionally, the selection of the

contractor for managing the bulk of the decommissioning activities will be made.

Period 3 is focused on decontamination and dismantlement of the major components in the
containment building (RV internals, vessel, head, steam generators, pressurizer, and main piping).

Period 4 addresses the decontamination and dismantlement of SSCs known to be substantially
contaminated and the removal of the components from both Periods 3 and 4.

Period 5 is focused on decontamination of the various buildings. As noted elsewhere it may be more
appropriate to simply proceed with dismantlement if it is more timely and cost-effective to simply
dispose of building material as radioactive waste.

Period 6 is focused on the final site survey to confirm that the site is acceptable for release back to the
Navy. The process for doing so "Multi-Agency Radiation Survey and Site Investigation Manual"
(MARRSIM) was developed by the four federal agencies having authority over radioactive materials
(Department of Defense, Department of Energy, the Environmental Protection Agency and the NRC) and

is the consensus standard endorsed by other stakeholders. Its application will be validated by the NRC.

Decontamination Period 1 - Transition to Decommissioning

* Announcement of Cessation of Operations
* Defuel Reactors

* Notification of Permanent Fuel Removal

* Disposition of legacy Low Level Radioactive Waste (LLRW)

Decontamination Period 2 - Decommissioning Planning and Site Modifications

* Preparation of Decommissioning Related Licensing Submittals
o Permanently Defueled Technical Specifications (Submitted March 21, 2014)
o Permanently Defueled Radiological Emergency Plan (Submitted March 31, 2014)

* Submit PSDAR, DCE and IFMP to NRC

" Perform Historical Site Assessment and Site Characterization

* Planning, Design, and Implementation of Cold and Dark (Site Repowering)

* Design and Install Spent Fuel Pool Islanding, Control Room Relocation, and Security Modifications
* Select Decommissioning General Contractor (DGC)

Decontamination Period 3 - Decommissioning Preparations and Reactor Internal Segmentation
" DGC Mobilization and Planning

* System Decontamination

" Reactor Internals Removal Preparations
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" Reactor Internals Segmentation Planning and Implementation

* Purchase Dry Storage Canisters for GTCC Waste

" Segment and Package Reactor Internals for Storage in the ISFSI

Decontamination Period 4 - Plant Systems and Large Component Removal
* Upgrade Rail Spur in Owner Controlled Area

* Install Large Array Radiation Detection System to Monitor Shipments In/Out of Site
* Remove, Package, and Dispose of Non-Essential Systems
* Asbestos and Lead Abatement

* Spent Fuel Pool Closure

* Remove Spent Fuel Pool Racks, Spent Fuel Pool Island Equipment, and Bridge Crane

* Remove and Dispose of Legacy Class B and C Wastes

* Remove, Package, and Dispose of Essential Systems

* Removal and Disposal of Spent Resins, Filter Media, and Tank Sludge

" Large Component Removal

" Prepare License Termination Plan

Decontamination Period 5 - Building Decontamination

* Decontaminate Containment Buildings

" Decontaminate Turbine Buildings

* Decontaminate Fuel Handling Buildings

" Decontaminate Auxiliary Rad-waste Building

" Decontaminate Auxiliary Control Building

* Decontaminate Penetration Buildings

* Decontaminate Safety Equipment and Main Steam Isolation Valve (MSIV) Buildings

* Radiological Survey of Structures During Decontamination

Decontamination Period 6 - License Termination
" Final Status Survey
* Verification and NRC Approval

B. Detailed Breakdown of Spent Fuel Management Periods

The Spent Nuclear Fuel Management Periods began with all spent fuel off-loaded from the reactor
vessel into the Spent Fuel Pools and the certification of permanent defueling letters submitted to the

NRC in accordance with 10 CFR 50.82(a)(1)(ii) (References 4 and 5).

During Period 1 measures will be planned, designed, and implemented to ensure spent fuel storage and

handling systems will continue to function to support fuel storage in the spent fuel pool and to facilitate

transfer of the spent fuel to the ISFSI. Systems, structures, and programs needed to support the safe
storage and transfer of spent fuel such as security, fire protection, and environmental and radiological

monitoring will be maintained in accordance with applicable requirements. Equipment maintenance,

inspection, and operations will be performed on these systems and structures as appropriate.
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During Period 2 the ISFSI capacity will be expanded to accommodate transfer of all spent fuel to dry

storage. All spent fuel for Units 1, 2 and 3 will be transferred to the ISFSI and stored there until it is
accepted by the Department of Energy (DOE) and transferred to an off-site facility.

The next three periods reflect slightly different ISFSI conditions. Period 3 is concurrent with ongoing site

decontamination and dismantlement activities. Period 4 reflects the ISFSI with spent fuel from all three
units in dry storage and Period 5 recognizes the potential that Unit I fuel may be accepted by the DOE

earlier than Units 2 and 3 fuel and ends with DOE acceptance of all Units 2 and 3 fuel.

The SNF D&D Periods (1 and 2) follow DOE acceptance and may be well after License Termination for

the balance of the site.

Spent Nuclear Fuel Period 1 - Spent Fuel Transfer Management Transition
* Implementation of Initial Security Enhancements Required for Reductions in Staff

* Design and Fabricate Dry Storage Canisters for Current ISFSI Scope

Spent Nuclear Fuel Period 2 - Spent Fuel Transfer to Dry Storage
* Submit IFMP

* Select Dry Storage System Canister Design and Vendor for Balance of the ISFSI

* Design and Construct ISFSI Expansion

* Purchase, Deliver, and Load Dry Storage Canisters and Storage Models for Balance of the ISFSI

* Complete Transfer of Spent Fuel to ISFSI

Spent Nuclear Fuel Period 3 - Dry Storage during Decommissioning Units 1, 2, and 3 Fuel

Spent Nuclear Fuel Period 4 - Dry Storage Only - Units 1, 2, and 3 Fuel

Spent Nuclear Fuel Period 5 - Dry Storage Only - Units 2 and 3 Fuel

Spent Nuclear Fuel Period D&D 1 - ISFSI License Termination
0 Preparation and NRC Review of ISFSI Portion/Revision of License Termination Plan

Spent Nuclear Fuel Period D&D 2 - ISFSI Demolition

* Decontamination of Storage Modules (SFSMs)

* Final Status Survey of ISFSI

* Clean Demolition of HSM's and ISFSI Pad

* Clean Demolition of ISFSI Support Structures

* Restore ISFSI Site

* Preparation of Final Report on ISFSI Decommissioning and NRC Review

C. Detailed Breakdown of Site Restoration Periods

The Site Restoration periods reflect the planning and implementation of dismantlement activities not
associated with radioactive materials. The DCE and descriptions below conservatively include activities
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from which the SONGS Participants will plan to seek alternatives. These include the complete removal
of the intake and discharge conduits in the Pacific Ocean currently required by the California State Lands
Commission (CSLC) easement. Previously, the CSLC and SONGS developed an alternative for the SONGS
Unit 1 conduits. Another is associated with removal of all subsurface structures that may be required by
the US Navy easement. The typical practice has been to remove structures to that depth necessary to
remove contaminated materials.

Also included as part of site restoration are severance costs and cost associated with returning the Mesa

and other parcels to the U. S. Navy.

Site Restoration Period 1 -Transition to Site Restoration
* Severance Costs Associated with Staffing Reduction in Accordance with State Law
* Other off-site activities are included in the DCE but are not considered part of the Units 2 and 3

PSDAR activities

Site Restoration Period 2 -Building Demolition During Decommissioning
* Demolish South Access for Decommissioning, South Yard Facility

* Other off-site activities are included in the DCE but are not considered part of the Units 2 and 3
PSDAR activities

Site Restoration Period 3 - Subsurface Demolition Engineering and Permitting
* Hydro-geologic Investigation and Outfall Conduit Survey

* Subsurface Structure Removal Analyses for Lease Termination Activities
* Final Site Grading and Shoreline Protection Engineering Planning and Design

Site Restoration Period 4 - Building Demolition to Three Feet Below-Grade
* Demolition Preparations

* De-tension and Remove Containment Building Tendons
* Demolish Diesel Generator Buildings

" Demolish Condensate Buildings and Transformer Pads
* Demolish Full Flow Areas and Turbine Buildings

* Demolish Auxiliary Rad-waste Building

* Demolish Auxiliary Control Building
* Remove Systems and Demolish Make-up Demineralizer Structures

* Demolish Penetration Buildings

" Demolish Safety Equipment and MSIV Buildings

* Demolish Fuel Handling Buildings

* Demolish Containment Buildings

* Demolish Intake and Discharge Structures

Site Restoration Period 5 -Subgrade Structure Removal below Three Feet (if required)
* Install Sheet Piling and Excavation Shoring, Dewatering System, and Effluent Treatment and

Discharge Controls
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* Demolish and Backfill Subsurface Structures
* Demolish and Backfill Intake Structure Inside Seawall
" Remove Off-shore Intake and Outfall Conduits

" Remove Sheet Piling and Excavation Shoring, and Perform Dewatering and Effluent Treatment
* Finish Grading and Re-vegetate Site As Needed/Required

Site Restoration Period 6- Final Site Restoration and Easement Termination [details subject to final
resolution of negotiations with the U. S. Navy]
* Install Dewatering System and Effluent Treatment and Discharge Controls

* Remove and Stockpile Existing Seawall Erosion Protection

" Remove Seawall and Pedestrian Walkway

* Remove Remaining Intake Structure Beneath Seawall
" Backfill and Compaction of Excavation

" Remove Dewatering System and Effluent Treatment

* Remove Railroad Tracks, Stabilized Slopes, Access Road, and North Parking Lot
" Finish Grading and Re-vegetate Site as Needed/Required

D. General Decommissioning Considerations

1. Major Decommissioning Activities

As defined in 10 CFR 50.2, "Definitions," a "major decommissioning activity" is "any activity that results
in permanent removal of major radioactive components, permanently modifies the structure of the

containment, or results in dismantling components for shipment containing greater than Class C waste
in accordance with 10 CFR 61.55." The following discussion provides a general summary of the major
decommissioning activities currently planned for SONGS Units 2 and 3. These activities may be modified
as conditions dictate.

Prior to starting a major decommissioning activity, the plant components will be radiologically surveyed

and decontaminated, as required, to minimize worker radiation exposure. Shipping casks and other
equipment necessary to conduct decommissioning activities will be designed and procured.

The initial major decommissioning activities will focus on removal, packaging and disposal of piping and
components. Following RV and cavity reflood and RV head removal and disposal; the reactor vessel
internals will be removed from the reactor vessel and segmented as necessary to separate the GTCC
waste which will be placed in storage canisters and modules on the ISFSI designated for that purpose.
Using this approach, the internals will be packaged and disposed of independent of the reactor vessel
(RV). When the internals segmentation effort is completed, the RV and cavity will be drained and any
remaining debris will be removed.

Removal of the reactor vessel follows the removal of the reactor internals. It is likely that the
components will be removed by sectioning or segmenting performed remotely. These activities may be
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performed in air, rather than underwater, using a control envelope to preclude the spread of
contaminated materials.

Additional major decommissioning activities that will be conducted include removal and disposal of the
steam generators, pressurizer, spent fuel storage racks, and spent fuel bridge crane. The dismantling of
the containment structure will be undertaken as part of the reactor building demolition. As detailed in
Section 3 (below) appropriate radiation protection and contamination control measures will be
employed to manage these activities.

2. Other Decommissioning Activities

In addition to the major decommissioning activities discussed above, plant components will be removed

from the Turbine Building including the turbine generator, condenser, feedwater heaters, moisture
separator/reheaters, and miscellaneous system and support equipment. As detailed in Section 3
(below) appropriate radiation protection and contamination control measures will be employed to

manage these activities.

3. Decontamination and Dismantlement Activities

The objectives of the decontamination effort are two-fold. The first objective is to reduce radiation
levels throughout the facility to minimize personnel radiation exposure during dismantlement. The

second objective is to clean as much material as possible to 'unrestricted use' levels, thereby allowing
non-radiological demolition and disposal and minimizing the quantities of material that must be
disposed of by costly burial as radioactive waste. The second objective will be achieved by
decontaminating structural components including steel framing and concrete surfaces. The methods to

accomplish this are typically mechanical, requiring the removal of the surface or surface coating and are
used regularly in industrial and contaminated sites.

The decontamination and/or dismantlement of contaminated SSCs may be accomplished by:
decontamination in place; decontamination and dismantlement; or dismantlement and disposal. A
combination of these methods may be utilized to reduce contamination levels, worker radiation
exposures, and project costs. Material below the applicable radiological limits may be released for
unrestricted disposition (e.g., scrap, recycle, or general disposal). Radioactive contaminated or activated
materials will be removed from the site as necessary to allow the site to be released for unrestricted

use.

LLRW will be processed in accordance with plant procedures and existing commercial options.
Contaminated material will be characterized and segregated for additional onsite decontamination or
processing, off-site processing (e.g., disassembly, chemical cleaning, volume reduction, waste

treatment), and/or packaged for controlled disposal at a low-level waste disposal facility.

Contaminated concrete and structural steel components will be decontaminated and removed as
required to gain access to plant SSCs. After the SSCs are removed and processed as described above,
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the remaining contaminated concrete and structural steel components will be decontaminated and/or
removed. Contaminated concrete will be packaged and shipped to a low-level waste disposal facility.

Contaminated structural steel components may be removed to a processing area for decontamination,

volume reduction, and packaging for shipment to processing facility or to a low-level waste disposal

facility, as necessary.

Buried and embedded contaminated components (e.g., piping, drains) will be decontaminated in place,
or excavated and decontaminated. Appropriate contamination controls will be employed to minimize

the spread of contamination and to protect personnel.

4. Radioactive Waste Management

A major component of the total cost of decommissioning SONGS Units 2 and 3 is the cost of safely

packaging and disposing of contaminated SSCs, contaminated soil, resins, water, and other plant process
liquids. A waste management plan will be developed consistent with regulatory requirements for each
waste type. Currently, LLRW Classes B and C may be disposed of at the Waste Control Services (WCS)
waste disposal site in Andrews County, Texas. The waste management plan will be based on the

evaluation of available methods and strategies for processing, packaging, and transporting radioactive
waste in conjunction with the available disposal facility and associated waste acceptance criteria.

Class A LLRW will be disposed at a licensed disposal site. (SONGS has contracted with EnergySolutions to

use the facility located in Clive, Utah as well as WCS). If other licensed Class B and C LLRW facilities

become available in the future, SONGS may choose to use them as well.

5. Removal of Mixed Wastes

Mixed wastes (hazardous and radioactive) generated during decommissioning, if any, will be managed in
accordance with applicable Federal and State regulations. If technology, resources, and approved
processes are available, the processes will be evaluated to render the mixed waste non-hazardous.

Otherwise, mixed wastes from SONGS will be transported by authorized and licensed transporters and

shipped to authorized and licensed facilities.

6. Site Characterization

During the decommissioning process, a site characterization will be performed in which radiological,

regulated, and hazardous wastes will be identified, categorized, and quantified. Surveys will be

conducted to establish the contamination and radiation levels throughout the plant. The information
will be used in developing procedures to ensure the contaminated areas are removed and ensure that
worker exposure is controlled. Surveys of the selected outdoor areas will also be performed including

surveys of soil and groundwater near the site. As decontamination and dismantlement work proceeds,

surveys will be conducted to maintain the site characterization current and ensure that

decommissioning activities are adjusted accordingly.
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7. Groundwater Protection

A groundwater protection program was initiated at SONGS in accordance with NEI 07-07, "Industry

Groundwater Protection Initiative, Final Guidance Document," in August 2007 (Reference 11). A site

hydrology study was initially completed as part of this initiative and was updated in 2012. Monitoring

wells were installed around the plant to monitor for radionuclides. Acceptable levels of contaminants,

as defined by the program, have been observed throughout the sampling program implemented as part

of this initiative. Appropriate program elements will be maintained during decommissioning.

8. Change to Management and Staffing

With the plant shut down and defueled, plant management and staffing levels have been and continue

to be adjusted to reflect the transition from an operating plant to a plant in decommissioning status.

Staffing plans are addressed in the DCE.

Ill. ESTIMATE OF EXPECTED DECOMMISSIONING AND SPENT FUEL MANAGEMENT COSTS

10 CFR 50.82(a)(8)(iii) requires that a site-specific decommissioning cost estimate be prepared, and

submitted within two years following permanent cessation of operations. 10 CFR 50.82 (a)(4)(i) requires

that the PSDAR contain a site-specific decommissioning cost estimate including the projected costs of

managing irradiated fuel.

EnergySolutions has prepared a site-specific DCE for SONGS, which also provides projected costs of

managing irradiated fuel, as well as non-radiological decommissioning and other site restoration costs,.

The site-specific decommissioning cost analysis is being submitted concurrent with the IFMP and this

PSDAR and fulfills the requirements of 10 CFR 50.82(a)(4)(i) and 10 CFR 50.82(a)(8)(iii). A summary of

the annual costs associated with decommissioning, irradiated fuel management and site restoration are

provided in the Irradiated Fuel Management Plan also being concurrently submitted in accordance with

10 CFR 50.54(bb).

The methodology used by EnergySolutions to develop the site-specific decommissioning cost analysis

follows the approach originally developed by the Atomic Industrial Forum (now Nuclear Energy Institute)

in their program to develop a standardized model for decommissioning cost estimates. The results of

this program were published as AIF/NESP-036, "A Guideline for Producing Commercial Nuclear Power

Plant Decommissioning Cost Estimates," (Reference 7). This document includes a unit cost factor

method for estimating direct activity costs, simplifying the estimating process. The unit cost factors

used in the study reflect the latest available data at the time of the study concerning worker

productivity during decommissioning.

The decommissioning of the SONGS site will be funded from Nuclear Decommissioning Trusts

established by each SONGS Participant for each unit. The relative liabilities of each SONGS Participant

are detailed in the DCE. Sufficient funds (based on balances and earnings) are projected to be available

to complete the planned decommissioning activities.
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As discussed in Section IV of the IFMP the CPUC will establish processes for oversight of withdrawals
from the nuclear decommissioning trusts by SCE and SDG&E, and designate the specific amounts from

the existing fund balances that are available for the three decommissioning cost categories: (1) spent
fuel management; (2) site restoration; and (3) license termination. As entities not subject to CPUC
jurisdiction, Anaheim and Riverside are not required to obtain CPUC authorization with respect to

withdrawals from their respective Nuclear Decommissioning Trusts.

IV. ENVIRONMENTAL IMPACTS

As shown in this section, SCE has evaluated the environmental impacts of decommissioning SONGS Units
2 and 3 to determine if anticipated impacts are bounded by existing environmental impact statements,

the NRC's generic decommissioning EIS (GELS, Reference 6) and the SONGS Final Environmental

Statement (FES, Reference 8). As noted in Regulatory Guide 1.185, C.4 "the PSDAR does not need to
include the analysis of the specific environmental impacts associated with decommissioning

activities....the licensee must ensure that supporting documentation and analyses are available at the
reactor site for inspection by the NRC Staff." Such detailed documentation and analyses are contained

in the Environmental Impact Evaluation (EIE) and its supporting references as noted in the
Developmental References. They are available on-site for NRC review as well as on the

SONGScommunity.com website and are summarized below. Both the detailed documentation and
analyses and the following summary were reviewed by internal and external subject matter experts,
independent third-party reviewers and the Community Engagement Panel discussed in the Introduction

to this report.

In the GELS, the NRC reviewed the environmental impacts resulting from decommissioning on a generic

basis, and identified a need for site-specific analyses for: (1) threatened and endangered species and (2)
environmental justice. In addition, site-specific analyses are called for whenever decommissioning plans
indicate that activities will impact areas beyond the operational portions of a facility. The SONGS FES

addresses decommissioning, but does not establish bounding environmental impacts specific to
decommissioning. However, the FES' discussion of impacts for construction does describe bounding
impacts as it related to potential dewatering during decommissioning.

The NRC, in its GELS, identified additional activities that are performed in conjunction with

decommissioning. These activities are regulated by the NRC but any associated environmental impacts
are addressed directly in conjunction with those regulated activities. These activities include those
related to the decision to permanently cease operations, irradiated fuel management in wet or dry

storage, irradiated fuel transport and disposal, and the treatment, and/or disposal of LLRW. SCE
similarly excluded consideration of such activities to remain consistent with the NRC's approach.

A. Environmental Impacts of Decommissioning SONGS

SCE assessed the potential for environmental impacts to each resource area from decommissioning

activities using the evaluations in the GElS as a guide. Like the GELS, the analysis assumed that
operational mitigation measures will be continued and did not rely on the implementation of new
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mitigation measures unless specified. Releases to the environment, waste volumes, and other
environmental interfaces were estimated in the DCE or other sources referenced in the EIE. This

information was then assessed against the potential for impact and the existing environmental
conditions at SONGS to identify impacts and determine whether the GElS and FES remain bounding. The
GElS categorizes significance levels as SMALL (impacts are not detectable or are so minor that they will
neither destabilize nor noticeably alter any important attribute of the resource or do not exceed

permissible levels in the NRC's regulations), MODERATE (impacts are sufficient to alter noticeably, but
not to destabilize, important attributes of the resource), or LARGE (impacts are clearly noticeable, and

are sufficient to destabilize important attributes of the resource).

To support the evaluation, SCE established the baseline environmental and societal conditions through

site-specific information as well as vicinity and regional data available from local, state, and federal
agencies. In addition, the evaluation considered the existing permit conditions and limitations for water
and air permits and NRC regulatory requirements, including those focused on occupational dose, public

dose, radiological effluents, and LLRW shipping. Federal, state, and local requirements for non-
radiological interfaces with the environment were considered. These include regulatory limits on water
withdrawal and discharges, air emissions including fugitive dust, noise levels, and protection of avian,

terrestrial and aquatic species, protection of cultural resources, disposal of non-radiological waste, and
worker health protection.

SCE reviewed the planned decommissioning activities for SONGS Units 2 and 3 and compared these to
the decommissioning activities that NRC evaluated in the GELS. The planned activities fall within the
activities that NRC evaluated. While each decommissioning site is unique, no unusual site-specific

features or aspects of the planned SONGS Units 2 and 3 decommissioning have been identified.
Furthermore, the practices used to accomplish the individual decommissioning tasks will employ

conventional methods.

SCE's review confirmed that the anticipated or potential impacts are within the bounds of the generic
impacts that the NRC described in the GELS. There are no applicable bounding impacts for threatened

and endangered species and environmental justice. The site-specific analyses determined that the
planned SONGS Units 2 and 3 decommissioning activities are not likely to result in significant impacts to

threatened and endangered species nor have disproportionate impacts on minority or low-income
populations. The following discussions summarize the full Environmental Impact Evaluation focusing on
the reasons for reaching this conclusion.

Page 19 of 34 Original Issue
Revision 0

SCE-SER 000021

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-1, Page 25 of 291
(25 of 2110)

hibbd
Highlight
SCE's review confirmed that the anticipated or potential impacts are within the bounds of the generic

impacts that the NRC described in the GELS. There are no applicable bounding impacts for threatened

and endangered species and environmental justice. The site-specific analyses determined that the

planned SONGS Units 2 and 3 decommissioning activities are not likely to result in significant impacts to

threatened and endangered species nor have disproportionate impacts on minority or low-income

populations. The following discussions summarize the full Environmental Impact Evaluation focusing on

the reasons for reaching this conclusion.





San Onofre Nuclear Generating Station Units 2 and 3

Post-Shutdown Decommissioning Activities Report

1. Onsite/Offsite Land Use

SCE's decommissioning plans include building demolition and removal within the 84-acre easement

hosting the SONGS Units 2 and 3 reactor units and infrastructure. SCE plans to seek an easement lease

amendment from the CSLC for the partial removal or abandonment in-place of the SONGS Units 2 and 3

intake and discharge conduits. In addition, the existing rail spur serving the site will most likely be used

in support of waste shipments.

The SONGS site is currently used for utility-related industrial land uses, with the majority of the property

within the easement having been previously disturbed during construction and operation of the plant.

The coastal bluff areas located in the northwest and southeast portions of the 84-acre easement have

remained undeveloped in compliance with the California Coastal Commission (CCC) Guarantee

Agreement, in which SCE provided assurance that they will be protected and that they will remain in

their natural state. It is anticipated that there will be no changes in onsite land use patterns during

decommissioning.

The GElS assessment for land use concluded that the impact would be SMALL for sites that did not

require additional land for decommissioning activities. If additional land was needed the impact should

be determined on a site-specific basis. Because no additional lands are needed SONGS onsite land use

impacts during decommissioning are bounded by the GElS and are categorized as SMALL.

2. Water Use

SONGS Units 2 and 3 acquires potable water through the South Coast Water District, a member agency

of the Municipal Water District of Orange County (MWDOC). The site historically used water from the

Pacific Ocean for its condenser cooling and service water cooling functions. The operational demand for

cooling and makeup water has been significantly reduced since SONGS Units 2 and 3 permanently

ceased operation. Condenser cooling is not required when the plant is not operating and service water

cooling demands have been reduced to the extent possible (primarily spent fuel pool cooling). The

normal operation demand was previously over 830,000 gpm per unit and is currently approximately

34,000 gpm total for both Units 2 and 3. During the decommissioning period, SONGS intends to

continue to reduce cooling water demands with the intent to eliminate such demands on the Pacific

Ocean as soon as possible.

The GElS assessment of water use concluded the impact on water use would be SMALL if the

decommissioning did not significantly increase water use. Water uses for decommissioning include staff

usage, fuel storage (replacement of evaporative losses, etc.), fuel transfer (washing down transport

casks), large component segmentation generally performed underwater, decontamination and

dismantlement (if water-jet or similar techniques are employed). Water uses are anticipated to be

significantly less than during operation. Thus water use impacts during decommissioning are bounded

by the GELS.
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3. Water Quality- Non-Radiological

Major activities that could impact surface and groundwater quality during decommissioning include site
excavation, stabilization, decontamination, dismantlement, and dewatering. These activities present

the potential of spills, migration of low concentrations of radioactivity or hazardous substances not
previously identified, and leaching from subsurface structures.

As discussed in Section 2 above, the site uses water from the Pacific Ocean for its condenser cooling and

service water cooling functions. Water used for cooling functions is discharged through the ocean
outfalls for Units 2 and 3, and is currently regulated under individual National Pollutant Discharge
Elimination System (NPDES) Permits from the San Diego Regional Water Quality Control Board
(SDRWQCB). The individual unit permits may be merged into a single NPDES Permit which would also
continue to address groundwater dewatering discharges, and multiple minor waste stream discharges

from within SONGS Units 2 and 3.

Storm water discharge is regulated and controlled through an industrial storm water general permit
issued by the SDRWQCB. This permit requires SONGS to develop, maintain, and implement a storm

water pollution prevention plan (SWPPP) for the facility. Storm water-related monitoring plans and
reporting protocols will be updated as necessary to address permit requirements and decommissioning

activities.

A previous SCE study concluded that no drinking water pathway exists for exposure from SONGS
operations. Furthermore, the nearest drinking water well is more than one mile inland. Previous studies
indicate that even under extreme pumping conditions, a seaward gradient will exist. Therefore, any

dewatering is not expected to result in saltwater intrusion.

The GElS assessment of water quality impacts concluded the impacts would be SMALL based on

compliance with regulatory requirements including the appropriate application of best management

practices (BMPs) and controls. SCE will follow standard storm water BMPs as documented in the
current Industrial SWPPP and implement the current SPCC plan to minimize the chance of both
groundwater and surface water contamination. In the event an unknown area of hazardous substances

is identified during sub-grade soil excavation and structures removal, the area will be assessed and
controlled. Due to the implementation of BMPs and compliance with permits, the potential impacts of
decommissioning on nonradioactive aspects of water quality for both surface water and groundwater

are bounded by those addressed in the GElS.

4. Air Quality

Emission sources in San Diego County are primarily mobile sources (vehicular traffic) and ambient air
quality standards are frequently exceeded for ozone and particulate matter due to routine vehicular

traffic. Relatively minor stationary sources, such as those planned for use at SONGS, are projected to be
a fraction of the average daily emissions permitted by the San Diego Air Pollution Control District

(SDAPCD).
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The most likely impact of decommissioning on air quality will be due to dust. SCE will employ standard
dust control measures during decommissioning in accordance with SDAPCD dust abatement and visible

emissions requirements. Air emissions due to commuting workers will actually be less since the work
force during all phases of decommissioning is expected to be smaller than the peak number of workers
used for construction or refueling outages.

The NRC's GElS generically determined air quality impacts associated with decommissioning to be

SMALL due to the sufficiency of current and commonly used control and mitigation measures. SCE will
implement standard mitigation measures to reduce emissions during decommissioning per the
requirements of the SDAPCD. Therefore, air quality impacts related to decommissioning of SONGS

Units 2 and 3 are bounded by the GELS.

5. Aquatic Ecology

SCE has characterized the aquatic environment in the vicinity of the SONGS Units 2 and 3 intake and
discharge conduits prior to construction of and during the operation of SONGS. There are a variety of
habitat types surrounding the SONGS Units 2 and 3 conduits. The marine habitat offshore of SONGS

consists of a mixture of sand, cobble, and isolated areas of exposed rock. The area of high marine
productivity in the immediate vicinity of the plant site is the shallow sub-tidal zone, approximately 1,300
feet north of SONGS. This area supports a biological community dominated by surfgrass, and feather

boa kelp. The San Onofre kelp bed is approximately 650 feet south of SONGS Unit 2 diffusers in a water

depth of 40 to 50 feet. The benthic fish community is generally dominated by queenfish; northern
anchovy; white croaker and speckled sanddab.

Since ceasing permanent operations at SONGS Units 2 and 3, SCE has reduced ocean water withdrawals

and discharge by approximately 96 percent from normal operating flows. The remaining flow is
primarily associated with cooling spent fuel while in wet storage. As noted earlier, spent fuel storage

and cooling are existing operational activities and is not re-addressed as part of this environmental
review. SONGS will continue to comply with its applicable regulatory and permit requirements

associated with reduction of impingement and entrainment impacts due to water withdrawals.

SCE sought and obtained an amendment to the CSLC easement lease for Unit I which allowed the intake

and discharge conduits to remain buried beneath the seafloor. SCE is planning to pursue similar
amendments for SONGS Units 2 and 3. If the CSLC approves the amendment to allow SCE to abandon

the conduits in place, the environmental impacts are projected to be SMALL with the application of
appropriate mitigation measures enumerated in the lease amendment. Complete removal of the

conduits, as is currently required by the CSLC lease, is anticipated to have significant adverse

environmental impacts. The detailed Environmental Impact Evaluation assumes the CSLC lease is
amended. If the CSLC lease is not amended, the environmental impacts from complete removal of the

conduits will have to be further addressed. If necessary, SCE will update the PSDAR and initiate other

regulatory interactions to address the results of this analysis.
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There are no surface water bodies on the SONGS site, but the Pacific Ocean borders the site and vernal

pools are found northwest of SONGS Parking Lot 4. Decommissioning activities for SONGS Units 2 and 3
will include the application of common BMPs, compliance with the SONGS storm water permit, and
implementation of the storm water pollution prevention plan, which will be updated as necessary to
address decommissioning activities. These measures will ensure that any changes in surface water

quality will be non-detectable and non-destabilizing.

The NRC determined aquatic ecology impacts to be SMALL when only aquatic resources within a plant's

operational areas are disturbed. The potential impacts to aquatic ecology are bounded by the GElS and
no additional mitigation measures beyond those anticipated as conditions of the CSLC easement lease

amendment are likely to be warranted.

6. Terrestrial Ecology

The SONGS site is almost entirely paved and developed. However, there are small strips of intact scrub-

shrub habitat and ornamental vegetation surrounding the parking lots and between developed areas of
the plant. The SONGS site also has undeveloped coastal bluffs that are explicitly protected from

development under the CCC Guarantee Agreement. The onsite coastal bluff in the northwest area of
SONGS is sparsely vegetated, California desert-thorn scrub habitat. The larger onsite coastal bluff in the
southeast area of SONGS is approximately 5 acres and is dominated by California sagebrush scrub
vegetation. This bluff is contiguous with the San Onofre bluffs of the San Onofre State Beach, which

supports two native vegetation associations (Diegan coastal sage scrub and southern foredune) and
small areas of disturbed coastal sage scrub habitat. The coastal bluff areas provide opportunity to

support wildlife; however, the light, noise, and frequent human presence due to the proximity of SONGS
and the state beach result in a more disturbed habitat than will otherwise be optimal for many species.
Avian species are highly mobile and not subject to barriers such as roads and developed areas and may
utilize scrub habitat or open surfaces for nesting and temporary perching.

The decommissioning activities will include noise and dust from dismantlement of facilities and heavy
equipment traffic, surface runoff, emissions from construction equipment, and the potential for bird
interactions with crane booms or other construction equipment. These activities will be conducted in

compliance with air quality and noise regulations, and SCE will use avoidance and minimization
measures to address potential impacts. Compliance with applicable regulations, air permits, noise

restrictions along with the temporary nature of the various decommissioning tasks (e.g., use of cranes)
will minimize the impacts to terrestrial species as well as the human community. Decommissioning
plans do not currently include the use of explosives, which could disturb terrestrial resources. Should

those plans change the environmental impacts will be reevaluated.

SONGS is located within the coastal zone and prior to active dismantlement, SCE will file a coastal

development permit application with the CCC. As part of this permitting process, decommissioning
activities within the coastal sage habitat areas, coastal bluff, and beach areas will be reviewed by the
CCC and United States Fish and Wildlife Service (USFWS) for potential environmental impacts including
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the federally listed coastal California gnatcatcher and other protected species and species of concern.
Any necessary mitigation measures will be included as conditions of the CCC permit. The removal of

various current SONGS features along the perimeter of the developed plant adjacent to and within the
natural area could potentially require ground disturbance in unpaved areas. Appropriate avoidance and
minimization measures will be used to minimize the impact of any ground disturbance.

With the implementation of appropriate avoidance and minimization measures and compliance with

permit conditions as discussed above, decommissioning of SONGS Units 2 and 3 is not anticipated to
adversely impact any terrestrial resources and the impacts will be bounded by the GElS which
determined them to be SMALL.

7. Threatened and Endangered Species

Seventeen federally or state protected species utilize habitat within the vicinity (a 6-mile radius) of the
SONGS site. These species are listed in Table IV-1, along with their protection status and critical habitat
designation. Other species of concern are also addressed in the detailed Environmental Impact

Evaluation including both the critically imperiled and imperiled species listed in the California Natural
Diversity Data Base and located within one mile of the site but are not otherwise addressed here.

The list includes four federally listed marine turtles. However, none is considered a full-time resident in

the vicinity of SONGS and they only migrate through the vicinity. Another federally listed marine reptile,

the Hawksbill turtle, sporadically nests in the southern part of the Baja peninsula and foraging sub-
adults and juveniles have been sighted along the California coast. Given the SMALL impacts on water
use and water quality during decommissioning and the ability of these species to migrate away from the
site, these species should not be adversely impacted by decommissioning.

The decommissioning activities will indirectly impact protected species through dust generation from
structure demolition, noise from dismantlement of facilities and heavy equipment traffic, surface runoff,
emissions from construction equipment, and potential bird interactions with crane booms or other

construction equipment. The decommissioning activities will be conducted in compliance with air
quality and noise regulations and SCE will use appropriate avoidance and minimization measures.
Compliance with applicable regulations, air permits, and noise restrictions related to daylight working
along with the temporary nature of the various decommissioning tasks will minimize any such impacts.
Decommissioning plans do not currently include the use of explosives, which could disturb protected

species. These measures will minimize impacts to protected terrestrial species that inhabit or visit the
SONGS site.

Although rare on the site, there has historically been one protected plant species in the vicinity of
SONGS, the thread-leaved brodiaea. Decommissioning activities will generally be confined to previously
disturbed areas (e.g., paved, high traffic areas). Otherwise, the SCE environmental staff will conduct an
environmental assessment per established procedures. The procedure requires an assessment prior to
any land disturbance, soil addition, digging, grading, or trenching outside the paved and concreted
areas; maintenance activities near surface water, and wetlands and trimming or removal of native plants
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other than landscape maintenance. Therefore, adverse impacts on protected plant species are not
anticipated.

Decommissioning of SONGS Units 2 and 3 is not anticipated to adversely impact any federally or state-
listed species. As discussed above, decommissioning activities will generally be limited to previously

disturbed areas on-site, near-shore and off-shore. SCE will employ mitigation measures as required by
the regulatory agencies to minimize impacts to the environment and protect listed species. In addition,

SCE will implement BMPs and conduct assessments as called for in its environmental protection
procedure(s), as well as comply with permit and regulatory requirements to minimize indirect impacts
from noise, air emission, dust, and runoff. Therefore, impacts to threatened or endangered species

from decommissioning are expected to be SMALL.

Table IV-1

Threatened and Endangered Species Identified within the Vicinity of SONGS

State Federal Critical Habitat
Scientific Name Common Name Status(a) Status(b) within Vicinity

AMPHIBIAN SPECIES

Anaxyrus californicus Arroyo toad - FE yes(c)

AVIAN SPECIES

Charadrius alexandrinus - FT yes(c)

nivosus Western snowy plover

Southwestern willow SE FE No
Empidonax traillii extimus flycatcher

Haliaeetus leucocephalus Bald eagle SE delisted No

Coastal California - FT yes(c)

Polioptilacalifornica californica gnatcatcher

Vireo bellii pusillus Least Bell's vireo SE FE yes(c)

FISH SPECIES

Orcorhynchus mykiss Steelhead trout - FE yes(c)

INVERTEBRATE SPECIES

Branchinecta sandiegoensis San Diego fairy shrimp - FE yes(c)

Streptocephalus woottoni Riverside fairy shrimp - FE No

MAMMALIAN SPECIES
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State Federal Critical Habitat

Scientific Name Common Name Status(a) Status(b) within Vicinity

Dipodomys stephensi Stephen's kangaroo rat ST FE No

Perognathus longimembris Pacific pocket mouse - FE No

pacificus

PLANT SPECIES

Brodiaea filifolia Thread-leafed brodiaea SE FT yes(c)

REPTILIAN SPECIES

Caretta caretta Loggerhead sea turtle - FE No

Chelonia mydas Green sea turtle - FT No

Dermochelys coriacea Leatherback sea turtle - FE No

Lepidochelys olivacea Olive Ridley's turtle - FT No

a. SE = state endangered; ST = state threatened;
b. FE = federally endangered; FT = federally threatened
c. The USFWS has critical habitat delineated within the SONGS site vicinity. However, the designation

explicitly excludes Camp Pendleton and thus the SONGS site. Further, the term vicinity includes
any area within a 6 mile radius of the site and is not limited to the site itself.

8. Radiological

Decommissioning activities have the potential to contribute to radiological impacts. SONGS Units 2 and

3 may continue to have limited gaseous and liquid radiological effluents until most of the

decommissioning activities are complete and the irradiated fuel is transferred to dry storage. SCE is

evaluating options to significantly reduce, if not eliminate, routine liquid effluents through the use of

self-contained clean-up systems for ongoing systems and activities.

Occupational Dose
The GElS estimates for the reference pressurized water reactor (PWR) dose is 1,215 person-rem for

DECON. In the most recent supplement to the GELS, the NRC reviewed data available from

decommissioning experience subsequent to their initial review (in 1988). Because the range of

cumulative occupational doses reported by reactors undergoing decommissioning was similar to the

range of estimates for reference plants presented in the 1988 revision of the GELS, the NRC did not

update its estimates for occupational dose.

SCE expects the SONGS dose to be bounded by the referenced PWR dose since: a number of major

components which often contribute to area dose rates are relatively new (steam generators and reactor

vessel head); and, as a result of SONGS operational dose reduction efforts (i.e., zinc injection). A more

detailed estimate will be developed to support evaluation of decontamination scope.
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The regulatory standard for worker exposure is a dose limit per worker rather than a cumulative dose.
Detailed occupational dose estimates will be performed as part of the work planning process. Such
planning will address means to reduce occupational dose where appropriate. SCE remains committed to

keeping dose to plant personnel 'As Low as Reasonably Achievable' (ALARA). The activities that have
potential radiological impacts will be conducted in a manner to keep doses ALARA and well within
regulatory limits.

Public Dose
The NRC generically concluded that reactors undergoing decommissioning could reasonably be expected
to have emissions and public doses comparable to or substantially less than the levels experienced

during normal operation of those facilities. The Radiological Environmental Monitoring Program (REMP)
results demonstrate that the radiological environmental impact of the operation of SONGS Units 2 and

3, and the resulting dose to a member of the general public, is negligible.

SCE will continue to monitor effluents, comply with all applicable regulatory limits, and continue its
REMP to assess the impacts to the environment from these effluents.

In summary, SCE estimates that SONGS Units 2 and 3 decommissioning activities will result in

occupational and public doses within NRC estimates. Therefore, SONGS' radiological impacts during
decommissioning are bounded by the GElS which determined the radiological impacts to be SMALL.

9. Radiological Accidents

Many activities that occur during decommissioning are similar to activities that commonly take place
during maintenance outages at operating plants such as decontamination and equipment removal.
Accidents that could occur during these activities may result in injury and local contamination. However,

they are not likely to result in contamination off-site.

The limiting design basis accidents (DBAs) applicable to a decommissioning plant are those involving the

spent fuel pool. All DBAs and severe accidents involving the reactor are precluded as a result of transfer
of spent fuel from the reactor vessels to the pools and ultimately the ISFSI. The environmental impacts
of DBAs, including those associated with the spent fuel pool, were evaluated during the initial licensing
process and documented in the FES. Furthermore, the impacts of these events are less than previously

evaluated due to the time since the fuel was most recently irradiated.

The NRC's GElS analysis relies in part on the waste confidence rule regarding spent nuclear fuel related
severe accidents. The waste confidence GElS (Reference 9) continues to consider severe accidents

involving the spent fuel pool to be a SMALL risk.

Thus, SONGS' radiological accident impacts during decommissioning are bounded by NRC's
Decommissioning GElS which determined such risks to be SMALL.
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10. Occupational Issues

SONGS currently has an industrial safety program and safety personnel to promote safe work practices
and respond to occupational injuries and illnesses. Equivalent safety programs will continue to be in

effect during decommissioning activities.

SONGS has an average occupational injury rate well below that of the heavy construction industry sector
and consistent with the power generation and nuclear power industry. Decommissioning activities will
be conducted in a manner reflecting personnel safety as a critical element. Therefore, SONGS

occupational safety impacts are considered to be bounded by the GElS which generically determined
occupational safety impacts to be SMALL.

11. Cost

Decommissioning costs for SONGS are discussed in the DCE being submitted concurrently.

12. Socioeconomics

The primary socioeconomic impacts of decommissioning are related to staffing changes and decreasing

tax revenues. Impacts related to the decision to permanently cease operations are outside the scope of
this evaluation. SCE determined the staff reduction impacts from the decision to be minimal. The staff
reductions represent 0.04 percent and 0.03 percent of San Diego County's and Orange County's
workforces, respectively. Any impacts will be deferred somewhat due to the employment of temporary
staff necessary to accomplish the various decommissioning activities.

Similarly, SONGS is located in San Diego County and its property assessment is a relatively small portion
of San Diego County's total tax collections. Historically, SONGS' contribution to the county property tax
collections has been consistently less than I percent. SONGS' tax obligations will be reduced due to
decommissioning, but SCE and SONGS will continue to contribute to county tax revenues.

It is anticipated that there will be limited or no changes or impacts to the local community and
socioeconomic conditions and less impact than would be expected generically where other nuclear
facilities have a higher relative impact on the job market or tax base. Thus, SONGS' impacts are
bounded by those considered in the GElS in which the NRC generically determined socioeconomic

impacts to be SMALL.

13. Environmental Justice

Decommissioning activities that may potentially affect identified minority and low-income populations
include those related to staffing changes and offsite transportation. However, the assessment of

environmental justice also considered other specific issues (e.g., water use, air quality). SCE has
determined that no significant offsite impacts will be created by SONGS 2 & 3 decommissioning
activities. As generic NRC guidance recognizes, if no significant offsite impacts occur in connection with
the proposed action, then no member of the public will be substantially affected. Therefore, there can
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be no disproportionately high and adverse impacts on members of the public, including minority and
low-income populations. In addition, staffing is not anticipated to be an impact due to the large

population and robust job market in the area (see Section 12 above).

The environmental justice evaluations utilize a 50-mile radius around the plant as the potentially
impacted area. To complete this evaluation, the 2006-2010 low-income data and 2010 minority
population data for California were obtained from the United States Census Bureau (USCB) and
processed using ESRI ArcGIS 10.1 software. All census data were downloaded in USCB block group level
geography so that the environmental justice evaluations were consistent between the minority and low-
income analyses. The evaluations and results are detailed in the EIE which concluded there were no

disproportionate impacts.

In its GELS, the NRC concluded that adverse environmental justice impacts and associated significance of

the impacts must be determined on a site-specific basis. Unlike many nuclear sites, SONGS is located in
and near relatively large communities with significant other commercial and industrial activities. Thus,
the impact of SONGS shutdown is less severe than may otherwise be the case. Further, SCE has
determined that no significant offsite environmental impacts will be created by SONGS Units 2 and 3
decommissioning activities. Since no significant offsite impacts occur in connection with the proposed
action, no member of the public will be substantially affected. Therefore, it is unlikely for there to be a

disproportionately high and adverse impact or effects on specific groups or members of the public,
including minority and low-income populations, resulting from the decommissioning of SONGS Units 2

and 3.

14. Cultural Historic and Archeological Resources

No prehistoric or historic archaeological sites or historic sites eligible for listing or listed on the National
Register of Historic Places, California Register of Historical Resources, or San Diego County Local Register
of Historical Resources are located within the SONGS site lease easement and no traditional cultural
properties are known to be present. Two prehistoric archaeological sites and three historic

archaeological sites were identified within 0.5 miles of SONGS Units 2 and 3.

All of these areas are outside the operational/decommissioning site. In its GELS, the NRC concluded that

for plants where the disturbance of lands beyond the operational areas is not anticipated, the impacts
on cultural, historic, and archeological resources will be SMALL. Since decommissioning activities are
confined to the SONGS site, no adverse impacts are anticipated. SONGS' impacts on cultural, historical,

and archeological resources during decommissioning fall well within the bounds established by the NRC

in the GELS.

15. Aesthetic Issues

In its GELS, the NRC stated that removal of structures is generally considered to be a beneficial aesthetic
impact and drew the generic conclusion that for all plants, the potential impacts from decommissioning

on aesthetics are SMALL and that any mitigation measures are not likely to be beneficial enough to be
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warranted. Similarly, the aesthetic impact of final result of decommissioning SONGS Units 2 and 3 will

be less than that of the current aesthetic impact of the plant. During dismantlement, any adverse visual

intrusion will be temporary and will ultimately serve to reduce the aesthetic impact of the site.
Therefore, the impacts of SONGS on aesthetic resources during decommissioning are bounded by the

GELS.

16. Noise

Offsite noise sources that affect the ambient noise environment in the vicinity of SONGS include
Interstate-5, the San Diego Northern Railroad, and military operations. During the decommissioning
process, the sounds that might be heard at offsite locations include noise from construction vehicles and

tools. The timing of noise impacts and the duration or intensity will vary. The nearest sensitive
receptors to SONGS are recreational users of San Onofre State Beach where the ambient noise

environment can exceed 70 dBA. The more intense decommissioning activities will occur 400 ft or more

from the beach access public walkway in front of the SONGS sea wall.

Due to the relatively high ambient noise levels surrounding SONGS, decommissioning activities are not

expected to produce noise levels that could impact the activities of humans or threatened and

endangered species. In addition, SCE will comply with the local noise regulations for construction sites,
which restrict the average sound level at the property boundary to 75 dBA between 7 a.m. and 7 p.m.,

and any additional agency permit requirements including any lower allowed limits during evenings and
overnight. Therefore, noise impacts during decommissioning of SONGS Units 2 and 3 are bounded by

the previously issued GELS, which generically determined the noise impacts associated with

decommissioning to be SMALL.

17. Transportation

Transportation impacts are dependent on the number of shipments to and from the facility, the type of

shipments, the distance that material is shipped, and the number of workers commuting to and from

the site.

Transportation infrastructure within the vicinity of SONGS includes one major north- and south-bound
freeway, 1-5, an assortment of local and county roads, passenger and cargo rail service (part of the Los

Angeles-San Diego corridor), and an existing rail spur serving the SONGS site. The 2011 average annual

daily traffic (AADT) count for this portion of 1-5 was 132,000 vehicles.

SCE compared the assumptions and analysis inputs used for NRC's analysis with waste volumes
estimated for SONGS Units 2 and 3 decommissioning, transport mode, and disposal facility options. Due

to the availability of the rail line, a substantial portion of the shipments will likely use that mode of
transportation. The NRC indicates use of rail reduces radiological impacts by more than a factor of 10
over truck shipments. Furthermore, disposal facilities available for SONGS Units 2 and 3 radiological
wastes are less than half the distance assumed by NRC in its analysis. Therefore the generic impacts

bound those associated with SONGS Units 2 and 3.
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Furthermore, SCE will comply with all applicable NRC and U.S. Department of Transportation (DOT)
regulations, including Federal Railroad Administration regulations and requirements, and will use
approved packaging and shipping containers for waste shipment. SCE will also comply with State of
California regulations enforced by Caltrans and the California Highway Patrol. The NRC has generically
concluded that the radiological impacts of transporting radiological waste from decommissioning will be
SMALL and those for SONGS Units 2 and 3 are bounded by the GELS.

SCE estimated a peak of approximately 560 workers during decommissioning and the vehicular traffic
due to commuting will likely exceed the 200 per peak hour threshold, prompting review for potential to
impact traffic congestion as required under the local congestion management plan. SCE estimated peak

truck traffic due to waste shipments to be approximately 150 per day. The decommissioning traffic
associated with SONGS is considered negligible compared to existing traffic volumes and will not be
expected to significantly alter congestion on roadways. In addition, this amount of traffic is not
expected to significantly deteriorate roadways; therefore the GElS is bounding and the non-radiological
transportation impacts of decommissioning are SMALL.

Offshore activities to remove vertical risers on the intake and discharge conduits will increase marine
vessel traffic in the area. It is expected that these activities will not cause either a navigational safety
hazard or a substantial delay in the normal movements of commercial or recreational vessels. The
environmental impacts review for the Unit 1 conduit disposition indicated that impacts to recreational

and commercial transportation will be insignificant.

18. Irreversible and Irretrievable Commitment of Resources

SONGS Units 2 and 3 decommissioning will involve dismantlement and removal of structures and
restoration of the property to a state for unrestricted release per NRC regulations in accordance with

the criteria for license termination in 10 CFR 20, Subpart E. Furthermore, the property will be returned
to the U.S. Navy under negotiated terms of the easement. The activities necessary to decommission
SONGS Units 2 and 3 involve a minor irretrievable commitment of consumable materials (including
materials for decontamination, solvents, industrial gases, tools, fuel, etc.). The irreversible commitment

of such resources is not unique and is bounded by those considered by the NRC in the GElS which
concluded consumption to be minor.

Waste from decommissioning of SONGS Units 2 and 3 will consume space at waste facilities. California
has multiple facilities permitted for the storage, treatment, and disposal of hazardous and universal
waste. The nonradioactive waste is assumed to be shipped to an out-of-state landfill due to the
moratorium on disposal of decommissioned materials at California nonhazardous landfills. The
decommissioning of SONGS Units 2 and 3 will result in minor irretrievable or irreversible commitment of
resources bounded by the GElS in which the NRC determined will be SMALL impacts.
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B. Environmental Impacts of License Termination - NUREG-1496

The License Termination Plan (LTP) has not yet been developed. As noted earlier, it is required to be
submitted at least two years prior to the proposed termination date. In general, the LTP outlines the
basis for an administrative/legal activity. No physical work beyond that already addressed is

anticipated. Thus, there are no environmental impacts beyond those already addressed that need to be
addressed at this point in the process.

C. Discussion of Decommissioning in the FES

Applicable portions of the FES were addressed as noted in each of the topics previously summarized.

D. Additional Considerations

SCE has not identified any unique considerations that need to be further addressed. The previous topic
summaries address a sufficiently wide range of issues.

E. Conclusion

SCE has performed an environmental review to evaluate environmental impacts associated with
decommissioning activities, confirming that the anticipated or potential impacts are within the bounds
of the generic impacts that NRC described in the GELS. Further, while there are no applicable bounding
impacts for threatened and endangered species and environmental justice discussed in the GELS, the
SONGS Units 2 and 3 decommissioning activities are not anticipated to result in significant impacts to
threatened and endangered species or disproportionate impacts on minority or low-income

populations. This is principally due to the following:

* Planned activities fall within the activities that the NRC evaluated. There are no unique aspects of

the plant or decommissioning techniques that will invalidate previously drawn conclusions.
* Methods to be employed to dismantle and decontaminate the site are standard construction-based

techniques fully considered in the GELS.
* SCE will continue to comply with NRC dose limits and conduct activities in accordance with ALARA

principles.
" SCE will continue to comply with the SONGS Offsite Dose Calculation Manual, Radiological Effluent

Monitoring Program, and the Ground Water Protection Initiative Program during decommissioning.
Each will likely be modified somewhat to reflect changes in site configuration, etc.

* SCE will comply with all applicable NRC and DOT regulations, including Federal Railroad
Administration regulations and requirements, and use approved packaging and shipping containers

for the shipping of radiological waste. SCE will also comply with State of California regulations
enforced by Caltrans and the California Highway Patrol.
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* SCE will continue to comply with federal, state, and local requirements for non-radiological
interfaces with the environment including limitations on water withdrawal and discharges, air
emissions including criteria pollutants and fugitive dust, noise levels, protection of avian, terrestrial
and aquatic species, cultural resources, disposal of non-radiological waste, and worker health
protection.

* SCE will seek and comply with an amendment to its CSLC easement lease to largely abandon the

intake and discharge conduits in place.
" SCE will seek and comply with a coastal development permit from the CCC for decommissioning.
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SOUIHERN CALIFORNIA Thomas 1. PalmisanoFDISO•.Vice President & Chief Nuclear Officer
~JEDISON'

An EDISON INTERNATONA01 Company 10 CFR 50.82(a)(4)(i)

September 23, 2014

U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington D.C. 20555-0001

Subject: Docket Nos. 50-361 and 50-362,
San Onofre Nuclear Generating Station, Units 2 and 3
Irradiated Fuel Management Plan

Reference Letter from P.T. Dietrich (SCE) to the U.S. Nuclear Regulatory Commission,
dated June 12, 2013; Subject: Certification of Permanent Cessation of Power
Operations, San Onofre Nuclear Generating Station, Units 2 and 3

Dear Sir or Madam:

On June 12, 2013, SCE submitted the referenced letter to the U.S. Nuclear Regulatory
Commission (NRC) certifying the permanent cessation of operations at San Onofre Nuclear
Generating Station (SONGS), Units 2 and 3, in accordance with 10 CFR 50.54(bb) and 10 CFR
50.82(a)(4)(i), Southern California Edison (SCE) is required to submit an Irradiated Fuel
Management Plan (IFMP), Site Specific Decommissioning Cost Estimate (DCE) and Post-
Shutdown Decommissioning Activities Report (PSDAR) within two years of permanent
cessation of operations.

The SONGS, Units 2 and 3 IFMP is attached. The DCE and PSDAR are being concurrently
submitted under separate cover letters. The IFMP represents SCE's current plans and is subject
to change as the project progresses. In particular, the Independent Spent Fuel Storage
Installation location, and storage equipment and vendor(s) have not been selected. The
decision making and procurement activities are underway but have not been finalized.

Changes to significant details will be included in subsequent revisions to the IFMP as required
by 10 CFR 50.54(bb). Financial assurance information will be provided on an annual basis as
required by 10 CFR 50.75(f)(1).

This letter does not contain any new commitments.

If there are any questions or if additional information is needed, please contact me or
Ms. Andrea Sterdis at (949) 368-9985.

Sincerely,

P.O. Box 128
San Clemente. CA 92672 0 D
(949) 368-6575 PAX 86575
Fax: (949) 368-6183
Toni.Palmisano@sce.comn
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Enclosure: San Onofre Nuclear Generating Station Units 2 and 3 Irradiated Fuel Management
Plan

cc: M. L. Dapas, Regional Administrator, NRC Region IV
T. J. Wengert, NRC Project Manager, SONGS, Units 2 and 3
T. J, Warnick, NRC Project Manager, San Onofre Units 2 and 3 Decommissioning
R. E. Lantz, NRC Region IV, San Onofre Units 2 and 3
S. Y. Hsu, California Department of Health Services, Radiologic Health Branch

2
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I. Background and Introduction

On June 12, 2013, Southern California Edison (SCE) submitted a letter to the U.S.
Nuclear Regulatory Commission (NRC) (Reference 1) certifying the permanent
cessation of operations at San Onofre Nuclear Generating Station (SONGS) Units 2
and 3 effective June 7, 2013, in accordance with 10 CFR 50.82(a)(1)(i). All fuel was
removed from the SONGS Units 2 and 3 reactor vessels and placed in their respective
spent fuel pools as certified in accordance with 10 CFR 50.82(a)(1)(ii) (References 2
and 3).

Pursuant to 10 CFR 50.54(bb), licensees are required to submit a plan for the
management of irradiated fuel until title and possession of the fuel is transferred to the
Secretary of Energy for its ultimate disposal in a repository. The Irradiated Fuel
Management Plan (IFMP) is required to be submitted to the Commission either five
years before expiration of the Operating License or within two years following
permanent cessation of operations, whichever occurs first. Therefore, the SONGS
Units 2 and 3 plans are required to be submitted prior to June 7, 2015, two years
following the cessation of operations. This submittal constitutes SCE's IFMP for
SONGS Units 2 and 3, submitted on behalf of itself and the other SONGS Participants
responsible for the funding of the SONGS decommissioning. The other SONGS
Participants are the City of Anaheim, the City of Riverside, and San Diego Gas &
Electric Company (SDG&E).

EnergySolutions, LLC has prepared a site-specific decommissioning cost estimate
(DCE) for SONGS Units 2 and 3 (Reference 15). The DCE identifies the details,
schedules, and costs of spent fuel management activities associated with the IFMP,
along with license termination and site restoration activities and costs. This DCE is
being submitted concurrent with the Post-Shutdown Decommissioning Activities Report
(PSDAR, Reference 4) and this plan. The assumptions regarding the United States
Department of Energy (US DOE) acceptance of irradiated fuel is consistent with the
EnergySolutions DCE and is based on testimony filed with the California Public Utility
Commission (Reference 13). The SONGS Units 2 and 3 DCE and this IFMP are based
on commencement of industry-wide acceptance of spent fuel by US DOE in 2024.
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II. Irradiated Fuel Management Strategy

The safe initial interim storage of SONGS Units 2 and 3 irradiated fuel will be "wet
storage" in each unit's respective spent fuel pool. The spent fuel pools will be isolated
from their normal support systems and those systems replaced by stand-alone cooling
and filtration units (also termed a "spent fuel pool island"). Doing so facilitates earlier
system abandonment and parallel decommissioning activities.

Subsequently, all irradiated fuel in the SONGS Units 2 and 3 spent fuel pools will be
safely transferred to "dry storage" at the common Independent Spent Fuel Storage
Installation (ISFSI) located on the SONGS site. Dry storage is also considered interim
storage pending transfer to the US DOE.

A total of 1,726 irradiated fuel assemblies have been generated in SONGS Unit 2 and
1,734 irradiated fuel assemblies have been generated in SONGS Unit 3, for a total of
3,460 irradiated fuel assemblies. At present, 792 SONGS Units 2 and 3 irradiated fuel
assemblies have already been transferred to the common ISFSI. The remaining 2,668
irradiated fuel assembles will be loaded into Dry Shielded Canisters (DSCs) and
transferred to the ISFSI.

The current ISFSI is located inside the Owner Controlled Area. It was constructed to
accommodate SONGS Unit 1 irradiated fuel and provides additional capacity for a
limited amount of SONGS Units 2 and 3 irradiated fuel.

The ISFSI currently contains 18 DSCs storing Unit 1 fuel and Greater than Class C
(GTCC) waste. The ISFSI also contains 33 DSCs which store Units 2 and 3 fuel. All of
the fuel on the ISFSI is stored in Transnuclear NUHOMS Model Number-24PT1 or PT4
DSCs.

The major IFMP activity phases, including start and end dates and associated costs for
each period are identified in Table 1. The identified Spent Nuclear Fuel (SNF) Periods
are developed in and align with the site-specific DCE (Reference 15).

The current plans are to obtain necessary permits for the ISFSI to be expanded to
accommodate the remaining inventory of the SONGS Units 2 and 3 spent fuel pools.
SONGS plans to commence the movement of irradiated fuel from the Unit 2 and Unit 3
pools to the ISFSI in 2017. SONGS expects to complete the transfer in 2019. Additional
DSCs will be procured from one or more of the available dry storage system suppliers
beginning in 2014. An additional 47 DSCs will be required for the SONGS Unit 2
irradiated fuel and an additional 44 DSCs will be required for the SONGS Unit 3

Page 2 of 12
Revision 0

SCE-SER 000040

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-1, Page 44 of 291
(44 of 2110)

hibbd
Highlight
Subsequently, all irradiated fuel in the SONGS Units 2 and 3 spent fuel pools will be

safely transferred to "dry storage" at the common Independent Spent Fuel Storage

Installation (ISFSI) located on the SONGS site. Dry storage is also considered interim

storage pending transfer to the US DOE.



hibbd
Highlight
The current plans are to obtain necessary permits for the ISFSI to be expanded to

accommodate the remaining inventory of the SONGS Units 2 and 3 spent fuel pools.

SONGS plans to commence the movement of irradiated fuel from the Unit 2 and Unit 3

pools to the ISFSI in 2017. SONGS expects to complete the transfer in 2019. Additional

DSCs will be procured from one or more of the available dry storage system suppliers

beginning in 2014. An additional 47 DSCs will be required for the SONGS Unit 2

irradiated fuel and an additional 44 DSCs will be required for the SONGS Unit 3





SONGS Units 2 and 3 Irradiated Fuel Management Plan

irradiated fuel (depending on the capacity of the selected system and the number of
DSCs needed to store GTCC waste and other materials). The spent fuel pool inventory
is forecast to be transferred to the ISFSI no later than the end of 2019.

The US DOE Standard Contracts for acceptance and disposal of spent nuclear fuel and
high level waste contain the basis for the initial ranking of industry-wide spent fuel
acceptance obligations based upon the date of permanent removal of the spent nuclear
fuel from service ("oldest fuel first" allocation). Those Standard Contracts also contain
provisions allowing for "exchanges" of acceptance obligations, and priority for retired
units. Given the US DOE's lack of performance, a common assumption for purposes of
this fuel management plan is to base acceptance projections upon application of an
"oldest fuel first" allocation scheme to a projected start date for repository operations.
This plan is based upon a 2024 start date (Reference 13) for US DOE acceptance of
spent fuel from the industry and the SONGS Units 2 and 3 positions in the queue. As
indicated in Table 3, SCE is therefore assuming all fuel will be removed from the
SONGS site as of 2049. Based on this assumption, the ISFSI will be subsequently
decommissioned by the 2051 final license termination date.

Ill. Financial Assurance

The regulations (10 CFR 50.54(bb)) also require that funding adequacy be
demonstrated to support the irradiated fuel management plan.

The cost of twelve (12) additional DSCs to be stored on the current ISFSI was funded
from sources other than the Nuclear Decommissioning Trusts (NDT) (Reference 5), as
are the costs associated with ongoing storage of Unit 1 spent fuel at the GE-Hitachi
Nuclear America LLC's Morris Operation ISFSI located in Morris, Illinois. Table 1
includes the costs of procurement and construction of the expanded ISFSI capacity and
all loading costs. Operation of the spent fuel pools is modeled as being discontinued in
2019 after all of the fuel has been transferred to dry storage. ISFSI operations continue
until the US DOE is able to complete the transfer of the SONGS fuel to a repository or
interim storage facility, which is currently assumed to occur by 2049.

SONGS management is committed to providing consistent and up-to-date information to
all of its stakeholders and regulators. Aspects of the SONGS Nuclear Decommissioning
Trust Fund are regulated by both the California Public Utilities Commission (CPUC) and
the NRC. Previous Decommissioning Cost Estimates (DCEs) were updated and
submitted to the CPUC as part of the Nuclear Decommissioning Cost Triennial
Proceedings (Reference 5). Financial assurance reports including the balances and
expenditures for SONGS Unit 1 were supplied to the NRC (as required by 10 CFR
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50.82(a)(8)(v)) annually (most recently in Reference 6) and balances for SONGS Units
2 and 3 were submitted on a biennial basis (as required by 10 CFR 50.75(f)(1)) (most
recently in Reference 7). Reports regarding ISFSI costs and decommissioning funding
assurance for these costs were summarized triennially as required by 10 CFR 72.30(c)
(most recently in Reference 8). Going forward, balances and expenditures will be
supplied annually to the NRC for all three units and the ISFSI.

An updated site-specific DCE will be concurrently submitted to the NRC. As
summarized in Table 1, this plan is based on decommissioning and the termination of
the license by 2051, approximately 38 years following the permanent cessation of
operations. The summary in Table 1 includes the funds for dry storage through 2049
and final release of the ISFSI in 2051.

Tables 4A and 4B summarize the estimated annual spending for all decommissioning

activities (License Termination, Spent Fuel Management, and Site Restoration), and
combined NDT current balances in 2014 dollars. Table 2 reflects key tasks addressed
by the NRC staff in a recent safety evaluation.

The total of all Nuclear Decommissioning Trust funds balances for SONGS Units 2 and
3 was $3,926 million as of December 31, 2013 (Reference 9). Evaluation of the
projected cash flows assuming earnings on existing balances as permitted by NRC
regulations demonstrates the adequacy of the existing funds to cover all aspects of
decommissioning, including the costs of irradiated fuel management. This
demonstrates that the balance in the decommissioning trust is adequate to fund all
aspects of decommissioning as well as the costs of irradiated fuel management. As
decommissioning proceeds the DCE will be updated as appropriate and annual updates
of spending and trust fund balances will be docketed as required.

IV. Regulatory Activities

The IFMP assumes that the SONGS Participants will make withdrawals from their
nuclear decommissioning trusts for spent fuel management purposes. The SONGS
Participants have collected funds from ratepayers and accumulated funds in the nuclear
decommissioning trusts for the purpose of funding three primary categories of costs: (1)
License Termination; (2) Spent Fuel Management; and (3) Site Restoration. On
November 18, 2013, SCE filed a Tier 3 Advice Letter (Reference 10) with the CPUC to
obtain authorization for the use of funds in the near term and to establish processes for
further CPUC oversight of withdrawals from the nuclear decommissioning trusts. On
February 21, 2014, SDG&E filed a similar letter (Reference 14) with the CPUC. In
addition to authorizing and overseeing the withdrawals, the CPUC is expected to
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designate the specific amounts from the existing fund balances that are available for
License Termination and therefore subject to 10 CFR 50.82(a)(8)(i)(A) and 10 CFR
50.75(h)(2). The fund balances would then be allocated to separate subaccounts within
each trust fund and, as such, available for spent fuel management and site restoration,
consistent with the requirements of 10 CFR 50.75, 10 CFR 50.82, and 10 CFR 72.30.

To confirm such access, SCE requested (Reference 11) an exemption from 10 CFR
50.75 and 50.82 to authorize the use of trust funds to pay for spent fuel management
and site restoration including other transitional costs. The regulations limit the use of the
nuclear trust fund to decommissioning costs. This exemption was granted on
September 5, 2014 (Reference 12).

The SONGS Participants responsible for decommissioning will periodically review the

amount of cash contributions required for the decommissioning fund to ensure that
withdrawals do not inhibit the ability of the licensee to complete NRC License
Termination, Spent Fuel Management, and Site Restoration. The SONGS Participants
will obtain authorization as necessary through the ratemaking processes to provide for
further contributions if required.

In accordance with 10 CFR 50.82(a)(8)(vii), SONGS will annually submit to the NRC by
March 3 1 st a report on the status of the funding for managing spent fuel. The report will
include, current through the end of the previous calendar year, the amount of funds
accumulated to cover the cost of managing the spent fuel, the projected cost of
managing spent fuel until title to the fuel and possession of the fuel is transferred to the
Secretary of Energy, and if the funds accumulated do not cover the projected cost, a
plan to provide additional funding assurance using one of the methods allowed by NRC
regulations.
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SONGS Units 2 and 3 Irradiated Fuel Management Plan

11. Letter from Tom J. Palmisano, Southern California Edison, to U. S. Nuclear Regulatory
Commission, Subject: San Onofre Nuclear Generating Station Units 2 and 3, Access to
Nuclear Decommissioning Trust Funds, dated February 13, 2014

12. Letter from Thomas Wengert, Nuclear Regulatory Commission to Tom J. Palmisano,
Southern California Edison, Granting Exemptions from the Requirements of 10 CFR 50,
Sections 50.82(a)(8)(i)(A) and 50.75(h)(2) (TAC Nos. MF3544 an MF 3545) dated
September 5, 2014

13. Testimony on Nuclear Decommissioning of SONGS 2 & 3 and Palo Verde, exhibit No. SCE-
2, dated December 21, 2012

14. Letter from Clay Faber, San Diego Gas & Electric, to Public Utilities Commission of the State
of California submitting a Tier 3 Advice Letter Requesting (1) Designation of SONGS 2&3
Costs Incurred During and After June 2013 As Decommissioning Costs Eligible for Payment
with Trust Funds; (2) Authorization of Disbursements from the Master Trusts for San Onofre
Nuclear Generating Station; (3) Approval of Tier 2 Advice Letter Process for Future Trust
Disbursements; (4) Acknowledgement That Funds Have Been Collected From
Ratepayers and Have Been Accumulating In The Trusts To Be Used for NRC and Non-NRC
Jurisdictional Decommissioning Cost Categories; and (5) Designation of an Allocation of the
SDG&E SONGS 2&3 Trusts Among the Major Decommissioning Cost Categories, dated
February 21, 2014

15. EnergySolutions Document No. 164001, "2014 Decommissioning Cost Analysis of the San
Onofre Nuclear Generating Station Units 2 and 3"
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SONGS Units 2 and 3 Irradiated Fuel Management Plan

Table 1

Irradiated Fuel Management Plan - Summary Schedule

Cost and Schedule Summary
(2014 Dollars in thousands)

Spent Fuel 10 CFR 50.54(bb)

Period No. Period Description Start End Years Unit 2 Unit 3 Total Cost
Cost Cost

SNF Pd 1 Spent Fuel Management Transition 6/7/2013 12/31/2013 0.56 $63,891 $66,105 $129,997
SNF Pd 2 Spent Fuel Transfer to Dry Storage 1/1/2014 6/1/2019 5.41 $344,629 $372,193 $716,822

SNF Pd 3 Dry Storage During Decommissioning - 6/1/2019 12/5/2031 12.51 $61,425 $61,425 $122,849
Units 1, 2 and 3

SNF Pd 4 Dry Storage Only - Units 1, 2 and 3 12/5/2031 12/31/2035 4.07 $29,383 $29,383 $58,765
SNF Pd 5 Dry Storage Only - Units 2 and 3 12/31/2035 12/31/2049 14.00 $107,326 $107,326 $214,653

SNF D&D Pd 1 ISFS1 License Termination 12/31/2049 5/6/2050 0.34 $1,260 $1,260 $2,520
SNF D&D Pd 2 ISFS1 Demolition 5/6/2050 9/8/2051 1.34 $15,295 $15,295 $30,590

_ Category Total 1 138.23 1$623,209 [$652,987 1$1,276,196
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SONGS Units 2 and 3 Irradiated Fuel Management Plan

Table 2
Major Fuel Management Tasks

Major Fuel Management Task Direct Explanatory or Additional Details Estimate Schedule

Costs in DCE in DCE

(Note 1) (in Thousands)

* Estimated cost for Islanding $ 22,183
Estimated Costs to isolate spent fuel e No additional costs are required 6/2015
pools and fuel handling systems for fuel handling systems. Cranes (Note 2)

are single-failure proof

* ISFSI in operation; so, current

costs are for wet/dry combination. $ 396,391
Estimated cost to construct an ISFSl 0 Costs are associated with capacity 6/2019
or a combination of wet/dry storage expansion (pad and associated (Note 3)

facility costs, DSCs and HSMs).

* Operational and maintenance
costs are NOT readily separable

Estimated annual cost for the (fuel storage support vice other
operation of the selected option demands); but, are included in

Table 4 cash flows.

Estimated cost for preparation, * Off-site transportation costs are $ 6,742 Thru
packaging and shipping of fuel to part of contract with US DOE.
DOE (Note 4) 12/2049

Estimated cost to decommission the * Funded from both Unit 1 and $ 33,110 2049-

ISFSI Units 2&3 Decommissioning Trust 2051
Funds. (Note 5)

* See Section II for selected
Brief discussion of selected storage method N/ N/A

method or methods and estimated methods. N/A N/A

time frame for these activities * See Table 1 for time frames.

Notes:

1. Tasks from NRC Safety Evaluation (SE) on Kewaunee Integrated Fuel Management Plan dated, September 28,
2009, publically available under ADAMS Accession No. ML092321079

2. Cost based on DCE, DECON Pd 2, Items 2.23 through 2.30
3. Cost based on DCE, SNF Pd 2, Items 8.05 through 8.13
4. Cost based on SNF Pd 4 and SNF Pd 5, Item 2.03
5. Cost based on DCE, total of SNF D&D Pd 1 and SNF Pd 2
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SONGS Units 2 and 3 Irradiated Fuel Management Plan

Table 3

SONGS Unit 2 & Unit 3
Spent Fuel Shipping Schedule

2024 DOE Acceptance

On-Site Inventory (Beginning of the Year) On-Site Transfers (During Off-Site Transfers (During Year)
Year)______

Unit 2& 3 Units 2 &3 Units 2& 3 Units 2 Unit 2& 3
Fuel Fuel Fuel &3 Fuel Unit 2 & 3 Unit 2 Unit 3 Unit 2 & 3 Unit 2 & 3

Assemblies Assemblies Assemblies Canisters Assemblies Canisters Assemblies Assemblies Assemblies Canisters
in Wet in Dry in On-Site in Transferred Transferred Transferred Transferred Transferred Transferred

Year Storage Storage Storage ISF51 to SF51 to SFS1 to DOE to DOE to DOE to DOE
2014 2668 792 3460 33 0 0 0 0 0 0
2015 2668 792 3460 33 0 0 0 0 0 0
2016 2668 792 3460 33 0 0 0 0 0 0
2017 2668 792 3460 33 768 24 0 0 0 0
2018 1900 1560 3460 57 1536 48 0 0 0 0
2019 364 3096 3460 105 364 13 0 0 0 0
2020 0 3460 3460 118 0 0 0 0 0 0
2021 0 3460 3460 118 0 0 0 0 0 0
2022 0 3460 3460 118 0 0 0 0 0 0
2023 0 3460 3460 118 0 0 0 0 0 0
2024 0 3460 3460 118 0 0 0 0 0 0
2025 0 3460 3460 118 0 0 0 0 0 0
2026 0 3460 3460 118 0 0 0 0 0 0
2027 0 3460 3460 118 0 0 0 0 0 0
2028 0 3460 3460 118 0 0 0 0 0 0
2029 0 3460 3460 118 0 0 0 0 0 0
2030 0 3460 3460 118 0 0 48 48 96 4
2031 0 3364 3364 114 0 0 192 96 288 12
2032 0 3076 3076 102 0 0 120 120 240 10
2033 0 2836 2836 92 0 0 0 96 96 4
2034 0 2740 2740 88 0 0 112 120 232 8
2035 0 2508 2508 80 0 0 96 96 192 6
2036 0 2316 2316 74 0 0 128 96 224 7
2037 0 2092 2092 67 0 0 0 0 0 0
2038 0 2092 2092 67 0 0 96 128 224 7
2039 0 1868 1868 60 0 0 96 96 192 6
2040 0 1676 1676 54 0 0 96 96 192 6
2041 0 1484 1484 48 0 0 0 0 0 0
2042 0 1484 1484 48 0 0 96 96 192 6
2043 0 1292 1292 42 0 0 96 96 192 6
2044 0 1100 1100 36 0 0 96 96 192 6
2045 0 908 908 30 0 0 128 96 224 7
2046 0 684 684 23 0 0 96 128 224 7
2047 0 460 460 16 0 0 96 230 326 11
2048 0 134 134 5 0 0 0 0 0 0
2049 0 134 134 5 0 0 134 0 134 5
20S0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0

Note: The number of canisters listed are for storage of irradiated fuel not GTCC waste.
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Table 4A
SONGS Unit 2

Decommissioning Funding Plan

Total
Radiological Spent Fuel Site Total Available

Year Decontamination Management Restoration Decommissioning Funds
Decotamnatin MnageentCosts

2013 $25,749 $63,891 $49,067 $138,706 $1,847,000
2014 $79,799 $35,719 $15,089 $130,607
2015 $69,196 $106,308 $7,439 $182,943
2016 $54,541 $59,308 $3,730 $117,579
2017 $111,903 $59,308 $1,957 $173,168
2018 $47,520 $59,308 $0 $106,828
2019 $108,328 $27,554 $13,539 $149,420

2020 $185,482 $4,908 $36 $190,426
2021. $79,081 $4,908 $36 $84,026
2022 $54,785 $4,908 $1,927 $61,621
2023 $158,207 $4,908 $36 $163,151
2024 $37,930 $4,908 $16,848 $59.687

2025 $2,922 $4,908 $44,621 $52,451
2026 $2,922 $4,908 $19,412 $27,243
2027 $2,922 $4,908 $22,469 $30,299
2028 $2,922 $4,908 $31,688 $39,518
2029 $2,922 $4,908 $66,873 $74,704
2030 $2,922 $4,908 $71,867 $79,697
2031 $2,055 $5,089 $23,181 $30.325

2032 $2,122 $7,214 $0 $9,336
2033 $0 $7,214 $0 $7,214
2034 $0 $7,214 $0 $7,214
2035 $0 $7,228 $0 $7,228
2036 $0 $7,665 $0 $7,665
2037 $0 $7,665 $0 $7,665
2038 $0 $7,665 $0 $7,665

2039 $0 $7,665 $0 $7,665
2040 $0 $7,665 $0 $7,665
2041 $0 $7,665 $0 $7,665

2042 $0 $7,665 $0 $7,665
2043 $0 $7,665 $0 $7,665
2044 $0 $7,665 $0 $7,665
2045 $0 $7,665 $0 $7,665

2046 $0 $7,665 $0 $7,665
2047 $0 $7,665 $0 $7,665
2048 $0 $7,665 $0 $7,665
2049 $0 $7,667 $0 $7,667

2050 $0 $9,974 $20,177 $30,151
2051 $0 $6,573 $11,928 $18,500

2052 $0 $0 $1,377 $1,377
Notes: Costs are in 2014 dollars (in thousands) and are not escalated from the base year

SONGS Unit 2 Trust fund balances at end of 2013 were $1,847,000
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Table 4B
SONGS Unit 3

Decommissioning Funding Plan

Yer Radiological Spent Fuel Site Deommssonn Fundsbl
Yer Decontamination Management Restoration D commstsing Fud

2013 $26,566 $66,105 $49,067 $141,739 $2,079,400
2014 $78,964 $40,156 $15,969 $135,089
2015 $74,096 $112,024 $9,390 $195,509
2016 $61,451 $64,405 $25,227 $151,083
2017 $40,631 $64,405 $3,799 $108,835
2018 $86,348 $64,405 $0 $150,753
2019 $96,521 $29,675 $13,908 $140.014
2020 $120,873 $4,908 $2,135 $127,916
2021 $194,090 $4,908 $575 $199,574
2022 $135,313 $4,908 $2,467 $142,688
2023 $114,581 $4,908 $1,511 $121,000
2024 $26,874 $4,908 $36,778 $68,560
2025 $2,922 $4,908 $40,655 $48,485
2026 $2,922 $4,908 $21,676 $29,507
2027 $2,922 $4,908 $25,848 $33,678 _______

2028 $2,922 $4,908 $20,945 $28,776 _______

2029 1 $2,922 $4,908 $117,321 $125,151
2030 $2,922 $4,908 $116,672 $124,503
2031 $2,055 $5,089 $25,501 $32,645 ________

2032 $2,122 $7,214 $0 $9,336
2033 $0 $7,214 $0 $7,214
2034 $0 $7,214 $0 $7,214
2035 $0 $7,228 $0 $7,228 ________

2036 $0 $7,665 $0 $7,665
2037 $0 $7,665 $0 $7,665 _______

2038 $0 $7,665 $0 $7,665
2039 $0 $7,665 $0 $7,665
2040 $0 $7,665 $0 $7,665
2041 $0 $7,665 $0 $7,665 _______

2042 $0 $7,665 $0 $7,665
2043 $0 $7,665 $0 $7,665
2044 $0 $7,665 $0 $7,665
2045 $0 $7,665 $0 $7,665
2046 $0 $7,665 $0 $7,665
2047 $0 $7,665 $0 $7,665 _______

2048 $0 $7,665 $0 $7,665
2049 $0 $7,667 $0 $7,667
2050 $0 $9,974 $23,120 $33,094 _______

2051 $0 1 $6,573 $45,566 $52,139
2052 $0 $0 $1,377 1 $1,377
Notes: Costs are in 2014 dollars (in thiousands) and are not escalated from thle base year

SONGS Unit 3 Trust Fund balances at end of 2013 were $2,079,400
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SOUTHERN CALIFORNIA Thomas I. Palmisano

EDISON" Vice President & Chief Nuclear Officer

An EDISON INT-RNA DOINAL I Company

10 CFR 50.82(a)(4)(i)

September 23, 2014

U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington D.C. 20555-0001

Subject: Docket Nos. 50-361 and 50-362,
San Onofre Nuclear Generating Station, Units 2 and 3
Site Specific Decommissioning Cost Estimate

References:

1. Letter from P. T. Dietrich (SCE) to the U.S. Nuclear Regulatory Commission
dated June 12, 2013; Subject: Certification of Permanent Cessation of Power
Operations San Onofre Nuclear Generating Station, Units 2 and 3

2. Letter from Thomas J. Palmisano (SCE) to the U.S. Nuclear Regulatory
Commission dated February 13, 2014; Subject: Access to Nuclear
Decommissioning Trust Funds, San Onofre Nuclear Station, Units 2 and 3

3. Letter from Richard C. Brabec (SCE) to the U.S. Nuclear Regulatory
Commission dated March 12, 2014; Subject: Access to Decommissioning
Trust Funds, San Onofre Nuclear Generating Station Units 2 and 3

4. Letter from Richard C. Brabec (SCE) to the U.S. Nuclear Regulatory
Commission dated March 31, 2014; Subject: 10 CFR 50.75(f)(1)
Decommissioning Funding Status Report, San Onofre Nuclear Generating
Station Units 2 and 3

Dear Sir or Madam:

On June 12, 2013, in accordance with 10 CFR 50.82(a)(1)(i), Southern California Edison (SCE)
submitted a letter to the U.S. Nuclear Regulatory Commission (NRC) (Reference 1) certifying
the permanent cessation of operations at San Onofre Nuclear Generating Station (SONGS),
Units 2 and 3. In accordance with 10 CFR 50.54(bb) and 10 CFR 50.82(a)(4)(i), SCE is
required to submit an Irradiated Fuel Management Plan (IFMP), Site Specific Decommissioning
Cost Estimate (DCE) and Post-Shutdown Decommissioning Activities Report (PSDAR) within
two years of permanent cessation of operations.

The SONGS, Units 2 and 3 DCE is attached. The SONGS, Units 2 and 3 IFMP and PSDAR are
being concurrently submitted under separate cover letters. The DCE provides more current
estimates of annual cash flow than were previously provided in the Nuclear Decommissioning
Trust Fund Exemption Request (References 2 and 3) and annual funding assurance update
(Reference 4). Future filings with the California Public Utilities Commission will be based on the
SONGS, Units 2 and 3 DCE and subsequent revisions.

P.O. Box 128
San Clemente, CA 92672
(949) 368-6575 PAX 86575
Fax: (949) 368-6183
Tom. Pahnisano@sce.com
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The descriptions of decommissioning activities and phases in the DCE are consistent with those
described in the PSDAR. Both the DCE and PSDAR represent SCE's current plans and are
subject to change as the project progresses. Much of the third-party contracting activities
associated with decommissioning are underway but have not been finalized. As contracts are
finalized and SCE progresses through the actual work of the decommissioning project, various
risks will be realized or avoided and contingencies adjusted, accordingly.

Changes to significant details will be included in subsequent revisions to the DCE as required
by 10 CFR 50.54(bb). Financial assurance information will be provided on an annual basis as
required by 10 CFR 50.75(f)(1).

This letter does not contain any new commitments.

If there are any questions or if additional information is needed, please contact me or
Ms. Andrea Sterdis at (949) 368-9985.

Sincerely,

Enclosure: San Onofre Nuclear Generating Station Units 2 and 3 Site Specific
Decommissioning Cost Estimate

cc: M. L. Dapas, Regional Administrator, NRC Region IV
T. J. Wengert, NRC Project Manager, San Onofre Units 2 and 3 Decommissioning
R. E. Lantz, NRC Region IV, San Onofre Units 2 and 3

G. G. Warrick, NRC Senior Resident Inspector, San Onofre Units 2 and 3
S. Y. Hsu, California Department of Health Services, Radiologic Health Branch

2
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SONGS UNIT-2 AND UNIT-3
DECOMMISSIONING COST ESTIMATE

DESCRIPTION OF REVISION
MAJOR REVISION MINOR REVISION X
REVISION NUMBER - 1 EFFECTIVE DATE
9/5/2014
The revisions contained in this MINOR REVISION to the SONGS Unit-2 and Unit-3
Decommissioning Cost Estimate are minor in nature and do not revise or otherwise impact the
content or results of the cost estimate.
ITEM-1
A new Appendix-F is added to the DCE at the request of San Diego Gas & Electric Company
(SDG&E) in order to provide information regarding its internal decommissioning costs which it
expects to incur and to fund on its own behalf in addition to its 20% share of the
Decommissioning Cost Estimate.
ITEM-2
The APPENDICES section of the DCE Table of Contents is revised to include the new
APPENDIX-F SDG&E SONGS Decommissioning Costs (100%)
ITEM-3
Within the narrative section of the DCE the various appearances of the term "utility staff' have
been revised to include a parenthetic statement "(Licensee)" to clarify that the utility staff means
the NRC Licensee.
ITEM-4
On Table 6-1 "Cost and Schedule Summary" the title block for SPENT FUEL is revised to
include "(72.30)" since this section also contains cost elements associated with ISFSI
decommissioning.
ITEM-5
Added new SDG&E footnote for Table 1-1 referring to Appendix F

Electronic documents, once printed, are uncontrolled and may become outdated.
Refer to Document Control authority for the correct revision.
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2014 Decommissioning Cost Analysis of the Document No. 164001-DCE-001
San Onofre Nuclear Generating Station Units 2 & 3

1.0 EXECUTIVE SUMMARY

This report presents the 2014 Decommissioning Cost Estimate (DCE) Study of the San Onofre
Nuclear Generating Station (SONGS) Units 2 & 3, hereinafter referred to as the 2014 Cost
Study. The San Onofre Nuclear Generating Station is operated by the Southern California
Edison Company (SCE).

On June 7, 2013, SCE announced its intention to permanently cease power generation operations
and shut down SONGS Units 2 & 3. Units 2 & 3 had not produced power since January 9, 2012
and January 31, 2012, respectively. SCE now has the responsibility to decommission the site. In
January 2014 SCE contracted with EnergySolutions to evaluate decommissioning alternatives
and assist in the development of a detailed project schedule and DCE to support the preparation
and submittal of a Post Shutdown Decommissioning Activities Report (PSDAR) in accordance
with 10 CFR 50.82(a)(4)(i), which requires that a PSDAR be submitted within two years
following the permanent cessation of operations.

This study has been performed to furnish an estimate of the costs for: (1) decommissioning
SONGS Units 2 & 3 to the extent required to terminate the plant's operating license pursuant to
10 CFR 50.75(c); (2) post-shutdown management of spent fuel until acceptance by the U.S.
Department of Energy (DOE) pursuant to 10 CFR 50.54(bb); (3) demolition of uncontaminated
structures and restoration of the site in accordance with the United States Department of Navy
Grant of Easement (Ref. No. 14); and the California State Lands Commission Easement Lease
(Ref. No. 15); and (4) Independent Spent Fuel Storage Installation (ISFSI) decommissioning
pursuant to 10 CFR 72.30. This study includes SCE's actual costs incurred in the transitional
periods following cessation of permanent operations on June 7, 2013 until December 31, 2013.
Costs presented herein commencing on January 1, 2014 are estimated.

SCE's December 2012 testimony to the CPUC provided the basis for the current spent fuel
management costs. SCE is continuing to review available information from the DOE to
determine if the DOE start date assumption of 2024 requires updating. The DCE will be revised
accordingly as new information becomes available.

Accordingly, the costs and schedules for all activities are segregated for regulatory purposes as
follows: costs for "License Termination" (10 CFR 50.75(c)); costs for "Spent Fuel Management"
(10 CFR 50.54(bb)); costs for "Site Restoration" (clean removal and site restoration) final site
conditions; and costs for "ISFSI Decommissioning" (10 CFR 72.30). EnergySolutions has
established a Work Breakdown Structure (WBS) and cost accounting system to differentiate
between these project accounts.

This study analyzes the following technical approach to decommissioning as defined by SCE:

" DECON methodology.

" Permanent cessation of operations on June 7, 2013.

" Termination of spent fuel pool operation six years after permanent shutdown.

" Spent fuel will be stored in Multi-Purpose Canisters (MPCs) at an on-site
Independent Spent Fuel Storage Installation (ISFSI).
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" A dry transfer facility will not be necessary for transfer of SNF canisters for
transport.

" DOE begins accepting spent fuel from the industry in 2024 and completes the
removal of all SONGS spent fuel by 2049.

" Decommissioning will be performed by a Decommissioning General Contractor
(DGC) with oversight by the SONGS participants.

" Incorporation of Life-of-Plant (LOP) Disposal Rates for Class A Low-Level
Radioactive Waste (LLRW).

" Incorporation of disposal rates for Class B and C LLRW based on recent quotes
for disposal at the Waste Control Specialists LLC (WCS) site in Andrews County,
Texas.

The cost estimate results are provided in Table 1-1. Table 1-1 gives License Termination costs
(which correspond to 10 CFR 50.75 (c) requirements); Spent Fuel Management costs (which
correspond to 10 CFR 50.54 (bb) requirements); and Site Restoration costs (which correspond to
activities such as clean building demolition and site grading and end-state preparation as required
under the Site Easement).

Table 1-1
Decommissioning Cost Summary12

(2014 Dollars in Thousands)

License Termination 50.75(c) $1,034,230 $1,078,016 $2,112,246

Spent Fuel Management 50.54(bb) $623,209 $652,987 $1,276,196
Site Restoration $423,297 $599,507 $1,022,804

Totals $2,080,735 $2,330,511 $4,411,246

The estimate is based on site-specific plant systems and buildings inventories. These
inventories, and EnergySolutions' proprietary Unit Cost Factors (UCFs), were used to generate
required manhours, activity schedule hours and costs, and waste volume, weight, and
classification. Based on the activity schedule hours and a decommissioning activities analysis, a
Critical Path Method (CPM) analysis was performed to determine the decommissioning
schedules. These schedules reflect the effects of sequenced activity-dependent or distributed
decommissioning elements such as planning and preparations, major component removal,
building decontamination, and spent fuel shipping. The schedules are divided into project phases
(periods) and presented, as noted previously, by cost account "License Termination," "Spent
Fuel Management," or "Site Restoration." The summary is shown in Figure 1-1, and may also
be found in Section 6.0 of this report.

In addition, the Decommissioning Cost Summary in Table 1-1 does not include separate internal costs that San
Diego Gas & Electric Company (SDG&E) has indicated that it expects to incur. SDG&E provides information
regarding these costs in Appendix F
2 Rows and columns may not add correctly due to rounding.
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Figure 1-1
Summary Schedule
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2.0 INTRODUCTION

2.1 Study Objective

This report presents the 2014 Decommissioning Cost Estimate Study of the San Onofre Nuclear
Generating Station (SONGS) Units 2 & 3, hereinafter referred to as the 2014 Cost Study. The
San Onofre Nuclear Generating Station is owned by the Southern California Edison Company
(SCE), San Diego Gas & Electric Company, and the City of Riverside. A former owner, the City
of Anaheim, also has liability for decommissioning. SCE has provided the following
information regarding the liability by owner for SONGS decommissioning costs:

Cost Categories Owners
SDG&E Riverside Anaheim SCE

SONGS 1 20% 0% 0% 80%

SONGS 2 20% 1.79% 2.4737% 75.7363%

SONGS 3 20% 1.79% 2.4625% 75.7475%

Common Facilities (Units 2 & 3) 20% 1.79% 2.4681% 75.7419%

SONGS 1 Fuel 20% 0% 0% 80%

SONGS 2/3 Fuel 20% 1.79% 2.3398% 75.8702%

ISFSI Maintenance and D&D 20% 1.6066% 2.2686% 76.1248%

San Diego Switchyard 100% 0% 0% 0%
Edison Switchyard 0% 0% 0% 100%

Interconnection Facilities 50% 0% 0% 50%

Nuclear Fuel Cancellation Charges 20% 1.79% 0% 78.21%

This study has been performed to support the development of a site-specific PSDAR and furnish
an estimate of the costs for (1) decommissioning SONGS Units 2 & 3 to the extent required to
terminate the plant's operating license, (2) post-shutdown management of spent fuel until
acceptance by the U.S. Department of Energy (DOE), (3) demolition of uncontaminated
structures and restoration of the site in accordance with the U.S. Department of Navy Grant of
Easement (Ref. No. 14), and the California State Lands Commission Easement Lease (Ref. No.
15), and (4) Independent Spent Fuel Storage Installation (ISFSI) decommissioning. This study
also includes SCE's actual costs incurred in the transitional periods following cessation of
permanent operations until December 31, 2013. Estimated costs begin on January 1, 2014.

The study methodology follows the basic approach originally presented in the Atomic Industrial
Forum/National Environmental Studies Project Report AIF/NESP-036, "Guidelines for
Producing Commercial Nuclear Power Plant Decommissioning Cost Estimates," (Ref. No. 2).
The report was prepared in accordance with Nuclear Regulatory Commission (NRC) Regulatory
Guide 1.202, "Standard Format and Content of Decommissioning Cost Estimates for Nuclear
Power Reactors," (Ref. No. 3). The estimate is based on compliance with current regulatory
requirements and proven decommissioning technologies.
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NRC requirements, set forth in Title 10 of the Code of Federal Regulations (CFR), differentiate
between the post-shutdown costs associated with the decommissioning of the nuclear plant
facility, those associated with storage of spent fuel on-site, and those associated with the
decommissioning of the spent fuel storage facility. The Code of Federal Regulations, however,
does not address the entire scope of the decommissioning liability for each nuclear facility. 10
CFR 50.75(c) requires funding by the licensee(s) of the facility for the decommissioning
program, but specifically excludes the cost of removal and disposal of spent fuel and structures
that do not require disposal as radioactive material. 10 CFR 50.75(c) also excludes the cost of
site restoration activities that do not involve the removal of residual radioactivity necessary to
terminate the NRC license(s). 10 CFR 50.54 (bb) requires funding by the licensee(s) "for the
management of all irradiated fuel at the reactor upon expiration of the reactor operating
license(s) until title to the irradiated fuel and possession of the fuel is transferred to the Secretary
of Energy for its ultimate disposal in a repository." 10 CFR 72.30 requires funding for
decommissioning of the on-site spent fuel storage facility after the irradiated fuel is accepted by
the DOE.

In addition to the NRC Decommissioning requirements described above, the Site Easements
require the demolition and removal of all improvements installed on both the on-shore and off-
shore sites, including all substructures regardless of depth, and site restoration to the satisfaction
of the Grantors.

This study analyzes the following technical approach to decommissioning as defined by SCE and
the co-owners:

" DECON methodology.

" Permanent cessation of operations and commencement of decommissioning
planning on June 7, 2013.

" Termination of spent fuel pool operation within six years after permanent
shutdown.

" Spent fuel will be stored in transportable Multi-Purpose Canisters (MPCs) at an
on-site Independent Spent Fuel Storage Installation (ISFSI).

" A dry transfer facility will not be necessary for transfer of SNF canisters for
transport.

" DOE begins accepting spent fuel from the industry in 2024 and completes the
removal of all SONGS spent fuel by 2049.

" Decommissioning will be performed by a Decommissioning General Contractor
(DGC) with oversight by the SONGS participants.

In addition, this study includes the following assumptions:

" Incorporation of EnergySolutions' Life-of-Plant (LOP) Disposal Rates for Class A
Low-Level Radioactive Waste (LLRW), (Ref. No. 7).

" Incorporation of disposal rates for Class B and C LLRW based on recent quotes
for disposal at the Waste Control Specialists LLC (WCS) site in Andrews County,
Texas.
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2.2 Regulatory Framework

Provisions of current laws and regulations affecting decommissioning, waste management, and
spent fuel management are as follows:

1. NRC regulations require a license for on-site storage of spent fuel. Wet storage in
a spent fuel pool is authorized by a facility's 10 CFR Part 50 license. On-site dry
storage of spent fuel at an Independent Spent Fuel Storage Installation (ISFSI) is
licensed by either: (a) the general license set forth in 10 CFR 72.210, which
requires that a Part 50 license be in place; or (b) a site-specific ISFSI license
issued pursuant to 10 CFR Part 72.

2. 10 CFR 50.75(c) requires funding by the licensee(s) of the facility for
decommissioning.

3. 10 CFR 50.54 (bb) requires the licensee(s), within two years following permanent
cessation of operation of the reactor or five years before expiration of the
operating license(s), whichever occurs first, to submit written notification to the
NRC for its review and preliminary approval of the program by which the
licensee intends to manage and provide funding "for the management of all
irradiated fuel at the reactor upon expiration of the reactor operating license until
title to the irradiated fuel and possession of the fuel is transferred to the Secretary
of Energy for its ultimate disposal in a repository."

4. 10 CFR 961 (Ref. No. 4), Appendix E, requires spent fuel to be cooled for at least
five years before it can be accepted by DOE as "standard spent fuel."

5. 10 CFR 72.30 requires funding by the licensee(s) for termination of the ISFSI

license.

Decommissioning Alternatives

The three basic methods for decommissioning are DECON, SAFSTOR, and ENTOMB, which
are summarized as follows:

1. DECON: The equipment, structures, and portions of the facility and site that
contain radioactive contaminants are promptly removed or decontaminated to a
level that permits termination of the license after cessation of operations.

2. SAFSTOR: The facility is placed in a safe, stable condition and maintained in that
state (safe storage). The facility is decontaminated and dismantled at the end of
the storage period to levels that permit license termination. NRC regulations
require decommissioning to be completed within 60 years of cessation of
operation.

3. ENTOMB: Radioactive structures, systems, and components are encased in a
structurally long-lived substance, such as concrete. The entombed structure is
appropriately maintained and monitored until radioactivity decays to a level that
permits termination of the license. Since entombment will exceed the requirement
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for decommissioning to be completed within 60 years of cessation of operation,
NRC handles entombment requests on a case-by-case basis.

Post-Shutdown Spent Fuel Management Alternatives

The options for long-term post-shutdown spent fuel management currently available to power
plant operators are (1) wet storage consisting of continued maintenance and operation of the
spent fuel pool, and (2) dry storage consisting of transfer of spent fuel from the fuel pool to on-
site. dry storage modules after a cooling period or any combination of the two as is the present
case at SONGS. Maintaining the spent fuel pool for an extended duration following cessation of
operations prevents termination of the Part 50 license and typically has a higher annual
maintenance and operating cost than the dry storage alternative. Transfer of spent fuel to an
ISFSI requires additional expenditures for purchase and construction of the ISFSI and
dismantlement and disposal of the ISFSI following completion of spent fuel transfer to DOE.

The spent fuel shipping schedules furnished by SCE for this study are based on projections that
DOE will commence accepting spent fuel from domestic commercial nuclear power plants in
2024, and that the DOE will accept spent fuel at the rate published in DOE's July 2004
Acceptance Priority Ranking & Annual Capacity Report (DOE/RW-0567) (Ref. No. 12). These
assumptions are in accordance with SCE testimony to the Public Utilities Commission of the
State of California (Ref. No. 17). Additionally, SCE is reviewing available information from the
DOE to determine if the DOE start date assumption requires updating. The DCE will be revised
accordingly as new information becomes available.
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3.0 STUDY METHODOLOGY

3.1 General Description

EnergySolutions maintains a proprietary decommissioning cost model based upon the
fundamental technical approach established in AIF/NESP-036, "Guidelines for Producing
Commercial Nuclear Power Plant Decommissioning Cost Estimates," dated May 1986 (Ref. No.
2). The cost model has been updated frequently in accordance with regulatory requirements and
industry experience. The cost model includes elements for estimating distributed and
undistributed costs. Distributed costs are activity specific and include planning and preparation
costs as well as costs for decontamination, packaging, disposal, and removal of major
components and systems. For example, costs for the segmentation, packaging, and disposal of
the reactor internals are distributed costs. Undistributed costs, sometimes referred to as collateral
costs, are typically time dependent costs such as utility (Licensee) and decommissioning general
contractor staff, property taxes, insurance, regulatory fees and permits, energy costs, and security
staff.

The methodology for preparing cost estimates for a selected decommissioning alternative
requires development of a site-specific detailed work activity sequence based upon the plant
inventory. The activity sequence is used to define the labor, material, equipment, energy
resources, and duration required for each activity. In the case of major components, individual
work sequence activity analyses are performed based on the physical and radiological
characteristics of the component, and the packaging, transportation, and disposal options
available.

In the case of structures and small components and equipment such as piping, pumps, and tanks,
the work durations and costs are calculated based on UCFs. UCFs are economic parameters
developed to express costs per unit of work output, piece of equipment, or time. They are
developed using decommissioning experience, information on the latest technology applicable to
decommissioning, and engineering judgment. The total cost of a specific decommissioning
activity can be determined by multiplying the total number of units associated with that activity
by the UCF, expressed as $/unit, for that activity. For example, the estimated demolition cost of
a non-contaminated concrete structure can be obtained by multiplying the volume of concrete in
the structure by the UCF for non-contaminated reinforced concrete demolition, expressed in
$/unit volume. Each UCF has associated with it a man-hours/unit and schedule-hours/unit.
From these values, total man-hours and total schedule-hours can be estimated for a particular
activity.

3.2 Schedule Analysis

After the work activity durations are calculated for all distributed activities, a critical path
schedule analysis is performed using MS Project. The schedule accounts for constraints such as
spent fuel cooling periods and regulatory reviews. The schedule is typically delineated into
phases or time periods (hereinafter referred to as period or periods) that differentiate manpower
requirements and undistributed costs.

In order to differentiate between License Termination, Spent Fuel, and Site Restoration elements
of the entire decommissioning scope of work, EnergySohltions has established a Work
Breakdown Structure (WBS) and cost accounting system to treat each element as a subproject.
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Accordingly, the overall project schedule is divided into interrelated periods with major
milestones defining the beginning and ending of each period. The major milestones also serve as
the basis for integrating the periods of the three subprojects.

3.3 Decommissioning Staff

EnergySolutions has assumed that the SONGS Units 2 and 3 decommissioning project will be
performed in an efficiently planned and executed manner using project personnel experienced in
decommissioning. This DCE assumes that the decommissioning will be performed by a highly
experienced and qualified DGC, with oversight and management of the decommissioning
operations performed by the Licensee staff. It is also assumed that the Utility (Licensee) staff
will be supplemented by a professional consulting engineering firm, particularly in the planning
and preparation phase.

EnergySolutions analyzed the SONGS licensee staff and developed a site-specific staffing plan.
The SCE existing salary structure was then used as the basis for calculating Utility (Licensee)
staff labor costs. EnergySolutions used industry data to develop DGC salary costs.

Staffing levels, for both staffing plans and for each project period, are based on the Atomic
Industrial Forum (AIF) guidelines and industry experience. The sizes of the staffs are varied in
each period in accordance with the requirements of the work activities. Staffing has been
organized into the following departments or functional groups:

" Decommissioning
" Engineering
" Maintenance and Work Control
" Operations
" Oversight and Nuclear Safety
" Radiation Protection and Chemistry
" Regulatory and Emergency Planning
" Safety and Human Performance
" Security Administration
" Security Guard Force
" Site Management and Administration
" Additional Staff for Spent Fuel Shipping
" DGC Staff

3.4 Waste Disposal

Waste management costs comprise a significant portion of the decommissioning cost estimate.
Additionally, limited future access to disposal sites licensed for receipt of Class B and C wastes
introduces a significant level of uncertainty with respect to the appropriateness of using existing
rate structures to estimate disposal costs of these wastes. EnergySolutions' approach to
estimating waste disposal costs is discussed in the following paragraphs.

Waste Classification

Regulations governing disposal of radioactive waste are stringent in order to ensure control of
the waste and preclude adverse impact on public health and safety. At present, LLRW disposal
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is controlled by 10 CFR 61, which went into effect in December 1983. This regulation stipulates
the criteria for the establishment and operation of shallow-land LLRW burial facilities.
Embodied within this new regulation are criteria and classifications for packaging LLRW such
that it is acceptable for burial at licensed LLRW disposal sites.

For each waste classification, 10 CFR 61 stipulates specific criteria for physical and chemical
properties that the LLRW must meet in order to be accepted at a licensed disposal site. The
LLRW disposal criteria of 10 CFR 61 require that LLRW generators determine the proportional
amount of a number of specific radioactive isotopes present in each container of disposable
LLRW. This requirement for isotopic analysis of each container of disposable LLRW is met by
employing a combination of analytical techniques such as computerized analyses based upon
scaling factors, sample laboratory analyses, and direct assay methods. Having performed an
isotopic analysis of each container of disposable LLRW, the waste must then be classified
according to one of the classifications (Class A, B, C, or Greater Than Class C (GTCC)) as
defined in 10 CFR 61.

EnergySolutions' classification of LLRW resulting from decommissioning activities is based on
AIF/NESP-036 (Ref. No. 2), NUREG/CR-0130 (Ref. No. 5), NUREG/CR-0672 (Ref. No. 6),
and recent industry experience. The estimated curie content of the reactor vessel and internals at
shutdown is derived from NUREG/CR-0130 for Pressurized Water Reactors (PWRs) and
NUREG/CR-0672 for Boiling Water Reactors (BWRs), and adjusted for the different mass of
components and period of decay.

Packaging

Selection of the type and quantity of containers required for Class B and C wastes is based on the
most restrictive of either curie content, dose-rate, container weight limit, or container volume
limit. GTCC wastes from segmentation of the reactor vessel internals is packaged in spent fuel
canisters. The selection of container type for Class A waste is based on the transportation mode
(rail, truck, barge, etc.) and waste form. The quantity of Class A waste containers is determined
by the most restrictive of either container weight limit or container volume limit. Large
components, such as steam generators, pressurizers, and reactor recirculation pumps, are shipped
as their own containers with additional shielding as required.

Container costs are obtained from manufacturers specializing in the design and fabrication of
storage containers for nuclear materials. Shielded transport cask and liner costs are obtained
from the cask owners and operators.

Transportation

Transportation routes to processing and disposal facilities are determined based on available
transportation modes (truck, rail, barge, or combinations). Transportation costs for the selected
routes and modes are obtained from vendor quotes or published tariffs whenever possible.

Class A Disposal Options and Rates

In accordance with the existing Life-of-Plant Disposal Agreement (Ref. No. 7), all Class A waste
that meets the waste acceptance criteria are to be disposed of at EnergySolutions' LLRW
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disposal facility in Clive, Utah. All reported waste disposal costs include packaging,

transportation, and any applicable surcharges.

Class B and C Disposal Options and Rates

Currently, within the United States, there are only three operational commercial near-surface
disposal facilities licensed to accept Class B and C LLRW: the Barnwell facility, operated by
EnergySolutions in Barnwell, South Carolina; the U.S. Ecology facility in Richland,
Washington; and the recently licensed facility in Andrews County, Texas operated by Waste
Control Specialists. Barnwell only accepts waste from states within the Atlantic Compact and
U.S. Ecology only accepts waste from states within the Northwest and Rocky Mountain
Compacts. However, the WCS facility will accept waste from the Texas Compact (comprised of
Texas and Vermont) and from non-Compact generators. The Texas Compact Commission on
March 23, 2012 approved amendments to rules allowing the import of non-compact generator
LLRW for disposal at the WCS Andrews County facility.

Greater Than Class C (GTCC)

Wastes identified as 10 CFR 61 Class A, B, and C may be disposed of at near-surface disposal
facilities. Certain components are highly activated and may exceed the radionuclide
concentration limitations for 10 CFR 61 Class C waste. In accordance with 10 CFR 61, these
components, which are referred to as Greater Than Class C (GTCC) wastes, cannot be disposed
of in a near-surface LLRW disposal facility and must be transferred to a geologic repository or a
similar site approved by the NRC.

Highly activated sections of the reactor vessel internals will result in GTCC waste. Presently, a
facility does not exist for the disposal of wastes exceeding 10 CFR 61 Class C limitations.
EnergySolutions assumes that the DOE will accept this waste along with spent fuel. Although
courts have held that DOE is obligated to accept and dispose of GTCC, issues regarding potential
costs remain potentially unsettled. Therefore, EnergySolutions conservatively estimates a GTCC
waste disposal cost. EnergySolutions assumes that the GTCC waste will be packaged in spent
fuel canisters and will be shipped to a storage or disposal facility operated by DOE along with
the spent fuel. Additionally, EnergySolutions assumes shipping costs for GTCC waste to be
equivalent to the commercial cost of shipping a Type B licensed, shielded cask such as the CNS
8-120B cask, which is owned and operated by EnergySolutions.

LLRW Volume Reduction

Becasue current Class A LLRW disposal rates are significantly lower than LLRW volume
reduction rates, EnergySolutions does not assume on-site volume reduction techniques such as
waste compaction or an aggressive decontamination, survey and release effort.

Non-Radioactive Non-Hazardous Waste Disposal

EnergySolutions assumes that recyclable, non-radioactive scrap metal resulting from the
decommissioning program will be sold to a scrap metal dealer. However, no cost credit is
assumed in the estimate for the value of the scrap metal. Clean (non-contaminated) concrete and
demolition debris is assumed to be removed off site to an out of state Class III landfill consistent
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with the Governor of the State of California Executive Order D-62-02 (Ref. No. 16). This study
includes the costs of installation and operation of EnergySolutions' GAmma Radiation Detection
and In-container ANalysis or GARDIAN System. The GARDIAN System performs radiological
assays of bulk shipping containers. The GARDIAN System is a cost effective and efficient
means to ensure all non-radiological waste and recyclable materials arising from the
decommissioning and demolition of the SONGS' site comply with all applicable regulatory
requirements.

Hazardous and Industrial Waste Disposal

Uncontaminated lead shielding remaining after shutdown was assumed to be removed from its
installed locations and shipped offsite by entities having a need for the material. The entities will
receive the lead at no charge in return for providing the removal and shipping services. Non-
Radioactive contaminated surfaces coated with tightly adhering and undamaged lead based paint
will be removed as non-hazardous building demolition debris. All other chemicals and
hazardous materials present at shutdown will be removed and properly disposed of during
decommissioning.

3.5 Final Status Survey

The cost of performing a final status survey (FSS) is based on NUREG-1575, "Multi-Agency
Radiation Survey and Site Investigation Manual (MARSSIM)," (Ref. No. 8). Estimates of
MARSSIM Class I, II, and III survey designations are based on radiological assumptions
regarding contamination resulting from small and large component removal activities. The FSS
activity cost calculation includes the in-place remote survey of underground metal and concrete
pipe, soil, and groundwater sampling and analysis. Estimated costs for NRC and Oak Ridge
Institute for Science and Education (ORISE) verification are also included, and the NRC review
period is incorporated into the project schedule.

3.6 Contingency

Contingencies are applied to cost estimates primarily to allow for unknown or unplanned
occurrences during the actual program, e.g., increased radioactive waste materials volumes over
that expected; equipment breakdowns, weather delays, and labor strikes. This is consistent with
the definition provided in the DOE Cost Estimating Guide, DOE G 430.1-1, 3-28-97 (DOE G)
(Ref. No. 9). Contingency "covers costs that may result from incomplete design, unforeseen and
unpredictable conditions, or uncertainties within the defined project scope. The amount of
contingency will depend on the status of design, procurement, and construction; and the
complexity and uncertainties of the component parts of the project. Contingency is not to be
used to avoid making an accurate assessment of expected costs." EnergySolutions determines
site-specific contingency factors to be applied to each estimate based on industry practices.

The DOE has established a recommended range of contingencies as a function of completeness
of program design, DOE G. The ranges are:
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Contingency Range
Type of Estimate as a % of Total Estimate

Planning Phase Estimate 20-30
Budget Estimate 15-25
Title I (Preliminary Design Estimate) 10-20
Title II (Definitive Design Estimate) 5-15

Also, the Pacific Gas & Electric Company (PG&E) Technical Position Paper "Establishing an
Appropriate Contingency Factor for Inclusion in the Decommissioning Revenue Requirements"
(Ref. No. 13) was developed to review and determine a "conservative contingency factor" to be
applied to decommissioning cost estimates. In that study it was determined that "based on an
understanding of the level of project definition, and the extent and maturity of estimate input
information used to develop decommissioning cost estimates, the 25 percent contingency factor
is within the range of industry recognized cost engineering practices."

The contingencies presented in this study are consistent with the values presented in DOE G
430.1-1 for a Planning Phase estimate (Ref. No. 9) and the PG&E study (Ref. No. 13). As
directed by SCE, EnergySolutions has applied a 25% contingency to all costs in this study, with
the exception of following:

2013 and 2014 Actual Expenditures 0%
Department of Navy Easement Payments 15%
Hazardous and Asbestos Wastes 50%
Site Characterization Surveys 15%
Temporary Facilities 15%
Backfill and Compaction 15%

A reactor decommissioning program will be conducted under an NRC-approved Quality
Assurance Program which meets the requirements of 10 CFR 50, Appendix B. However, the
development of the quality assurance program, the performance of work under that program, and
the effort required to ensure compliance with the program, is already included in the detailed cost
estimate. Therefore, EnergySolutions does not include quality assurance as an element of the
contingency allowance. The same is true for contamination. Where radioactive contamination
or activated materials are dealt with, the EnergySolutions UCFs and associated calculations fully
reflect the cost impact of that material, and a separate contingency is not required specifically
due to working with contamination.

3.7 Cost Reporting

Total project costs are aggregated from the distributed activity and undistributed costs into the
following categories - Labor, Materials and Equipment, Waste Disposal, and Other costs. Other
costs include property taxes, insurance, license fees, permits, and energy. Waste Disposal costs
are the summation of packaging, transportation, base disposal rate, and any applicable
surcharges. Health physics (HP) supplies and small tool costs are calculated as a component of
each distributed activity cost and included in the category of Material and Equipment, with the
exception that HP supplies for the Utility HP staff are calculated and reported as an undistributed
line item. A line item specific contingency is then calculated for each activity cost element.
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4.0 SITE SPECIFIC TECHNICAL APPROACH

4.1 Facility Description

The San Onofre Nuclear Generating Station Units 2 & 3 site is located in southern California on
the shore of the Pacific Ocean, about 62 miles Southeast of Los Angeles and approximately 51
miles Northwest of San Diego. The station is located entirely within the Camp Pendleton Marine
Corps Base. The current Grant of Easement for the site from the United States Department of the
Navy is currently scheduled to expire May 12, 2023 (Ref. No. 14). Units 2 & 3 occupy 52.8
acres of the 84 acre site. Approximately 16 acres are occupied by the North Industrial Area
(formerly Unit 1), which is where the existing ISFSI is located.

The Nuclear Steam Supply System (NSSS) for both units are identical, with two independent
loops, and utilizing pressurized light water cooled reactors (PWRs) supplied by Combustion
Engineering, Inc. The construction permit was issued for an initial reactor power of 3,390 MWt
with licensed Rated Thermal Power of 3,438 MWt.

The facility currently has an existing ISFSI containing spent fuel that was transferred into MPCs
to maintain full core offload capability during operations and to facilitate decommissioning of
Unit 1. This study also assumes that the MPCs will be licensed under a 10 CFR Part 72 general
license, using the manufacturer's Certificate of Compliance. The 10 CFR Part 50 license will be
maintained until decommissioning is complete and all spent fuel has been transferred to DOE.

Appendix A provides a list of the SONGS Unit 2 & 3 systems and structures included in the
material inventory for this study.

4.2 Decommissioning Periods

The project periods consist of six License Termination periods, seven Spent Fuel Management
periods (two of which are ISFSI decontamination and demolition periods), and six Site
Restoration periods. As shown in Figure 1-1 above, the periods for each of these project areas
are independent from (do not compete with) the periods for the other project areas. The project
periods defined for this site-specific study and the major activities performed during each period
are as follows:

License Termination Periods

Decon Pd 1 -Transition to Decommissioning
" Defuel Reactors
" Notification of Permanent Fuel Removal
" Disposition of LLRW Resins

Decon Pd 2 -Decommissioning Planning and Site Modifications
" Preparation of Decommissioning License Documents
" Preparation of NRC Deliverables
" Submit PSDAR to NRC
" Perform Historical Site Assessment and Site Characterization
" Planning, Design, and Implementation of Cold & Dark (Site Repowering)
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" Design and Implement Spent Fuel Pool Support System Modifications, Control
Room Relocation, and Spent Fuel Security System Modifications

" Select Decommissioning General Contractor (DGC)

Decon Pd 3 - Decommissioning Preparations and Reactor Internal Segmentation
" DGC Mobilization and Planning
" System Decontamination
" Reactor Internals Removal Preparations
" Reactor Internals Segmentation Planning and Implementation
" Purchase Dry Storage Modules for GTCC Waste
" Segment and Package Reactor Internals for Storage in the ISFSI

Decon Pd 4 - Plant Systems and Large Component Removal
" Upgrade Rail Spur on 'Owner Controlled Area' (does not affect spur connecting

to CALTRANS).
" Install Large Array Radiation Detection System
" Remove, Package, and Dispose of Non-Essential Systems
" Asbestos and Lead Abatement
" Fuel Pool Closure
" Remove Spent Fuel Racks, Spent Fuel Pool Island Equipment, and Bridge Cranes
" Remove and Dispose of Legacy Class B & C Wastes
" Remove, Package, and Dispose of Essential Systems
" Removal and Disposal of Spent Resins, Filter Media, and Tank Sludge
" Large Component Removal
" Prepare License Termination Plan

Decon Pd 5 - Building Decontamination
" Decon Containment Buildings - Units 2 & 3
" Decon Turbine Buildings - Units 2 & 3
" Decon Fuel Handling Buildings - Units 2 & 3
" Decon Auxiliary Radwaste Building
" Decon Auxiliary Control Building
" Decon Penetration Buildings - Units 2 & 3
" Decon Safety Equipment and Main Steam Isolation Valve Buildings - Units 2 &

3
" Radiological Survey of Structures During Decon

Decon Pd 6 - License Termination During Decommissioning
" Final Status Survey
" ORISE Verification and NRC Approval

Spent Fuel Management Periods

SNF Pd 1 - Spent Fuel Transfer Management Transition
" Implementation of Security Enhancements Required for Reductions in Staff
" Cyber Security Modifications
" Post Fukushima Modifications - Unit 2
" Design and Fabricate Spent Fuel Canisters
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SNF Pd 2 - Spent Fuel Transfer to Dry Storage
" Prepare Irradiated Fuel Management Plan
" Select Dry Storage System Canister Design and Vendor
" Design and Construct ISFSI Expansion
" Purchase, Deliver and Load Spent Fuel Canisters and Transfer to ISFSI

SNF Pd 3 - Dry Storage During Decommissioning Units 1, 2, & 3

SNF Pd 4 - Dry Storage Only - Units 1, 2, & 3

SNF Pd 5 - Dry Storage Only - Units 2, & 3

SNF D&D Pd 1 - ISFSI License Termination
N Preparation and NRC Review of License Termination Plan

SNF D&D Pd 2 - ISFSI Demolition
" Verification Survey of Horizontal Storage Modules
" Clean Demolition of ISFSI AHSMs and Pads
" Clean Demolition of ISFSI Support Structures
" Restore ISFSI Site
" Preparation of Final Report on Decommissioning and NRC Review

Site Restoration Periods

SR Pd 1 -Transition to Site Restoration
" Severance Costs from Post-Shutdown Reduction in Staffing
" Phase I and II Environmental Assessment of the Mesa Site
" Disposition of Hazardous Waste at the Mesa Site
" Site Characterization of the Mesa Site

SR Pd 2 -Building Demolition During Decommissioning
" Demolish South Access for Decommissioning, South Yard Facility, and Mesa

Structures
" Finish Grade and Re-vegetate Mesa Site
" Mesa Lease Termination

SR Pd 3 - Subsurface Demolition Engineering & Permitting
" Hydrogeologic Investigation and Outfall Conduit Survey
" Subsurface Structure Removal Analyses for Lease Termination Activities
" Final Site Grading and Shoreline Protection Engineering Planning and Design
" Obtain Permits and Approvals

SR Pd 4 - Building Demolition to 3 Feet Below Grade
" Demolition Preparations
" De-Tension and Remove Containment Building Tendons - Units 2 & 3
" Demolish Diesel Generator Buildings - Units 2 & 3
" Demolish Condensate Buildings and Transformer Pads - Units 2 & 3
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" Demolish Full Flow Areas and Turbine Buildings - Units 2 & 3
" Demolish Auxiliary Radwaste Building
0 Demolish Auxiliary Control Building
" Remove Systems and Demolish Make-up Demineralizer Structures
" Demolish Penetration Buildings - Units 2 & 3
" Demolish Safety Equipment and Main Steam Isolation Valve Buildings - Units 2

& 3
" Demolish Fuel Handling Buildings to 3 Feet Below Grade - Units 2 & 3
" Demolish Containment Buildings to 3 Feet Below Grade - Units 2 & 3
" Demolish Intake and Discharge Structures to 3 Feet Below Grade

SR Pd 5 - Subgrade Structure Removal Below - 3 Feet
" Install Sheet Piling and Excavation Shoring, Dewatering System, and Effluent

Treatment and Discharge Controls
" Demolish and Backfill Unit 3 Subsurface Structures
" Demolish and Backfill Unit 2 Subsurface Structures
" Demolish and Backfill Common Subsurface Structures
" Demolish and Backfill Intake Structure Inside Seawall Below -3 Feet
" Remove Off Shore Intake and Outfall Conduits
" Remove Sheet Piling, Excavation Shoring, and Dewatering and Effluent

Treatment
" Finish Grading and Re-vegetate Site

SR Pd 6 - Final Site Restoration and Easement Termination
" Obtain Required Permits and Approvals
" Install Dewatering System and Effluent Treatment and Discharge Controls
" Remove and Stockpile Existing Seawall Erosion Protection
" Remove Unit 2 & 3 Seawall and Pedestrian Walkway
" Remove Remaining Intake Structure Beneath Seawall
" Backfill and Compaction of Excavation
" Remove Dewatering System & Effluent Treatment
" Remove Railroad Tracks, Gunite Slope Protection, Access Road, and North

Parking Lot
" Finish Grading and Re-vegetate Site

4.3 Decommissioning Staff

EnergySolutions developed staffing based on the assumption that decommissioning will be
performed by an experienced and qualified DGC, with oversight and management of the
decommissioning operations performed by the Utility (Licensee) staff. It is also assumed that
the Utility staff will be supplemented by a professional consulting engineering firm, particularly
in the planning and preparation phase. The sizes of the Utility (Licensee) and DGC staffs are
varied in each period in accordance with the requirements of the work activities. Details on the
staff levels, by functional group, during each period are provided in Section 6.0.

4.4 Spent Fuel Management Staff

The largest spent fuel staff is in place while the fuel pool is operational during the spent fuel
cooling period and the fuel assemblies are being transferred to dry storage. After all spent fuel
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has been removed from the spent fuel pool, the staff is reduced. During spent fuel pool
operations and the dry storage period, the full-time spent fuel management staff is supplemented
with part-time staff to support fuel movements. Details on the staff levels, by functional group,
during each period are provided in Section 6.0.

4.5 Spent Fuel Shipments

The spent fuel shipping schedules are based in part on the DOE's "Acceptance Priority Ranking
& Annual Capacity Report," dated July 2004. (Ref. No. 12). The information regarding existing
fuel inventory, planned transfers to dry storage and DOE's projected date of 2024 for acceptance
of spent fuel is based on information provided by SCE. The spent fuel shipping schedule is
provided in Appendix B. The spent fuel shipment schedule is based upon best current
information and assumptions, as qualified and described elsewhere in this study, including in
Section 2.2 above.
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5.0 BASES OF ESTIMATE AND KEY ASSUMPTIONS

The bases of, and key assumptions for, this site-specific decommissioning estimate are presented
below:

1. SCE's actual decommissioning expenses incurred from the time of permanent cessation
of operations on June 7, 2013 until December 31, 2013 are included in the estimate.
All other decommissioning cost data used in this study is current as of 2014. Totals and
subtotals have been rounded to significant figures.

2. EnergySolutions developed a prompt dismantlement (DECON) project schedule based

on a permanent shutdown date of June 7, 2013.

3. The decommissioning will be performed using currently available technologies.

4. DOE currently has no plans, program, or schedule in place for acceptance of utility
spent fuel. However, for purposes of this decommissioning cost estimate, certain
simplifying assumptions must be made regarding the schedule and rate of DOE
performance. Therefore, while DOE's Standard Contract governing the acceptance of
SCE's spent fuel allows for alternative removal schedules, including priority for
shutdown reactors and exchanges of allocations, for purposes of this estimate DOE
acceptance from the industry is assumed to commence in 2024 in accordance with SCE
testimony to the Public Utilities Commission of the State of California (Ref. No. 17).
The spent fuel shipment schedules are based upon the assumption that the DOE will
accept spent fuel at the rate published in DOE's July 2004 Acceptance Priority Ranking
& Annual Capacity Report (DOE/RW-0567) (Ref. No. 12). Additionally, SCE is
reviewing available information from DOE to determine if the DOE start date
assumption requires updating. The DCE will be revised accordingly as new information
becomes available.

5. This estimate is based on site-specific building inventories and plant systems, as
provided by EnergySolutions.

6. All transformers on site following shutdown are assumed to be polychlorinated
biphenyl (PCB)-free, therefore, this study does not include costs for disposition of PCB
contaminated transformers.

7. Cost for transportation of clean scrap metal to a recycler is included in the estimate;
however, no credit is taken for the value of the scrap metal. Concrete debris and all
other demolition debris is assumed to be removed from the site and disposed of at an
out of state Class III landfill, consistent with the Governor of the State of California
Executive Order D-62-02 (Ref. No. 16). The cost of installation and operation of
EnergySolutions' GARDIAN system for bulk radiological assay of all wastes and
recyclable materials leaving the SONGS site is included in the estimate. The purpose
of the GARDIAN system is to ensure all materials not intended for disposal at a
licensed facility meet all applicable requirements.
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8. The estimate is based on final site restoration, in which all existing and proposed
structures, with the exception of the switchyard, will be removed. Clean demolition
costs are based on the assumption that all site improvements will be removed in their
entirety. Clean backfill will be imported and placed to re-establish grade. The entire
disturbed area of the site is to be graded, to restore the natural grade to the extent
possible, and seeded.

9. Uncontaminated lead shielding remaining is assumed to be removed from its installed
locations and shipped offsite by entities having a need for the material. The entities
receive the lead at no charge in return for providing the removal and shipping services.

10. Site-specific information regarding contaminated soil was used as a basis for
calculation of current costs for their remediation. While no known radiological or
chemical remediation is required at the switchyard or the Mesa, those areas will be
addressed as part of the Baseline Characterization Survey and Historical Site
Assessment. If the studies conclude that radiological or chemical remediation is
required at the switchyard or the Mesa, the DCE will be amended. For radiological
contamination found at either the switchyard or the Mesa, the DCE will be amended to
include all subsequent cost estimates for the remediation, which will be paid for by the
SONGS participants in accordance with their cost allocations for the 'Common
Facilities'. Chemical remediation of the switchyards will be paid by either SCE or
SDG&E owners of the respective switchyards.

11. Costs for hazardous waste disposal, as well as asbestos and lead abatement, are
included in this study.

12. All Class A waste is assumed to be disposed of at EnergySolutions' facility in Clive,
Utah, in accordance with the existing Life-of-Plant Disposal Agreement between
EnergySolutions and Southern California Edison, dated January 18, 2014 (Ref. No. 7).
The following 2014 disposal rates will be applied:

Demolition Debris and Soil - $57.97/Cubic Foot plus 5% Utah taxes
Oversized Debris - $111.3 1/Cubic Foot plus 5% Utah taxes
Containerized Waste Facility - $214.50/Cubic Foot plus 12% Utah taxes
Large Components - $289.87/Cubic Foot plus 5% Utah taxes
Cask Shipments - $44,059/Cask plus 12% Utah taxes

Class A waste includes Dry Active Waste (DAW) arising from the disposal of
contaminated protective clothing and health physics supplies.

13. Class B, C, and GTCC waste disposal costs are based on recent quotes for disposal of
activated hardware and resins at the WCS facility. All resins and filter waste is
assumed to be Class B.

14. Shipping costs for the Class B and C waste are based on a distance of 1,079 miles one
way from SONGS to the WCS site.
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15. GTCC is not subject to the same storage and security requirements as spent fuel and
therefore is not required to be stored on the ISFSI pad. But for purposes of this
estimate and to facilitate decommissioning, GTCC waste generated from the
segmentation of the reactor internals is assumed to be packaged in Dry Shielded
Canisters (DSCs) and placed in Advanced Horizontal Storage Modules (AHSMs) in the
ISFSI to await final disposition at a DOE repository.

16. It is assumed that a total of six DSCs per unit will be required for GTCC waste.

17. Reactor vessel and internals curie estimates were derived from the values for the
Reference PWR vessel and internals in NUREG/CR-0130 (Ref. No. 5). These values
were adjusted for decay period.

18. The EnergySolutions site-specific classification of radioactive wastes for the SONGS
Plant identified that the spent fuel assemblies and two components within the reactor
vessel (the Core Shroud Assembly and the Lower Core Grid Plate) will exceed Class C
limitations.

19. The spent fuel shipments are based upon best current information and assumptions, as
qualified and described elsewhere in this study, including in Section 2.2. above.

20. Spent fuel will remain in the spent fuel pool for six years before being transferred to the
ISFSI.

21. The costs for ISFSI construction and transfer of spent fuel from Units 2 & 3 to dry
storage were developed by SCE and furnished to EnergySolutions. Following
completion of spent fuel transfers to dry storage the cost of maintenance and operation
of the ISFSI is distributed between Units 1, 2 and 3 based on the relative percentages of
spent fuel assemblies in storage. The percentages are 10, 45, and 45 for Units 1, 2, and
3, respectively. The exception is that all property taxes are solely the liability of Units
2 & 3. Following completion of SNF Pd 4 - Dry Storage Only Units 1, 2, and 3, all
ISFSI maintenance and operating costs are assigned to Units 2 & 3 until the ISFSI
D&D. During ISFSI D&D costs are distributed to all three units in the same
percentages of 10, 45, and 45.

22. DOE has not committed to accept SCE's canistered spent fuel. But for purposes of this
estimate, it is assumed that an SCE-funded dry storage facility will not be necessary.

23. Costs for ISFSI demolition are included in this estimate. SCE assumes that portions of
the AHSM concrete will be activated.

24. EnergySolttions has assumed that the 10 CFR Part 50 license will be maintained until
DOE has taken possession of the spent fuel.

25. SCE's annual ISFSI insurance premiums of $302,000 are assumed to be incurred until
all fuel shipments have been completed and the structure is no longer in use.
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26. SCE's Emergency Preparedness (FEMA) fees of $500,000 per year and California
Office of Emergency Services fees of $2,800,000 per year are applied until the spent
fuel pool is empty. These fees were supplied by SCE.

27. SCE's current annual property taxes are assumed to be reduced to a constant
$1,500,000 per year. The property taxes are a license termination expense until the
completion of decommissioning, and then a spent fuel management expense until
completion of the ISFSI D&D.

28. EnergySolutions has included the annual NRC 10 CFR 171.15(c)(2) fees, for reactors in
decommissioning of $231,000/yr per unit until decommissioning is completed as a
license termination expense. Following completion of decommissioning, this expense
is continued as a spent fuel management cost for maintenance of the 10 CFR Part 50
license.

29. EnergySolutions has included Environmental Permits and Fees of $1,900,000 per year
as supplied by SCE.

30. EnergySolutions has included NRC inspection fees during each decommissioning
period based on the type and level of activities being performed.

31. SONGS annual insurance premiums, in 2014 dollars as supplied by SCE, are as
follows:

Nuclear Property Primary - $4,878,099
Nuclear Liability - $1,151,075
Additional Liability, Non-Nuclear - $3,576,519
Workers' Compensation - $180,335
Property Insurance - $353,286

The premium amounts have been adjusted by EnergySohltions in accordance with
information furnished by SCE to meet the requirements of each period.

32. Site operating expenses expected to be incurred during decommissioning and spent fuel
management are included in the estimate. These costs include materials and services,
utilities (water, gas, phone), telecommunications equipment, non-process computers,
personal computers and tools and equipment. These costs were calculated based on
information provided by SCE and adjusted by EnergySolutions to match the
requirements of each period, based on staffing levels.

33. Site Lease and Easement expenses of $2,300,000 per year until the Mesa lease is
terminated are included in the estimate. Following termination of the Mesa lease the
site lease and easement expenses are reduced to $299,920 per year. These costs are
based on information provided by SCE.

34. Utility (Licensee) staff positions and average direct burdened salary (i.e. total
compensation) data in 2014 dollars were supplied by SCE.
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35. Severance costs for those employees terminated as a result of SONGS
decommissioning, including those costs required under California law are included in
the estimate. Severance costs for Reductions-in-Force (RIFs) that occurred
immediately after shutdown, and during the course of spent fuel management and
decommissioning are assumed to be a site restoration expense and are included in the
estimate.

36. Severance costs per employee were provided by SCE.

37. DGC staff salaries, including overhead and profit, were determined by EnergySolutions
and represent EnergySolutions' standard assumptions for these rates.

38. The professional personnel used for the planning and preparation activities, and DGC
personnel, are assumed to be paid per diem at the rate of $204/day, based on per diem
rates from U.S. General Services Administration (GSA) for Orange County, California.

39. Craft labor rates were taken from the CA Union Craft Rate Sheet, dated January 9,
2014. Craft labor rates for disciplines not provided in the rate sheet have been taken
from the 2014 RS Means Labor Rates for the Construction Industry (Ref. No. 10), for
Anaheim, CA. Since the skilled laborers are assumed to be supplied by the local union
hall, they will not be paid per diem.

40. The security guard force included in this estimate has been sized in accordance with the
current Design Basis Threat assessment.

41. This study follows the occupational exposure principles of As Low As Reasonably
Achievable (ALARA) through the use of productivity loss factors that incorporate such
items as the use of respiratory protection and personnel protective clothing. These
factors increase the work duration and cost.

42. The costs of all required safety analyses and safety measures for the protection of the
general public, the environment, and decommissioning workers are included in the cost
estimates. This reflects the requirements of:

10 CFR 20 Standards for Protection Against Radiation

10 CFR 50 Domestic Licensing of Production and Utilization Facilities

10 CFR 61 Licensing Requirements for Land Disposal of Radioactive Waste

10 CFR 71 Packaging of Radioactive Material for Transport

10 CFR 72 Licensing Requirements for the Independent Storage of Spent
Nuclear Fuel and High-Level Radioactive Waste

29 CFR 1910 Occupational Safety and Health Standards
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49 CFR 170-189 Department of Transportation Regulations Governing the
Transport of Hazardous Materials

Reg. Guide 1.159 Assuring the Availability of Funds for Decommissioning Nuclear
Reactors

43. Activity labor costs do not include any allowance for delays between activities, nor is
there any cost allowance for craft labor retained on site while waiting for work to
become available.
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6.0 STUDY RESULTS

This study analyzes the following technical approach to decommissioning as defined by SCE:

" Prompt DECON methodology.

" Permanent cessation of operations and commencement of decommissioning
planning on June 7, 2013.

" Termination of spent fuel pool operation six years after permanent shutdown.

" Spent fuel will be stored in MPCs at an on-site ISFSI.

" A dry transfer facility will not be necessary for transfer of SNF for transport.

" Decommissioning will be performed by a DGC with oversight by the SONGS
participants.

" LOP Disposal Rates are used for Class A LLRW.

" WCS Texas Disposal Rates are used for Class B and C LLRW.

" DOE begins accepting spent fuel from the industry in 2024.

Spent Fuel Shipping Schedule

The spent fuel shipping schedule is provided in Appendix B. Spent fuel shipments from the
industry to DOE will begin in 2024. The spent fuel shipment schedules are based upon best
current information and assumptions, as qualified and described elsewhere in this study,
including in Section 2.2 above.

Cost and Schedule

Figure 6-1 is a summary project schedule. A detailed schedule is provided in Appendix C.
Table 6-1 summarizes the period durations and total costs, including contingency, for License
Termination, Spent Fuel, and Site Restoration activities. A detailed cost table is provided in
Appendix D, and a table of annual expenditures is provided in Appendix E.

Proiect Staffing

This scenario is based on the assumption that decommissioning will be performed by an
experienced and qualified DGC, with oversight and management of the decommissioning
operations performed by the Licensee staff. Utility (Licensee) staffing levels, by organizational
department and function, for each period are provided in Table 6-2. The DGC staffing levels, by
organizational department and function, for each period are provided in Table 6-3.
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LLRW Disposal Volumes

LLRW disposal is a significant element of the decommissioning project. The estimated cubic
feet of waste are summarized as follows:

Waste
Class Unit 2 Unit 3 Total

Class A 1,832,961 1,819,680 3,652,641
Class B 7,600 7,600 15,200
Class C 4,095 4,095 8,190
GTCC 941 941 1,882

Waste disposal volumes and costs, itemized by packaging, transportation, surcharges and
disposal costs by waste class and facility, are provided in Table 6-4. The waste disposal costs
provided in Table 6-4 do not include contingency.
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Figure 6-1
Summary Schedule

DECON with Dry Storage, 2013 Shutdown and DOE Acceptance in 2024

Pdoat BENlzw ;anb -ov 9 F PI M ar e n W I O&l 7/2013 iMIMF

Spami Fuel Shl~pin Cormplw - Unit 1 1 lV1W'122 In
Spent Fuel W4*pm CRO" et- Unks 2 & 3 1 !3t120491 12=2049

*12IM
W

•1241t

B

SWl d 1- Speam Fuel Melugenwot Transiion 0517/2012i 112211201
- .- -- - -t ~ 1/1/WiC -I/WI.

SiUF Pd 2 - Spent Fual Transfer to Dry Storge 1/'1,201 U,"J01 t

SNF Pd S- Dry Storage During Deomnisioning - Units 1, 2 and 3 01•0,`11M 12/062061

SNF Pd 4 -Dry Storap Only - Unite 1, 2 md 2 12•/2 0 1/2112025
SNF Pd 5- Dry StoraW Only- Units 2 and 3 12*1/025 3112049
SNF DWD Pd 1. ISFSI D&D Plamning 1241/2 06611 12M

W000-.

1Ww

•rel" U&U '02- OIMBA"U&U
Port 50 Licens Temnamtion I 6/7204 m26202

AIMMg~MnOn Of LO6SME1 01 L5opeatSIt .11 (Jn7,2013) 06WIMMl3l OGW/2013 W &I

Deoon Pd 1. Transi•ion to D•ecmisasion F*I WIII/ M "112013 up
Decon Pd 2. Docounwnisioning Pl6an and Sie VModilice tione 1/trW0141 J-
Decan Pd 3- Decommissoing Prepawtiona and Reacor Intenals Segm ntation 0 o1s 0et0m1 •
Decon Pd 4 - Plant Spaema and Lare Component Removal n 0601/019 0M24/2022
Decon Pd 5- Building Deoc, minaon I 24',' 071121024

==W
W=MW

wow
Decon Pd 6- ILoente Termniation urig Demolition 07/If2/U4

S ite R et ratio n 06 / 012 1 X M15/2 - --1-

SR Pd I - Tra-,,-tion to Sie Restoration 06M..1I7 " 06•/2M0/20
sR Pd 2- Bi6ld•g o D o 8lonlngl •06/2020 0/120171
SR Pd s- Subsaflsoe Demfolio Engiinering and P...*v 10101P019 0oMM2m4 pMMMW
SA Pd 4- Bu•d•ing Demolition to 3 Feet Below Oracde 01202M SI 1141028 IilII
SRq P:d a - Sub~tlo Sruetwe enmald Below .2q Feet 10/14* 12MM1S Pd 6 - Finl Sit Restoration and lea6 Termination 050&2060 12M/1601

Final Easom Ti Torn**It6cn 2tI5-/2M 1 11211/2051 112/

Page 31 of 37

SCE-SER 000084

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-1, Page 88 of 291
(88 of 2110)



2014 Decommissioning Cost Analysis of the Document No. 164001-DCE-001
San Onofre Nuclear Generating Station Units 2 & 3

Table 6-13

Cost and Schedule Summary
(2014 Dollars in Thousands)

License Termination (50.75(c))
DeconPd 1Transition to

DeconP Decommissioning 6/7/2013 12/31/2013 0.56 $25,749 $26,566 $52,315

Decon Pd 2 Decommissioning Planning 1/1/2014 6/30/2015 1.49 $118,709 $122,430 $241,140
and Site Modifications
Decommissioning

Decon Pd 3 Preparations and Reactor 6/30/2015 6/1/2019 3.92 $262,210 $276,799 $539,009
Internals Segmentation

Decon Pd 4 Plant Systems and Large 6/1/2019 9/24/2022 3.31 $392,029 $412,475 $804,504
Component Removal

Decon Pd 5 Building Decontamination 9/24/2022 7/13/2024 1.80 $212,447 $216,659 $429,106
Decon Pd 6 License Termination During 7/13/2024 12/24/2032 8.44 $23,085 $23,085 $46,171

Demolition
Account Total 19.52 $1,034,230 $1,078,016 $2,112,246

Spent Fuel (50.54(bb)) and (72.30)
SNF Pd 1 Spent Fuel Management

SNF Pd 1 Transition 6/7/2013 12/31/2013 0.56 $63,891 $66,105 $129,997
SNF Pd 2 TSpnstiFelTrnsfrtr

SNFPd2 Spent Fuel Transfer to Dry 1/1/2014 6/1/2019 5.41 $344,629 $372,193 $716,822
Storage
Dry Storage During

SNF Pd 3 Decommissioning - Units 1, 2 6/1/2019 12/5/2031 12.51 $61,425 $61,425 $122,849
and 3

SM~ Pd 4 Dry Storage Only - Units 1, 2
SNFPd4 and 3 12/5/2031 12/31/2035 4.07 $29,383 $29,383 $58,765

SNPd Dry Storage Only - Units 2 12/31/2035 12/31/2049 14.00 $107,326 $107,326 $214,653
and 3

SNF D&D ISFSI License Termination 12/31/2049 5/6/2050 0.34 $1,260 $1,260 $2,520
Pd I
SNF D&D ISFSI Demolition 5/6/2050 9/8/2051 1.34 $15,295 $15,295 $30,590
Pd 2

Account Total 38.23 $623,209 $652,987 $1,276,196

Site Restoration

SR Pd 1 Transition to Site Restoration 6/7/2013 6/30/2015 2.06 $64,280 $66,210 $130,489

SR Pd 2 Building Demolition During 6/30/2015 7/11/2017 2.03 $13,003 $37,242 $50,245
Decommissioning

SR Pd 3 Subsurface Demolition
Engineering and Permitting 10/1/2019 7/13/2024 4.78 $15,593 $22,319 $37,912

SR Pd 4 Building Demolition to 3 Feet 7/13/2024 10/14/2028 4.25 $124,953 $134,113 $259,066
Below Grade

SRPd5 Subgrade Structure Removal 10/14/2028 12/5/2031 3.14 $171,987 $269,560 $441,547
Below - 3 Feet

SR Pd 6 Final Site Restoration and 5/6/2050 12/15/2051 1.60 $33,482 $70,064 $103,545
Lease Termination

Account Total 17.86 $423,297 $599,507 $1,022,804

Grand Total $2,080,735 $2,330,511 $4,411,246

3 Rows and columns may not add correctly due to rounding.

Page 32 of 37

SCE-SER 000085

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-1, Page 89 of 291
(89 of 2110)



2014 Decommissioning Cost Analysis of the
San Onofre Nuclear Generating Station Units 2 & 3

Document No. 164001-DCE-001

Table 6-2
Utility Staff Levels

Decommissioning
Engineering
Maintenance and Work Control
Operations
Oversight and Nuclear Safety
Radiation Protection and Chemistry
Regulatory and Emergency Planning
Safety and Human Performance
Security Admin
Security Guard Force
Site Management and Administration

0 21 21 2) 18 U
0 49 14 14 12 0
0 38 10 10 3 0
0 15 7 7 0 0

0 7 2 2 1 0
0 27 26 31 26 0
0 10 4 4 4 0.5

0 13 7 7 7 0
0 6 6 6 6 0

0 12 12 12 12 0
0 13 13 13 9 1

Period Totals 0 211 122 131 98 1.5

S ent Fuel - 50.54(bb Utili Staff

Spent Fuel Shipping 0 0 0 2 2 0 0
Decommissioning 0 0 0 0 0 1 1
Engineering 0 1 1 1 1 0 1
Maintenance and Work Control 0 31 0 0 0 0 0
Operations 0 45 1 1 1 0 0
Oversight and Nuclear Safety 0 1 0.25 0.25 0.25 0 0
Radiation Protection and Chemistry 0 6 4 4 4 1 2
Regulatory and Emergency Planning 0 0 0 0 0 1 1
Security Admin 0 14 10 8 8 1 1
Security Guard Force 0 178 35 35 35 5 5
Site Management and Administration 0 0 0 0 0 1 1
Period Total 0 276 51.25 54.25 54.25 10 12

Site Restoration - Utilit Staff

Decommissioning 0 2 0 5 4 2
Engineering 0 1 0 2 1 0
Maintenance and Work Control 0 1 0 2 2 2

Regulatory and Emergency Planning 0 1 0 0 0 0
Safety and Human Performance 0 1 0 2 1 1
Security Admin 0 0 0 1 1 0
Security Guard Force 0 0 0 5 5 0
Site Management and Administration 0 0 0 4 3 3
Period Totals 0 6 0 21 17 8
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Table 6-3
DGC Staff Levels

License Termination - 50.75(c) DGC Staff

Administration 9 17 17 0
Engineering 15 29 14 0
Health Physics 16 73 73 2

Management 3 3 3 0
Quality Assurance 2 5 4 0
Waste Operations 7 16 16 0
Period Totals 52 143 127 2

Scent Fuel - 50.54tbbl - DGC Staff

Administration I
Engineering 2
Health Physics 3

Management I
Quality Assurance 1
Waste Operations 4
Period Totals 12

Site Restoration DGC Staff

Administration 0 0 0 10 5 4
Engineering 0 0 0 13 11 5
Health Physics 0 0 0 3 0 0
Management 0 0 0 2 2 1

Quality Assurance 0 0 0 2 1 0
Waste Operations 0 0 0 11 7 7
Period Totals 0 0 0 41 26 17
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Table 6-4
Waste Disposal Volumes

(Cost Excludes Contingency - 2014 Dollars)

Class B and C Facility
Class B 1,132,323 6,696 15,199 $1,199,186 $6,433,599 $72,635,570 $80,268,355
Class C 407,380 1,546 8,191 $2,064,309 $26,706,007 $39,142,870 $67,913,186

GTCC 92,861 190 1,882 $196,288 $1,680,000 $38,775,980 $40,652,268

1,632,564 8,431 25,272 $3,459,782 $34,819,606 $150,554,420 $188,833,808

EnergySolutions
Class A - Debris 200,560,122 3,229,506 3,308,050 $3,804,262 $13,779,286 $211,423,909 $229,007,458
Class A - Oversize 9,967,521 146,943 184,730 $187,314 $784,285 $22,669,947 $23,641,545
Class A - Containerized Waste 1,053,914 12,287 16,303 $397,152 $364,322 $4,112,378 $4,873,851
Class A - Large Component 11,480,200 108,866 136,373 $6,313,568 $69,622,664 $43,582,464 $119,518,696
Class A- Mixed Waste 62,643 3,012 3,012 $67,887 $12,448 $801,226 $881,561

223,124,400 3,500,614 3,648,469 $10,770,182 $84,563,005 $282,589,924 $377,923,111
Other
Out of State Class III Landfill 1,909,207,440 25,212,269 29,372,422 $0 $146,326,469 $43,929,750 $190,256,219
Scrap Metal Recycler 184,787,372 377,117 7,391,495 $0 $911,926 $0 $911,926

2,093,994,812 25,589,386 36,763,917 $0 $147,238,394 $43,929,750 $191,168,144

Grand Total 2,318,751,776 29,098,431 40,437,658 $14,229,964 $266,621,006 $477,074,094 $757,925,064
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Appendix A

List of Systems and Structures
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Common

Type

Non
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Ess
Ess
Ess
Non
Non
Non
Non
Non
Non
Non
Non
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Struct
Ess
Ess

System Name or Description

Not Used
Administration Building (K-40/50)
AWS Building
Building L-50
Gunite Slope Protection
High Flow Make-Up Demineralizer Area
ISFSI Support Structures
Maintenance Building I (B-43/B-44)
Maintenance Building 2 (B-49/B-50)
Maintenance Building 4 (B-64/B-65)
Maintenance Building 5 (B-62/B-63)
Mesa Buildings
Not Used
Outage Control Center Building
REMS Staging Pad
Seawall - Units 2 & 3

Security Access Building (A-80, 81, 82)
Service Building (K-10, 20, 30)
South Security Processing Facility (K-70)
South Yard Facility Buildings (T-10, 20, 60 and Haz Mat.)
Staging Warehouse Building
Auxilary Control Systems - Unit 2
Fuel Handling Building Systems - Unit 2
Radwaste Systems - Unit 2
Condenstate Storage Systems - Unit 2
Containment Building Systems - Unit 2
Diesel Generator Systems - Unit 2
Full Flow Areas Systems - Unit 2
Intake Systems - Unit 2

Penetration Building Systems - Unit 2
Safety Equipment Building Systems - Unit 2
Turbine Bldg Equip to 9 ft - Unit 2
Condensate Storage Area - Unit 2
Containment Building - Unit 2
Control Building - Unit 2
Diesel Generator Building - Unit 2
Fuel Handling Building - Unit 2
Full Flow Building - Unit 2
Intake Structure - Unit 2
Penetration Building - Unit 2
Radwaste Building - Unit 2
Safety Equipment Building - Unit 2
Tunnels - Unit 2

Turbine Building - Unit 2
Auxilary Control Systems - Unit 3
Fuel Handling Building Systems -Unit 3
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Unit 3

Type System Name or Description

Ess Radwaste Systems - Unit 3
Non Condenstate Storage Systems - Unit 3
Non Containment Building Systems - Unit 3
Non Diesel Generator Systems - Unit 3
Non Full Flow Areas Systems - Unit 3
Non Intake Systems - Unit 3
Non Penetration Building Systems - Unit 3
Non Safety Equipment Building Systems - Unit 3
Non Turbine Bldg Equip to 9 ft - Unit 3
Non Turbine Generator to 63 ft - Unit 3
Struct Condensate Storage Tank Area - Unit 3
Struct Containment Building - Unit 3
Struct Control Building - Unit 3
Struct Diesel Generator Building - Unit 3
Struct Fuel Handling Building - Unit 3
Struct Full Flow Building - Unit 3
Struct Intake Structure - Unit 3
Struct Penetration Building - Unit 3
Struct Radwaste Building - Unit 3
Struct Safety Equipment Building - Unit 3
Struct Tunnels - Unit 3

Struct Turbine Building - Unit 3
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Appendix B

Spent Fuel Shipping Schedule
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SONGS Unit 2 & Unit 3
Spent Fuel Shipping Schedule

2024 DOE Acceptance

2016 2668 792 3460
2015 2668 792 3460 33 0 0 0 0 0 0
2016 2668 792 3460 33 0 0 0 0 0 0
2017 2668 792 3460 33 768 24 0 0 0 0

2018 1900 1560 3460 57 1,536 48 0 0 0 0
2019 364 3096 3460 105 364 13 0 0 0 0
2020 0 3460 3460 118 0 0 0 0 0 0
2021 0 3460 3460 118 0 0 0 0 0 0
2022 0 3460 3460 118 0 0 0 0 0 0
2023 0 3460 3460 118 0 0 0 0 0 0
2024 0 3460 3460 118 0 0 0 0 0 0
2025 0 3460 3460 118 0 0 0 0 0 0

2026 0 3460 3460 118 0 0 0 0 0 0
2027 0 3460 3460 118 0 0 0 0 0 0
2028 0 3460 3460 118 0 0 0 0 0 0

2029 0 3460 3460 118 0 0 0 0 0 0
2030 0 3460 3460 118 0 0 48 48 96 4
2031 0 3364 3364 114 0 0 192 96 288 12
2032 0 3076 3076 102 0 0 120 120 240 10

2033 0 2836 2836 92 0 0 0 96 96 4
2034 0 2740 2740 88 0 0 112 120 232 8
2035 0 2508 2508 80 0 0 96 96 192 6
2036 0 2316 2316 74 0 0 128 96 224 7
2037 0 2092 2092 67 0 0 0 0 0 0
2038 0 2092 2092 67 0 0 96 128 224 7
2039 0 1868 1868 60 0 0 96 96 192 6

2040 0 1676 1676 54 0 0 96 96 192 6
2041 0 1484 1484 48 0 0 0 0 0 0
2042 0 1484 1484 48 0 0 96 96 192 6

2043 0 1292 1292 42 0 0 96 96 192 6
2044 0 1100 1100 36 0 0 96 96 192 6
2045 0 908 908 30 0 0 128 96 224 7

2046 0 684 684 23 0 0 96 128 224 7
2047 0 460 460 16 0 0 96 230 326 II
2048 0 134 134 5 0 0 0 0 0 0
2049 0 134 134 5 0 0 134 0 134 5
2050 0 0 0 0 0 0 0 0 0 0
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Appendix C

Detailed Project Schedule
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Detailed Project Schedule

Prompt DECON, DOE Repository Opens 2024

ID Task Name Duration start
1 Post-Shutdown Spent Fuel Management 9982 days 06107/20131

2 Spent Fuel Shipping Complete - Unit 1 0 days 12131/203

2 3 4 5 6 7 8 910111213 41516171819 0 1 2 3 4 5 7 8 9 1 7 9 1

V

3 Spent fuel :Shipping Complete - Units 2 & 3 0 days 12/31/2049 12131/2049

4 SNF Pd I - Spent Fuel Management Transition 149 days 0610712013 12/3112013w
5 SNF Pd 1 Begins 0 days 06/07/2013 06/07/20i-13 •e7

6 Security Enhancements 45 days 10/31/2013 12/31/2013

7 Design and Fabricate Spent Fuel Canisters 120 days 06/07/2013 11/21/2013

8 Post Fukushima Modifications - Unit 2 148 days 06/07/2013 12/31/2013

9 Post Fukushima Modifications - Unit 3 148 days 06/07/2013 12/31/2013

10 Cyber Security Modifications 148 daysl 06/07/2013 12/31/2013

1111 SNF Pd 1 Ends 0 days 01/01/2014 01/01/2014 'Ah-t
onr ru ~- op.n. rue. iranarur rr1 U)' inuring. i0 ainys

v

SNFPdr 2u - Spent Fum Transfer to Dry Storage I•I1 gay| 11 -e I..

13 SNF Pd 2 Begins 0 days 01/01/2014 01/01/2014

14 Security Enhancements 60 days 01/0212014 03/2612014

15 Prepare Irradiated Fuel Management Plan 118 days 01/0212014 0611412014

16 Decay Heat Analysis 85 days 01/02/2014 04/30/2014

17 Zirconium Fire and Shine Analysis 42 days 01/02/2014 0212812014

18 Issue Irradiated Fuel Management Plan 0 days 09/16/2014 0911612014

.J~11

19 NRC Review of Irradiated Fuel Management Plan 82 days 09/17/2014 01/08/2015

20 ISFSI Expansion 513 days 01/02/2014

21 Select Dry Storage System Canister Design and Vendor 30 days

22 ISFSI Pad Study 220 days

12119/2015
02/12/2014

12/06/2014

Design IiSI-St xpansion 120 days 06/24/2014 12/0612014

24 ISFSI Permit Approved By California Coastal Commission 0 days 04/1112015 04/11/2015

25 Construct ISFSI Expansion 180 days 04114/2015 12/19/2015

26 Canister Purchase, Fabrication and Fuel Tranfer 1170 days 12/0912014 06/0112019

27 Purchase Spent Fuel Canisters and AHSMs - Unit 2 220 days 12/09/2014 10112015

28 Purchase Spent Fuel Canisters and AHSMs - Unit 3 220 days 12/09/2014 10/10/2015

29 Load Spent Fuel Canisters and Transfer to ISFSI - Unit 2 900 days 12/22/2015 06/01/2019

30 Load Spent Fuel Canisters and Transfer to ISFSI - Unit 3 900 days 12/22/2015 06/01/2019

31 Unit 2 Spent Fuel Pool Empty 0 days 06/01/2019 06/01/2019

32 Unit 3 Spent Fuel Pool Empty 0 days 06/01/2019 06/01/2019

33 SNF Pd 2 Ends 0 days 06/01/2019 06/01/2019

34 SNF Pd 3 - Dry Storage During Decommissioning - Units 1, 2 and 3 3265 days 06/01/2019 12/05/2031

35 SNF Pd 3 Begins 0 days 06/01/2019 06/01/2019

36 SNF Pd 3 Ends 0 days 12/0512031 12/05/2031

37 SNF Pd 4 - Dry Storage Only - Units 1, 2 and 3 1061 days 12/05/2031 12/31/2035

38 SNF Pd 4 Begins 0 days 12/05/2031 12/05/2031

39 SNF Pd 4 Ends 0 days 12/31/2035 12/31/2035

40 SNF Pd 5 - Dry Storage Only - Units 2 and 3 3654 days 1213112035 12/31/2049

41 SNF Pd 5 Begins 0 days 12/31/2035 12/31/2035

42 SNF Pd 5 Ends 0 days 12/31/2049 12/31/2049

43 SNF D&D Pd I - ISFSI D&D Planning 90 days 12/31/2049 05/04/2050

44 SNF D&D Pd 1 Begins 0 days 12/31/2049 12/31/2049

45 Preparation and NRC Review of License Termination Plan 90 days 01/01/2050 05/06/2050

46 SNF D&D Pd 1 Ends 0 days 05/06/2050 05/06/2050

U

41k112/31

12/31

12/31

12/31

12/31

12/31

Ft;

UP

6121

47 SNF D&D Pd 2 - ISFSI O&D 350 days 05/06/2050 09108/2051
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ID rI5i(Name I& Duration~BY~ 1121314 15 61718 191o0111I121t3114115lt6117118119120121122J231241251261271281291301311321333451361371839140114

49 Install GARDIAN Bulk Assay System 30 days 05/07/20501 06117/2050

50 Decon AHSMs 90 days 05/0712050 09/0912050
51 Final Status Survey of ISFSI 120 days 05/28/2050 11/11/2050

52 Clean Demolition of ISFSI AHSMs and Pad 145 days 09/10/2050 03/31/2051

53 Clean Demolition of ISFSI Support Structures 120 days 10115/2050 03/31/2051

54 Restore ISFSI Site 55 days 04/01/2051 06/16/2051

55 Preparation of Final Report on Decommissioning and NRC Review 60 days 06/17/2051 09/08/2051

56 SNF D&D Pd 2 Ends - License Termination Complete 0 days 09108/20511 09/08/2051

57 Post-Shutdown Spent Fuel Management Complete 0 days 1 09108/2051 09/08/2051
-J 4 - - - 4 ~ 4

58 Part 0 License Termination 5102 days 06/07/2013 12/24/2032 M' 0
'-4

59 Announcement of Cessation of Operations (June 7, 2013) 0 days
60 Decon Pd 1 - Transition to Decommissioning 149 days

1"'

Decon Pd 1 tBegins 0 days 06/0712013 06/07/2013
w

&-An,
62 Certification of Permanent Cessation Submitted to NRC (June 12, 2013) 0 days 06/0712013 06/0712013 •,'

63 Defuel Unit 3 Reactor 15 days 06/0712013 06/2712013

64 Defuel Unit 2 Reactor 15 days 06/07/2013 06/27/2013
65 Notification of Permanent Fuel Removal (July 23, 2013) 0 days 06/27/2013 06/2712013 6/27

66 Disposition of Legacy Wastes 60 days 07/19/2013 10/1012013

67 Decon Pd 1 Ends 0 days 01/01/2014 01/0112014 11

68 Decon Pd 2 - Decommissioning Planning and Site Modifications 389 days 111/2014 06/30/2015

69 Decon Pd 2 Begins 0 wks 01/01/2014 01/0112014 111

70 Preparation of Decommissioning License Documents 340 days 01/02/2014 04/22/2015

71 Develop Certified Fuel Handler Program 340 days 01/02/2014 04/22/2015

72 Prepare Post-Shutdown QA Plan 340 days 01/02/2014 04/22/2015

73 Prepare Post-Shutdown Security Plan 340 days 01/02/2014 04122/2015

74 Prepare Post-Shutdown Fire Protection Plan 340 days 01/02/2014 04/22/2015

75 Prepare Defueled Radiation Protection Manual 340 days 0110212014 04/22/2015

76 Prepare Preliminary Defueled Technical Specifications 63 days 01/02/2014 03/29/2014

77 NRC Deliverables 364 days 01/02/2014 05/26/2015

78 Prepare Defueled Safety Analysis Report (OSAR) 311 days 01/0212014 03/1212015
79 Submit DSAR to NRC 0 days 03/12/2015 03/12/2015

80 Implement Technical Specification Modifications 30 days 03/1312015 04/2312015

81 Prepare Post-Shutdown Emergency Preparedness Plan 304 days 01/02/2014 03/03/2015

82 Submit Emergency Plan to NRC 0 days 03/03/2015 03/0312015

83 NRC Review of Emergency Plan 60 days 03/04/2015 05/2612015

84 Prepare Post-Shutdown Decommissioning Activities Report (PSDAR) 121 days 01/02/2014 06/19/2014

85 Submit PSDAR to NRC 0 days 06/19/2014 06/19/2014

86 NRC Review of PSDAR 90 days 06120/2014 10/23/2014

87 Public Meeting on PSDAR 30 days 08/01/2014 09/11/2014

88 Prepare Decommissioning Cost Estimate (DCE) 160 days 01/02/2014 08/13/2014

89 Submit DCE to NRC 0 days 06/13/2014 08/1312014

90 NRC Review of Decommissioning Cost Estimate 90 days 08/14/2014 12/17/2014

91 Commencement of Major Decommisisoning Activities Allowable 0 days 10123/2014 10/23/2014

92 Respond to NRC quesitons on PSDAR 220 days 06/20/2014 04/23/2015

93 Disposition of Legacy Wastes 220 days 01/02/2014 11/0512014

94 Contract Award for Historic Site Assessment and Site Characterization 0 wks 01/1612014 01/16/2014 111

3/12

19

13

0/23

6

SCE-SER 000098

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-1, Page 102 of 291
(102 of 2110)



SONGS 2 & 3
Detailed Project Schedule

Prompt DECON, DOE Repository Opens 2024

ID ITask Name DurationI Start I Finish 1112 31415 1 617 1 191101111121t3114115116117118119120121122123124l25t26127128129130131132 3334135136137138139 140•1
95 Perform Historic Site Assessment and Site Characterization 180 days 01/17/2014 09/25/2014

96 Planning and Design For Cold and Dark 90 days 02101/2014 06/06/2014

97 Implement Cold and Dark (Repower Site) 275 days 06107/2014 06/26/2015

98 Install 12kV Service Line to Power Temporary Power Ring 90 days 02/21/2015 06/2612015

99 Drain and De-Energize Non-Essential Systems (DEC Process) 260 days 01/02/2014 12/3112014

100 Select Decommissioning General Contractor (DGC) 318 days 04/1112014 06/30/2015

101 Spent Fuel Pool Isolation 318 days 04/1112014 06/3012015

102 Design Spent Fuel Pool Support System Modifications 160 days 04/11/2014 11/20/2014

103 Design Control Room Relocation 125 days 04/1112014 10/02/2014

104 Design Spent Fuel Security System Modifications 130 days 04/111/2014 10/09/2014

105 Install Spent Fuel Pool System Modifications - Unit 2 66 days 11/21/2014 02/20/2015

106 Install Spent Fuel Pool System Modifications - Unit 3 66 days 02/21/2015 05/23/2015

107 Spent Fuel Pool Island System Training 10 days 05126/2015 06/0612015

108 Implement Control Room Modifications 185 days 10/03/2014 06/18/2015

109 Implement Spent Fuel Pool Security Modifications 180 days 10/10/2014 06/1812015

110 Transition Project Modifictations 262 days 06/28/2014 06/30/2015

111 DGC Contract Award 0 days 06/30/2015 06/30/2015

112 Decon Pd 2 Ends 0 wks 06/30/2015 06/30/2015

113 Decon Pd 3 - Decommissioning Preparations and Reactor Internals Segments 1024 days 06/3W2015 0610112019

114 Decon Pd 3 Begins 0 days 06/3012015 06/30/2015

115 DGC Mobilization and Planning 160 days 0710112015 02/09/2016

116 Prepare Integrated Work Sequence and Schedule for Decommissioning 90 days 07/01/2015 11/0312015

117 Prepare Detailed Work Procedures for Decommissioning 160 days 07/01/2015 02/09/2016

118 Planning and Design of Primary System Decontamination 135 days 07/01/2015 01/05/2016

119 Planning and Design of Infrastructure Improvements 60 days 07/0112015 09/22/2015

120 Design Containment Access Modifications 60 days 07/01/2015 09/22/2015

121 System Decon 400 days 01/0612016 07118/2017

122 Perform Primary System Decon- Unit 2 140 days 01/0612016 07/19/2016

123 Perform Primary System Decon- Unit 3 140 days 07/20/2016 01/31/2017

124 Hot Spot Decontamination - Unit 2 60 days 02/01/2017 04/25/2017

125 Hot Spot Decontamination - Unit 3 60 days 0412612017 07/18/2017

126 Rx Internals Removal Preparations 255 days 09123/2015 09113/2016

127 Modify Containment Access- Unit 2 90 days 09/2312015 01/26/2016

128 Modify Containment Access- Unit 3 90 days 01/27/2016 05/31/2016

129 Remove and Dispose of Missle Shields - Unit 2 30 days 01/27/2016 03/08/2016

130 Remove and Dispose of Reactor Head - Unit 2 45 days 03/0912016 05/10/2016

131 Remove and Dispose of Missle Shields - Unit 3 30 days 06/01/2016 07/12/2016

132 Remove and Dispose of Reactor Head - Unit 3 45 days 07/13/2016 09/13/2016

133 Reactor Internals Segmentation Planning and Implementation 1020 days 07/01/2015 0S/28/2019

134 Finalize Residual Radiation Inventory (Rx Vessel & Internals) 65 days 07/01/2015 09/29/2015

135 Prepare Activity Specification for Rx Vessel and Internals Segmentation 120 days 09/30/2015 03/15/2016

136 Select Shipping Casks and Obtain Shipping Permits 60 days 03/16/2016 06/07/2016

137 Design, Specify, and Procure Special Items and Materials 175 days 03/16/2016 11115=2016

138 Purchase Dry Storage Modules for GTCC Waste - Unit 2 90 days 07/01/2015 11/03/2015

I

I

6/30
0

0

139 Purchase Dry Storage Modules for GTCC Waste - Unit 3 90 days 1 07/01/2015 11103/2015 I
- - -....... r .-~. r -~1--~w~-lou osys -i 1,ioiLu]o FI I I

140 Test Special Cutting and Handling Equipment and I rain uperators 60u days 11I/16/2016I 02/07/2017 iiI1rinauze mnremais ana yasser oegmenung uerass - Unix I 31.) uays
141 Finalize Internals and Vessel Segmenting Details - Unit 2 ,30udays - -U/•UI I U-11IIvUI1
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ID Task Name [.Duration Start Finish [112131415
142 Segment, Package and Ulspose or Reactor Internals - Unit 2 24u days U,03Zzuu I/ U02L0/2U18 L
143 Transfer Internals Segmentation Equipment to Unit 3 60 days 02/21/2018 05/15/2018

144 Finalize Internals and Vessel Segmenting Details - Unit 3 30 days 05/16/2018 06/26/2018

145 Segment, Package and Dispose of Reactor Internals - Unit 3 240 days 06/27/2018 05/28/2019

146 Construct new change rooms, hot laundry, in-plant laydown areas 90 days 01/29/2019 06/01/2019

147 Procure Non-Engineered Standard Equipment 120 days 12/18/2018 06/01/2019

148 Decon Pd 3 Ends 0 wks 06/01/2019 06101/2019

149 Decon Pd 4 - Plant Systems and Large Component Removal 865 days 06/01/2019 09124/2022

150 Decon Pd 4 Begins 0 days 06/01/2019 06/01/2019

151 Upgrade Rail Spur 120 days 06/04/2019 11/16/2019

152 Install GARDIAN Bulk Assay System 30 days 06/04/2019 07/13/2019

153 Non Essential System Removal 640 days 07/16/2019 12/25/2021

154 Scaffolding for Non-Essential System Removal 120 wks 07/16/2019 10/30/2021

155 Asbestos Abatement for Non-Essential Systems Removal - Unit 2 60 wks 07/16/2019 09/05/2020

156 Lead Abatement for Non-Essential Systems Removal - Unit 2 60 wks 07/30/2019 09/19/2020

157 Remove, Package and Dispose of Non-Essential Systems - Unit 2 60 wks 09/10/2019 10/31/2020

158 Asbestos Abatement for Non-Essential Systems - Unit 3 60 wks 09/08/2020 10/30/2021

159 Lead Abatement for Non-Essential Systems - Unit 3 60 wks 09/22/2020 11/13/2021

160 Remove, Package and Dispose of Non-Essential Systems - Unit 3 60 wks 11/03/2020 12/25/2021

161 Remove Underground Diesel Tank - Unit 2 30 days 07/16/2019 08/24/2019

162 Remove Underground Diesel Tank - Unit 3 30 days 08/27/2019 10/05/2019

163 Fuel Pool Closure 300 days 06/0412019 07126/2020

164 Remove and Dispose of Spent Fuel Storage Racks - Unit 2 90 days 06/04/2019 10/05/2019

165 Remove and Dispose of Spent Fuel Storage Racks - Unit 3 90 days 10/08/2019 02/08/2020

166 Remove and Dispose of Legacy Class B and C Waste - Unit 2 30 days 10/08/2019 11/16/2019

167 Remove and Dispose of Legacy Class B and C Waste - Unit 3 30 days 11/19/2019 12t28/2019

168 Drain Spent Fuel Pool and Process Liquid Waste - Unit 2 24 wks 11119/2019 05/02/20201

169 Drain Spent Fuel Pool and Process Liquid Waste - Unit 3 24 wks 12/31/2019 06/13/2020

170 Segment, Package and Dispose of Spent Fuel Pool Island Equipment 30 days 06/16/2020 07/25/2020

171 Segment and Dispose of Fuel Pool Bridge Crane - Unit 2 30 days 10/08/2019 11/16/2019

172 Segment and Dispose of Fuel Pool Bridge Crane - Unit 3 30 days 11/19/2019 12/28/2019

173 Essential Systems Removal 180 days 00/16/2020 02/20/2021

174 Flush and Drain Essential Systems Following Fuel Pool Closure 30 days 06116/2020 07/25/2020

175 Scaffolding for Essential System Removal 30 wks 07/28/2020 02/20/2021

176 Asbestos Abatement for Essential Systems 30 wks 07/28/2020 02/20/2021

177 Lead Abatement for Essential Systems Removal 30 wks 07/28/2020 02/20/2021

178 Remove, Package and Dispose of Essential Systems 30 wks 07/28/2020 02/20/2021

179 Removal and Disposal of Spent Resins, Filter Media and Tank Sludge 30 days 01/12/2021 02/20/2021

180 Large Component Removal 865 days 06/04/2019 09/24/2022

181 Reactor Vessel Insulation Removal and Disposal - Unit 2 90 days 06/04/2019 10/05/2019

182 Segment, Package and Dispose of Reactor Pressure Vessel - Unit 2 260 days 06/04/2019 05/30/2020

183 Transfer Rx Vessel Segmentation Equipment to Unit 3 45 days 06/02/2020 08/01/2020

184 Procure Replacement Non-Engineered Standard Equipment 30 days 06/02/2020 07/11/2020

185 Reactor Vessel Insulation Removal and Disposal - Unit 3 90 days 08/04/2020 12/0&/2020

186 Segment, Package and Dispose of Reactor Pressure Vessel - Unit 3 260 days 08/04/2020 07/31/2021

187 Remove and Dispose of Steam Generators - Unit 2 240 days 06/02/20201 05/01/2021

6 7 8 9 01

oil

6/11

1121314115116117118119b'0121122123124t2527128129130131132133134135136 7138139 5 1I

I

0
0

emve andl Dispose of Pressurizer - Unit 2 60 days 1 05/4/Z2021 07/24r2021
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189 Remove ana uDspose of Steam tienerators - Unit 3 24U days U1u0/03/22I U11 U07/02r,
190 Remove and Dispose of Pressurizer - Unit 3 60 days 07/05/2022 09/24/2022

191 Remove and Dispose of Turbine Gantry Crane - Unit 2 140 days 05/04/2021 11/13/2021

192 Remove and Dispose of Turbine Gantry Crane - Unit 3 140 days 11/16/2021 05/28/2022

193 Prepare License Termination Plan 26 wks 03101/2022 08/27/2022

194 Decon Pd 4 Ends 0 days 09/24/2022 09/24/2022

195 Decon Pd 5 - Building Decontamination 470 days 09124/2022 07/13/2024

196 Decon Pd 5 Begins 0 days 09/24/2022 09/24/2022

197 Unit 3 305 days 09/27/2022 11/25/2023

198 Decon Containment Building - Unit 3 150 days 09/27/2022 04/22/2023

199 Decon Penetration Building - Unit 3 85 days 04/25/2023 08/19/2023

200 Decon Safety Equipment and MSIV Building - Unit 3 70 days 08/22/2023 11/25/2023

201 Decon Fuel Handling Building - Unit 3 65 days 09/27/2022 12/24/2022

202 Decon Turbine Building - Unit 3 30 days 09/27/2022 11/05/2022

203 Unit 2 425 days 11/08/2022 06122/2024

204 Decon Containment Building - Unit 2 150 days 04/25/2023 11/18/2023

205 Decon Penetration Building - Unit 2 85 days 11/21/2023 03116/2024

206 Decon Safety Equipment and MSIV Building - Unit 2 70 days 03119/2024 06/22/2024

207 Decon Fuel Handling Building - Unit 2 65 days 12/27/2022 03/25/2023

208 Decon Turbine Building - Unit 2 30 days 11/08/2022 12/17/2022

209 Common 470 days 09/27/2022 07113/2024
210 Decon Auxiliary Radwaste Building - Common 120 days 03/28/2023 09/09/2023

211 Decon Auxiliary Control Building - Common 20 days 09/12/2023 10/07/2023

212 Decon Condensate Area and Tunnels - Units 2 and 3 80 days 09112/2023 12/30/2023

213 Excavate. Remove and Dispose of Yard Area Drains 60 days 01/02/2024 03/23/2024

214 Remove and Dispose of Contaminated Sumps, Trenches and Pavement 60 days 01/02/2024 03/23/2024

215 Remove and Dispose of Radiologically Contaminated Soil 30 days 03/26/2024 05/04/2024

216 Dispose of Contaminated Decon Equipment and Tooling 15 days 06/25/2024 07/13/2024

217 Radiological Survey of Structures During Decon 410 days 09/2712022 04/20/2024

218 Decon Pd 5 Ends 0 days 07/13/2024 07/13/2024

219 Decon Pd 6 - License Termination During Demolition 2206 days 07/13/2024 12/24/2032

220 Decon Pd 6 Begins 0 days 07/13/2024 07/13/2024

221 Final Status Survey 1771 days 07/13/2024 04/25/2031

222 ORISE Verification and NRC Approval 18 mons 05/17/2031 10/01/2032

223 Prepare Final Report of Dismantling Program 60 days 10/02/2032 12/24/2032

224 Decon Complete - Partial License Termination 0 days 12/24/2032 12/24/2032

9/124

7/14

I I

I225 Decon Pd 6 Ends 0 days 12/24/2032 12/24/2032

226 Site Restoration 10052 daysI 0810712013 12/16/2051 I: __________ 1 II i I..
227 SK Pd I -Transition to Site Restorauon 38daaysl OW07120131 W3020 15uI
228 SR Pd 1 Begins 0 days 06/07/2013 06/07/2013

229 Mesa Site Phase I and II Site Assessment 60 days 04/11/2014 07/03/2014

230 Disposition Hazardous Waste from Mesa Site 30 days 07/04/2014 08/14/2014

231 Mesa Site Characterization Survey 120 days 11/07/2014 04/23/2015

232 Fuel Cancellation Expense 60 days 01/21/2014 04/12/2014

233 SR Pd 1 Ends 0 days 06/30/2015 06/30/2015
234 SR Pd 2 - Building Demolition During Decommissioning 530 days 06/30/20151 0711/2017

p.It p

, /30

S5R Pit 2 Begins o daysl OW/0/2U1,5 06/r=/015
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Prepare Site Restoration Uemolition I-an ano scneouie 12U days 07/U0/2015 12Y151 20~15

237 Obtain Required Permits For Mesa, South Access and South Yard 90 days 12/1612015 04/19/2016

238 South Access for Decommissioning 150 days 04/2012016 11115/2016

239 Demolish Service Building (K-10, 20, 30) 60 days 04/20/2016 07/12/2016

240 Demolish South Security Processing Facility (K-70) 30 days 07113/2016 08/23/2016

241 Demolish Staging Warehouse 30 days 08/24/2016 10/04/2016

242 Demolish Administration Building (K-40/50) 30 days 10/05/2016 11115/2016

243 South Yard Facility 105 days 04120/2016 09/13/2016

244 Demolish South Yard Area Buildings T-10, 20, 60 and Haz Mat. 90 days 04/20/2016 08/23/2016

245 Demolish REMS Staging Pad 15 days 08/24/2016 09/13/2016

246 Mesa 320 days 04/20/2016 07/11/2017

247 Demolish Mesa Buildings 140 days 04120/2016 11/01/2016

248 Remove Underground Fuel Storage Tanks 30 days 11/02/2016 12/13/2016

249 Demolish Mesa Roads and Parking Lots 60 days 12/14/2016 03/07/2017

250 Finish Grading and Re-vegetate Mesa Site 90 days 03/08/2017 07/11/2017

251 Mesa Area Cleared for Easement Termination 0 days 07/11/2017 07/11/2017

252 SR Pd 2 Ends 0 days 07/11/2017 07/11/2017

253 SR Pd 3 - Subsurface Demolition Engineering and Permitting 1250 days 10101/2019 07/13/2024

254 SR Pd 3 Begins 0 days 10/01/2019 10/01/2019

255 Hydrogeologic Investigation and Outfall Conduit Survey 120 days 10/01/2019 03/14/2020

256 Subsurface Structure Removal Engineering Planning and Design 120 days 03/17/2020 08/29/2020

257 Environmental Impacts Analyses for Lease Termination Activities 700 days 09/01/2020 05/06/2023

258 Final Site Grading and Shoreline Protection Engineering Planning and Design 90 days 05/09/2023 09/09/2023

259 Obtain Required Permits and Approvals 220 days 09/12/2023 07/13/2024

260 SR Pd 3 Ends 0 days 07/13/2024 07/13/2024

261 SR Pd 4 - Building Demolition to 3 Feet Below Grade 1110 days 07/13/2024 10/14/2028

262 SR Pd 4 Begins 0 days 07/13/2024 07/13/2024

263 Procure Building Demolition Equipment 1080 days 07/16/2024 09/02/2028

264 Demolition Preparations 80 days 0711612024 11/02/2024

265 Install Temporary Structures 30 days 07/16/2024 08/24/2024

266 Install Erosion and Sediment Controls 20 days 07/16/2024 08/1012024

267 Remove Cathodic Protection Trench 60 days 08/13/2024 11/02/2024

268 Remove Protected Area Security Fencing 45 days 08/13/2024 10/12/2024

269 Remove Protected Area Pavement 20 days 08/13/2024 09/07/2024

270 Unit 3 870 days 07/16/2024 11113/2027

271 Detension and Remove Unit 3 Containment Builidng Tendons 240 days 07/16/2024 06/14/2025

272 Demolish Diesel Generator Building - Unit 3 60 days 07/16/2024 10/05/2024

273 Demolish Condensate Building and Transformer Pads - Unit 3 60 days 10/08/2024 12/28/2024

274 Demolish Full Flow Area and Turbine Building - Unit 3 140 days 12/31/2024 07/12/2025

275 Demolish Unit 3 Fuel Handling Building to 3-Feet Below Grade 120 days 06/30/2026 12/12/2026

276 Demolish Penetration Building - Unit 3 60 days 06/30/2026 09/19/2026

277 Demolish Safety Equipmentand MSIV Building - Unit 3 60 days 07/15/2025 10104/2025

278 Demolish Unit 3 Containment Building to 3-Feet Below Grade 240 days 12/15/2026 11/13/2027

7111
1,7111

114

279 Unit 2 1020 days 11119/2024

280 Detension and Remove Unit 2 Containment Builidng Tendons 240 days

281 Demolish Diesel Generator Building - Unit 2 60 days

282 Demolish Condensate Building and Transformer Pads - Unit 2 60 days

10114/2028
05/16/2026

02/08/2025

I
1
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iO Task Name Duration Start Finish 11213 14 1516171819110111112113114115t 6117]tI 0Ol2t1221231412512612718L2913o0313213313413513371381914114;
283 uemolish iull i-ow Area and I urbine Uuilding - Uni 2 140 days U5I11OILU2O 1 ]11 ii ULO
284 Demolish Unit 2 Fuel Handling Building to 3-Feet Below Grade 120 days 12/1512026 05r29/2027

285 Demolish Penetration Building - Unit 2 60 days 06/01/2027 08/21/2027

286 Demolish Safety Equipment and MSIV Building - Unit 2 60 days 08124/2027 11113/2027

287 Demolish Unit 2 Containment Building to 3-Feet Below Grade 240 days 11/16/2027 10114/2028

288 Common 510 days 07116/2024 06127/2026

289 Demolish AWS Building 90 days 07/16/2024 11/16/2024

290 Demolish Building L-50 60 days 11/19/2024 02/08,2025

291 Demolish Building B-64/B-65 45 days 07/16/2024 09/14/2024

292 Demolish Building B-62/B-63 45 days 09/17/2024 11/16/2024

293 Demolish Outage Control Center 45 days 02/11/2025 04/12/2025

294 Demolish Building B-49/B-50 45 days 04/15/2025 06/14/2025

295 Demolish Building B-43/B-44 45 days 06/17/2025 08/16/2025

296 Demolish Auxiliary Radwaste Building - Common 160 days 05/06/2025 12/13/2025

297 Demolish Auxiliary Control Building - Common 160 days 11/18/2025 06127/2026

298 Remove Systems and Demolish Make-Up Demineralizer Structures 120 days 07/16/2024 12/28/2024

299 Install Concrete Plugs in Intake and Discharge Structures 90 days 08/27/2024 12/28/2024

300 Demolish Intake and Discharge Structures to 3-Feet Below Grade 60 days 11/18/2025 02/07/2026

301 SR Pd 4 Ends 0 days 10/14/2028 10/14/2028

302 SR Pd 5 - Subgrade Structure Removal Below -3 Feet 820 days 10/14/2028 12/05/2031

303 SR Pd 5 Begins 0 days 10/14/2028 10114/2028

304 Procure Subsurface Structure Demolition Equipment 520 days 10/17/2028 10/11/2030

305 Install Sheet Piling and Excavation Shoring 120 days 10/17/2028 03/31/2029

306 Install Dewatering System and Effluent Treatment and Discharge Controls 60 days 04/01/2029 06/22/2029

307 Unit 3 Subsurface Structures 480 days 06/23/2029 0412612031

308 Demolish and Backfill Unit 3 Condensate Storage Area Below -3 Feet 30 days 06/23/2029 08/03/2029

309 Demolish and Backfill Unit 3 Diesel Generator Builidng Below -3 Feet 30 days 08/04/2029 09114/2029

310 Demolish and Backfill Unit 3 Fuel Handling Building Below -3 Feet 120 days 09/15/2029 03/01/2030

311 Demolish and Backfill Unit 3 Radwaste Building Below -3 Feet 120 days 03/02/2030 08/16/2030

312 Demolish and Backfill Unit 3 Turbine Building Structure Below 9 Ft Elevatiot 120 days 06/23/2029 12/07/2029

313 Demolish and Backfill Unit 3 Safety Equipment Building Below -3 Feet 90 days 12/08/2029 04/12/2030

314 Demolish and Backfill Unit 3 Penetration Area Below -3 Feet 60 days 04113/2030 07/05/2030

315 Demolish and Backfill Unit 3 Full Flow Building Below -3 Feet 60 days 07/06/2030 09/27/2030

316 Demolish and Backfill Unit 3 Containment Building Below -3 Feet 180 days 08/17/2030 04/25/2031

317 Unit 2 Subsurface Structures 480 days 06/23/2029 04/25/2031

318 Demolish and Backfill Unit 2 Condensate Storage Area Below -3 Feet 30 days 06/23/2029 08/03/2029

319 Demolish and Backfill Unit 2 Diesel Generator Builidng Below -3 Feet 30 days 08/04/2029 09/14/2029

320 Demolish and Backfill Unit 2 Fuel Handling Building Below -3 Feet 120 days 09/15/2029 03/01/2030

321 Demolish and Backfill Unit 2 Radwaste Building Below -3 Feet 120 days 03/02/2030 08/16/2030

322 Demolish and Backfill Unit 2 Turbine Building Structure Below 9 Ft Elevatiol 120 days 06/23/2029 12/07/2029

323 Demolish and Backfill Unit 2 Safety Equipment Building Below -3 Feet 90 days 12/08/2029 04/12/2030

324 Demolish and Backfill Unit 2 Penetration Area Below -3 Feet 60 days 04/13/2030 07/05/2030

325 Demolish and Backfill Unit 2 Full Flow Building Below -3 Feet 60 days 07/06/2030 09/27/2030

I

q
**N

18s

P

I

I

Demolish and Backfill Unit 2 Containment Building Below -3 Feet 180 days 08/17/2030

327 Common Subgrade Structures 432 days
328 Demolish and Backfill Intake Structure Inside Seawall Below -3 Feet 220 days

04/25/2031
10/11/2030

10/11/2030

10/11/2036

1

Remove Off :Shore Intake and Outlall C~onduits 432 days
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SONGS 2 & 3
Detailed Project Schedule

Prompt DECON, DOE Repository Opens 2024

ID ITask Name I Duration start Finish 11 2 3 14 1516 17 18 19110111112113114115116117118119 01222123 24125126127128t29 0131132133134[35136 7138139101114.
330 Remove Sheet Piling and Excavation Shoring 120 days 04/2612031 1011012031

331 Remove Dewatering System and Effluent Treatment 90 days 04/26/2031 08/29/2031

332 Finish Grading and Re-Vegetate Site 140 days 04/26/2031 11/07/2031

333 Remove Temporary Structures 20 days 11/08/2031 12/05/2031

334 SR Pd 5 Ends 0 days 12/05/2031 12/05/2031

335 SR Pd 6 - Final Site Restoration and Lease Termination 420 days 05/06/2050 12/1512051

336 SR Pd 6 Begins 0 days 05/06/2050 05/06/2050

337 Obtain Required Permits and Approvals 60 days 05/07/2050 07/29/2050

338 Install Temporary Structures 10 days 07/30/2050 08/12/2050

339 Procure Site Restoration Equipment 265 days 07/30/2050 08/04/2051

340 Install Temporary Seawall or Coffer Dam 120 days 07/30/2050 01113/2051

341 Install Dewatering System and Effluent Treatment and Discharge Controls 45 days 11/12/2050 01/13/2051

342 Remove and Stockpile Existing Seawall Erosion Protection 10 days 07/30/2050 08/12/2050

343 Remove Unit 2 and 3 Seawall and Pedestrian Walkway 90 days 01/14/2051 05/19/2051

344 Remove Remaining Intake and Outfall Box Culvert 60 days 01/14/2051 04/0712051

345 Remove Temporary Seawall or Coffer Dam 90 days 04/08/2051 08/11/2051

346 Backfill and Compaction of Excavation 30 days 08/12/2051 09/22/2051

347 Remove Dewatering System and Effluent Treatment 20 days 05/20/2051 06/16/2051

348 Install Shoreline Erosion Control and Restoration Features 20 days 09/23/2051 10/20/2051

349 Remove Railroad Tracks, Rails and Ballast 60 days 05/20/2051 08/11/2051

350 Remove Gunite Slope Protection 110 days 07130/2050 12/30/2050

351 Remove Access Roads and Parking Lots 30 days 10/21/2051 12101/2051

352 Finish Grading and Re-Vegetate Site 60 days 09/23/2051 12/15/2051

353 Remove Temporary Structures 10 days 12/02/2051 12/15/2051

354 SR Pd 6 Ends 0 days 12/15/2051 12/15/2051

12/

I

S12115
121153 It-inal Easement i erminatlon U oays 12/15/25u1 12 12./Z051
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2014 Decommissioning Cost Analysis of the
San Onofre Nuclear Generating Station Units 2 & 3

Document No. 164001-DCE-001

Appendix D

Detailed Cost Table
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status POL Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry

Fuel Pool Systems Modified

Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

A. License Termination

Decon Pd 1 Transition to Deconunissioning
Distributed

1.05 Disposition of Legacy Wastes $0 $0 $9,153 $735 $0 $9,888

Distributed Subtotal $0 $0 $9,153 $735 $0 $9,888

Undistributed
1.01 Utility Staff $30,049 $0 $0 $0 $0 $30.049
1.05 Insurance $0 $0 $0 $5,352 $0 $5,352
1.07 NRC Decommissioning Fees $0 $0 $0 $1,349 $0 $1,349
1.08 Materials and Services $0 $0 $0 $1,007 $0 $1,007
1.10 Energy $0 $0 $0 $2,422 $0 $2,422
1.17 Association Fees and Expenses $0 $0 $0 $315 $0 $315
1.18 Utilities (Water, gas, phone) $0 $0 $0 $840 $0 $840
1.20 Non-Process Computers $0 $0 $0 $224 $0 $224
1.21 Telecommunications $0 $0 $0 $41 $0 $41
1.22 Personal Computers $0 $0 $0 $9 $0 $9
1.24 Environmental Permits and Fees $0 $0 $0 $818 $0 $818

Undistributed Subtotal $30,049 $0 $0 $12,378 $0 $42,426

Decon Pd I Subtotal $30,049 $0 $9,153 $13,113 $0 $52,315

Page 1 of 27

SCE-SER 000106

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-1, Page 110 of 291
(110 of 2110)



Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status POL Unit 2 Shut Down: 6/7/2013

Decommissioning Alternative DECON Fuel Pool Systems Modified Unit 3 Shut Down: 6/7/2013

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

Decon Pd 2 Decommissioning Planning and Site Modifications

Distributed
2.01 Develop Certified Fuel Handler Program $143 $1 $0 $0 $36 $180

2.02 Prepare Post-Shutdown QA Plan $427 $1 $0 $0 $107 $535

2.03 Prepare Post-Shutdown Security Plan $427 $1 $0 $0 $107 $535

2.04 Prepare Post-Shutdown Fire Protection Plan $427 $1 $0 $0 $107 $535

2.05 Prepare Defueled Radiation Protection Manual $427 $1 $0 $0 $107 $535

2.06 Prepare Preliminary Defueled Technical Specifications $0 $0 $0 $135 $34 $169

2.07 Prepare Defueled Safety Analysis Report (DSAR) $1,279 $5 $0 $0 $321 $1,605

2.08 Implement Technical Specification Modifications $1,332 $5 $0 $0 $334 $1,671

2.09 Prepare Post-Shutdown Emergency Preparedness Plan $634 $1 $0 $0 $159 $793

2.10 NRC Review of Emergency Preparedness Plan $0 $0 $0 $105 $26 $131

2.11 Prepare Post-Shutdown Decommissioning Activities Report (PSDAR) $550 $1 $0 $0 $138 $688

2.12 NRC Review of Post-Shutdown Decommissioning Activities Report (PSDAR) $0 $0 $0 $105 $26 $131

2.13 Respond to NRC quesitons on PSDAR $34 $1 $0 $0 $9 $43

2.14 Prepare Decommissioning Cost Estimate (DCE) $1,429 $4 $0 $0 $358 $1,791

2.15 NRC Review of Decommissioning Cost Estimate $0 $0 $0 $105 $26 $131

2.16 Disposition of Legacy Wastes $0 $0 $16,457 $0 $4,114 $20,571

2.17 Perform Historic Site Assessment and Site Characterization $6,784 $838 $0 $0 $1,143 $8,765

2.18 Planning and Design For Cold and Dark $9.716 $90 $0 $0 $2,451 $12,257

2.19 Implement Cold and Dark (Repower Site) $16,141 $17,860 $0 $0 $8,500 $42,501

2.20 Install 12kV Service Line to Power Temporary Power Ring $0 $0 $0 $5,250 $1,313 $6,563

2.21 Drain and De-Energize Non-Essential Systems (DEC Process) $822 $183 $1,485 $0 $623 $3,114

2.22 Select Decommissioning General Contractor $645 $8 $0 $0 $163 $817

2.23 Design Spent Fuel Pool Support System Modifications $622 $8 $0 $0 $157 $787

2.24 Design Control Room Relocation $601 $7 $0 $0 $152 $760

2.25 Design Spent Fuel Security System Modifications $459 $5 $0 $0 $116 $580

2.26 Install Spent Fuel Pool System Modifications - Unit 2 $1,863 $4,101 $0 $0 $1,491 $7,456

2.27 Install Spent Fuel Pool System Modifications - Unit 3 $1,863 $4,101 $0 $0 $1,491 $7,456

2.28 Spent Fuel Pool System Modification Training $0 $0 $0 $273 $68 $341

2.29 Implement Control Room Modifications $1,004 $1,519 $0 $0 $631 $3,153

2.30 Implement Spent Fuel Pool Security Modifications $525 $795 $0 $0 $330 $1,650

2.31 Transition Project Modifications $0 $0 $0 $105 $26 $131
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status POL Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry

Fuel Pool Systems Modified

Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

Distributed Subtotal $48,154 $29,538 $17,942 $6,077 $24,665 $126,376

Undistributed
1.01 Utility Staff $56,478 $0 $0 $0 $14,119 $70,597
1.02 Utility Staff HP Supplies $0 $1,781 $0 $0 $445 $2,226
1.03 Security Guard Force $2,087 $0 $0 $0 $522 $2,609
1.04 Security Related Expenses $77 $0 $0 $0 $19 $96
1.05 Insurance $0 $0 $0 $4,446 $1,111 $5,557
1.06 Site Lease and Easement Expenses $0 $0 $0 $470 $70 $540
1.07 NRC Decommissioning Fees $0 $0 $0 $2,390 $598 $2.988
1.08 Materials and Services $0 $3,208 $0 $0 $802 $4,010
1.09 DAW Disposal $0 $0 $295 $0 $74 $369
1.10 Energy $0 $0 $0 $6,338 $1,584 $7,922
1.13 Craft Worker Training $234 $0 $0 $0 $58 $292
1.14 Workers Compensation Insurance $0 $0 $0 $283 $71 $353
1.15 Community Outreach $1,638 $0 $0 $1,830 $867 $4,335
1.16 Property Tax $0 $0 $0 $2,350 $588 $2,938
1.17 Association Fees and Expenses $0 $2,350 $0 $0 $588 $2,938
1.18 Utilities (Water, gas, phone) $0 $738 $0 $0 $185 $923
1.20 Non-Process Computers $0 $157 $0 $0 $39 $196
1.21 Telecommunications $0 $157 $0 $0 $39 $196
1.24 Environmental Permits and Fees $0 $0 $0 $2,977 $744 $3,721
1.25 Decommissioning Advisor $0 $0 $0 $1,567 $392 $1,958

Undistributed Subtotal $60,513 $8,391 $295 $22,650 $22,915 $114,764

Decon Pd 2 Subtotal $108,667 $37,928 $18,237 $28,727 $47,581 $241,140

Page 3 of 27

SCE-SER 000108

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-1, Page 112 of 291
(112 of 2110)



Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status POL Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON Fuel Pool Systems Modified

Repository Opening Date: 1/1/2024Spent Fuel Alternative Dry

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

Decon Pd 3 Deconunissioning Preparations and Reactor Internals Segmentation
Distributed

3.01 Prepare Integrated Work Sequence and Schedule for Decommissioning $952 $0 $0 $0 $238 $1,190
3.02 Prepare Detailed Work Procedures and Activity Specifications for Decommissioning $14,920 $70 $0 $0 $3,748 $18,738
3.03 Planning and Design of Primary System Decontamination $516 $4 $0 $0 $130 $649
3.04 Planning and Design Site Infrastructure Improvements $341 $4 $0 $0 $86 $431
3.05 Design Containment Access Modifications $557 $6 $0 $0 $141 $705
3.06 Primary System Decontamination - Unit 2 $1,447 $1,857 $2,228 $0 $1,383 $6,914
3.07 Primary System Decontamination - Unit 3 $1,447 $1,857 $2,228 $0 $1,383 $6,914
3.08 Hot Spot Decontamination - Unit 2 $580 $887 $743 $0 $552 $2,761
3.09 Hot Spot Decontamination - Unit 3 $580 $913 $743 $0 $559 $2,794
3.10 Modify Containment Access- Unit 2 $315 $611 $0 $0 $231 $1,157
3.11 Modify Containment Access- Unit 3 $315 $611 $0 $0 $231 $1,157
3.12 Remove and Dispose of Missle Shields - Unit 2 $206 $30 $81 $0 $79 $395
3.13 Remove and Dispose of Reactor Head - Unit 2 $879 $453 $2,463 $0 $949 $4,744
3.14 Remove and Dispose of Missile Shields - Unit 3 $437 $178 $3,375 $0 $997 $4,987
3.15 Remove and Dispose of Reactor Head - Unit 3 $879 $453 $2,463 $0 $949 $4,744
3.16 Finalize Residual Radiation Inventory $125 $0 $0 $287 $103 $516
3.17 Prepare Activity Specifications $7,328 $696 $0 $0 $2,006 $10,031
3.18 Select Shipping Casks and Obtain Shipping Permits $49 $0 $0 $0 $12 $62
3.19 Design, Specify, and Procure Special Items and Materials $972 $5,379 $0 $0 $1,588 $7,938
3.22 Test Special Cutting and Handling Equipment and Train Operators $1,157 $148 $0 $0 $326 $1,631
3.23 Finalize Internals and Vessel Segmenting Details - Unit 2 $212 $16 $0 $0 $57 $284
3.24 Segment, Package and Dispose of Reactor Internals - Unit 2 $5,669 $2,036 $62,661 $0 $17,591 $87,957
3.25 Transfer Internals Segmentation Equipment to Unit 3 $131 $19 $0 $0 $37 $187
3.26 Finalize Internals and Vessel Segmenting Details - Unit 3 $212 $16 $0 $0 $57 $284
3.27 Segment, Package and Dispose of Reactor Internals - Unit 3 $5,669 $2,036 $62,661 $0 $17,591 $87,957
3.28 Construct New Change Rooms, Hot Laundry, In-Plant Laydown Areas $0 $1,290 $0 $0 $194 $1,484
3.29 Procure Non-Engineered Standard Equipment $0 $5,454 $0 $0 $1,364 $6,818

Distributed Subtotal $45,893 $25,024 $139,643 $287 $52,583 $263,431

Undistributed
1.01 Utility Staff $79,350 $0 $0 $0 $19,837 $99,187
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status

Fuel Pool Systems

POL

Modified

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

1.02 Utility Staff HP Supplies $0 $2,693 $0 $0 $673 $3,366

1.03 Security Guard Force $5,484 $0 $0 $0 $1,371 $6,855
1.04 Security Related Expenses $326 $0 $0 $0 $82 $408
1.05 Insurance $0 $0 $0 $8,000 $2,000 $10,000

1.06 Site Lease and Easement Expenses $0 $0 $0 $1,235 $185 $1,420

1.07 NRC Decommissioning Fees $0 $0 $0 $6,281 $1,570 $7,851
1.08 Materials and Services $0 $4,582 so $0 $1,145 $5.727

1.09 DAW Disposal $0 $0 $424 $0 $106 $529
1.10 Energy $0 $0 $0 $10,226 $2,556 $12,782

1.11 Decommissioning General Contractor Staff $62,219 $0 $0 $0 $15,555 $77,773

1.12 DGC HP Supplies $0 $1,558 $0 $0 $389 $1,947
1.13 Craft Worker Training $1,842 $0 $0 $0 $460 $2.302
1.14 Workers Compensation Insurance $0 $0 $0 $742 $186 $928
1.15 Community Outreach $4,303 $0 $0 $4,808 $2,278 $11,390

1.16 Property Tax $0 $0 $0 $6,175 $1,544 $7,719
1.17 Association Fees and Expenses $0 $6,175 $0 $0 $1,544 $7,719
1.18 Utilities (Water, gas, phone) $0 $1,106 $0 $0 $277 $1,383

1.19 Tools and Equipment $0 $182 $0 $0 $45 $227
1.20 Non-Process Computers $0 $412 $0 $0 $103 $515
1.21 Telecommunications $0 $412 $0 $0 $103 $515

1.22 Personal Computers $0 $0 $0 $89 $22 $111
1.24 Environmental Permits and Fees $0 $0 $0 $7,822 $1,955 $9,777
1.25 Decommissioning Advisor $0 $0 $0 $4,117 $1,029 $5,146

Undistributed Subtotal $153,524 $17,119 $424 $49,495 $55,017 $275,579

Decon Pd 3 Subtotal $199,417 $42,144 $140,067 $49,782 $107,600 $539,009
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status POL Unit 2 Shut Down: 6/7/20 13

Decommissioning Alternative DECON Fuel Pool Systems Modified Unit 3 Shut Down: 6/7/20 13

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

Decon Pd 4 Plant Systems and Large Component Removal
Distributed

4.01 Upgrade Rail Spur $0 $0 $0 $3.277 $819 $4,096

4.02 Install GARDIAN System $0 $0 $0 $525 $131 $656

4.03 Scaffolding for Non-Essential System Removal $3,516 $1,144 $200 $0 $1,215 $6,075

4.04 Asbestos Abatement and Hazardous Waste Disposal for Non-Essential Systems - Unit $0 $0 $0 $1,050 $525 $1,575
4.05 Lead Abatement for Non-Essential Systems Removal - Unit 2 $2,287 $23 $411 $0 $1,361 $4,082

4.06 Remove, Package and Dispose of Non-Essential Systems - Unit 2 $33,512 $5,597 $31,969 $0 $17,769 $88,847

4.07 Asbestos Abatement and Hazardous Waste Disposal for Non-Essential Systems - Unit $0 $0 $0 $1,050 $525 $1,575
4.08 Lead Abatement for Non-Essential Systems - Unit 3 $2,287 $399 $411 $0 $1,549 $4,647

4.09 Remove, Package and Dispose of Non-Essential Systems - Unit 3 $36,851 $6,313 $36,610 $0 $19,944 $99,718
4.10 Remove Underground Diesel Tank -Unit 2 $111 $45 $0 $41 $49 $247

4.11 Remove Underground Diesel Tank - Unit 3 $111 $45 $0 $41 $49 $247

4.12 Remove and Dispose of Spent Fuel Storage Racks - Unit 2 $42 $36 $4.922 $0 $1.250 $6,250
4.13 Remove and Dispose of Spent Fuel Storage Racks - Unit 3 $42 $36 $4,922 $0 $1,250 $6,250
4.14 Remove and Dispose of Legacy Class B and C Waste - Unit 2 $0 $0 $500 $0 $125 $625

4.15 Remove and Dispose of Legacy Class B and C Waste - Unit 3 $0 $0 $500 $0 $125 $625
4.16 Drain Spent Fuel Pool and Process Liquid Waste - Unit 2 $557 $703 $0 $0 $315 $1,575
4.17 Drain Spent Fuel Pool and Process Liquid Waste - Unit 3 $557 $703 $0 $0 $315 $1,575
4.18 Segment. Package and Dispose of Spent Fuel Pool Island Equipment $11 $2 $107 $0 $30 $150

4.19 Segment and Dispose of Fuel Pool Bridge Crane -Unit 2 $85 $12 $168 $0 $66 $332
4.20 Segment and Dispose of Fuel Pool Bridge Crane - Unit 3 $85 $12 $168 $0 $66 $332
4.21 Flush and Drain Essential Systems Following Fuel Pool Closure $226 $181 $2,970 $0 $844 $4,221

4.22 Scaffolding for Essential System Removal $989 $322 $56 $0 $342 $1,708

4.23 Asbestos Abatement and Hazardous Waste Disposal for Essential Systems $0 $0 $0 $788 $394 $1,181
4.24 Lead Abatement for Essential Systems Removal $332 $58 $59 $0 $225 $674

4.25 Remove, Package and Dispose of Essential Systems $33,774 $5,869 $17,264 $0 $14,227 $71,134

4.26 Removal and Disposal of Spent Resins. Filter Media and Tank Sludge $90 $40 $7,425 $0 $1,889 $9,445

4.27 Reactor Vessel Insulation Removal and Disposal - Unit 2 $105 $12 $147 $0 $66 $331
4.28 Segment. Package and Dispose of Reactor Pressure Vessel - Unit 2 $1,044 $2,834 $29,313 $0 $8,298 $41,489

4.2 9 Transfer Rx Vessel Segmentation Equipment to Unit 3 $122 $18 $0 $0 $35 $175
4.30 Procure Replacement Non-Engineered Standard Equipment $0 $454 $0 $0 $114 $568

4.31 Reactor Vessel Insulation Removal and Disposal - Unit 3 $105 $12 $147 $0 $66 $331
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status

Fuel Pool Systems

POL

Modified

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

4.32 Segment, Package and Dispose of Reactor Pressure Vessel - Unit 3 $1,044 $2,834 $29,313 $0 $8,298 $41.489
4.33 Remove and Dispose of Steam Generators - Unit 2 $2,789 $1,288 $18,154 $0 $5,558 $27,788
4.34 Remove and Dispose of Pressurizer - Unit 2 $462 $70 $2,620 $0 $788 $3,940
4.35 Remove and Dispose of Steam Generators - Unit 3 $2,789 $1,288 $18,154 $0 $5,558 $27,788
4.36 Remove and Dispose of Pressurizer - Unit 3 $462 $70 $2,620 $0 $788 $3,940
4.37 Remove and Dispose of Turbine Gantry Crane - Unit 2 $445 $229 $0 $4 $170 $848
4.38 Remove and Dispose of Turbine Gantry Crane - Unit 3 $445 $229 $0 $4 $170 $848
4.39 Prepare License Termination Plan $1,646 $149 $0 $0 $449 $2,244

Distributed Subtotal $126,926 $31,029 $209,131 $6,779 $95,755 $469,620

Undistributed
1.01 Utility Staff
1.02 Utility Staff HP Supplies
1.03 Security Guard Force
1.04 Security Related Expenses
1.05 Insurance
1.06 Site Lease and Easement Expenses
1.07 NRC Decommissioning Fees
1.08 Materials and Services
1.09 DAW Disposal
1.10 Energy
1.11 Decommissioning General Contractor Staff

1.12 DGC HP Supplies
1.13 Craft Worker Training
1.14 Workers Compensation Insurance
1.15 Community Outreach
1.16 Property Tax
1.18 Utilities (Water. gas, phone)
1.19 Tools and Equipment
1.20 Non-Process Computers
1.21 Telecommunications
1.24 Environmental Permits and Fees
1.25 Decommissioning Advisor

$71,956

$0
$4,638

$1,007

$0
$0
$0
$0
$0
$0

$125,798

$0
$7,788

$0
$3,639

$0
$0
$0
$0
$0
$0
$0

$0

$2,715

$0
$0
$0
$0
$0

$4,204

$0

$0

$0

$5,834

$0
$0
$0
$0

$1,007

$423

$348

$348

$0
$0

$0

$0
$0
$0
$0
$0
$0
$0

$1,568

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0

$0
$0
$0
$0

$3,653
$1,044
$5,312

$0
$0

$7,568

$0
$0
$0

$628
$4,066
$5,222

$0
$0
$0
$0

$6,615
$2,611

$17,989

$679

$1,159

$252

$913

$157

$1,328

$1,051

$392

$1,892

$31,449

$1,458

$1,947

$157
$1,926

$1,306

$252

$106

$87

$87

$1,654

$653

$89,945

$3,394

$5,797

$1,259

$4,566

$1,201

$6,639

$5,255

$1,960

$9,460

$157,247

$7,292

$9,735

$785

$9,632

$6,528

$1,258

$529

$435

$435

$8,268

$3,264
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

Decommissioning Alternative DECON

Spent Fuel Alternative Dry

License Status POL

Fuel Pool Systems Modified

Repository Opening Date: 1/1/2024

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

Undistributed

Decon Pd 4

Subtotal

Subtotal

$214,826

$341,752

$14,879

$45,908

$1,568

$210,699

$36,718

$43,497

$66,893

$162,649

$334,884

$804,504
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status POL Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry

Fuel Pool Systems Modified

Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

Decon Pd 5 Building Decontamination
Distributed

5.01 Decon Containment Building - Unit 3 $6,056 $3,318 $54,825 $0 $16,050 $80,249

5.02 Decon Penetration Building - Unit 3 $1,065 $351 $2,933 $0 $1,087 $5,437

5.03 Decon Safety Equipment and MSIV Building - Unit 3 $905 $390 $5,562 $0 $1,715 $8,573

5.04 Decon Fuel Handling Building - Unit 3 $1,275 $577 $16,101 $0 $4,488 $22,442

5.05 Decon Turbine Building - Unit 3 $100 $95 $3,925 $0 $1,030 $5,150

5.06 Decon Containment Building - Unit 2 $6,056 $3,318 $54,825 $0 $16,050 $80,249

5.07 Decon Penetration Building - Unit 2 $1,065 $351 $2.933 $0 $1,087 $5,437

5.08 Decon Safety Equipment and MSIV Building - Unit 2 $911 $396 $5,777 $0 $1,771 $8,854

5.09 Decon Fuel Handling Building - Unit 2 $1,275 $577 $16,101 $0 $4,488 $22,442

5.10 Decon Turbine Building - Unit 2 $100 $95 $3,925 $0 $1,030 $5,150

5.11 Decon Auxiliary Radwaste Building - Common $943 $691 $17,999 $0 $4,908 $24,541

5.12 Decon Auxiliary Control Building- Common $198 $163 $38 $0 $100 $499
5.13 Decon Condensate Area and Tunnels - Units 2 & 3 $375 $316 $403 $0 $274 $1,368
5.14 Excavate, Remove and Dispose of Yard Area Drains $1,159 $128 $240 $0 $382 $1,908

5.15 Remove and Dispose of Contaminated Sumps, Trenches and Pavement $185 $21 $746 $0 $238 $1,191
5.16 Remove and Dispose of Radiologically Contaminated Soil $192 $216 $1,158 $0 $392 $1,958
5.17 Segment, Package and Dispose of Contaminated Decon Equipment and Tooling $38 $6 $92 $0 $34 $170

5.18 Radiological Survey of Structures During Decon $4,702 $3,666 $0 $0 $1,255 $9,623

Distributed Subtotal $26,600 $14,676 $187,585 $0 $56,379 $285,240

Undistributed
1.01 Utility Staff

1.02 Utility Staff HP Supplies

1.03 Security Guard Force

1.04 Security Related Expenses

1.05 Insurance

1.06 Site Lease and Easement Expenses

1.07 NRC Decommissioning Fees

1.08 Materials and Services

1.09 DAW Disposal

1.10 Energy

$29,516

$0
$2,520

$560
$0
$0
$0
$0
$0
$0

$0
$997

$0
$0
$0
$0
$0

$1,668
$0
$0

$0
$0
$0
$0
$0
$0
$0
$0

$464

$0

$0
$0
$0
$0

$1,985
$567

$2,886
$0
$0

$2.336

$7,379

$249

$630

$140

$496

$85

$722
$417

$116

$584

$36,895

$1,247

$3,150

$701

$2,481

$652

* $3,608

$2,086

$580

$2,920
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status

Fuel Pool Systems

POL

Modified

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

1.11 Decommissioning General Contractor Staff $56,286 $0 $0 $0 $14,071 $70,357
1.12 DGC HP Supplies $0 $3,170 $0 $0 $792 $3,962
1.13 Craft Worker Training $1,693 $0 $0 $0 $423 $2,116
1.14 Workers Compensation Insurance $0 $0 $0 $341 $85 $426
1.15 Community Outreach $862 $0 $0 $964 $457 $2,283
1.16 Property Tax $0 $0 $0 $2,837 $709 $3,547
1.18 Utilities (Water, gas, phone) $0 $413 $0 $0 $103 $517
1.19 Tools and Equipment $0 $204 $0 $0 $51 $255
1.20 Non-Process Computers $0 $189 $0 $0 $47 $236
1.21 Telecommunications $0 $189 $0 $0 $47 $236
1.22 Personal Computers $0 $0 $0 $71 $18 $88
1.24 Environmental Permits and Fees $0 $0 $0 $3,594 $899 $4,493
1.25 Decommissioning Advisor $0 $0 $0 $825 $206 $1,031

Undistributed Subtotal $91,437 $6,832 $464 $16,406 $28,728 $143,866

Decon Pd 5 Subtotal $118,037 $21,508 $188,049 $16,406 $85,106 $429,106
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status POL Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry

Fuel Pool Systems Modified

Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

Decon Pd 6 License Termination During Demolition
Distributed

6.01 Final Status Survey $9,613 $3,088 $0 $2,360 $2,259 $17,320
6.02 Prepare Final Report of Dismantling Program $164 $4 $0 $0 $42 $210

Distributed Subtotal $9,777 $3,091 $0 $2,360 $2,301 $17,530

Undistributed
1.01 Utility Staff $1,378 $0 $0 $0 $345 $1,723
1.04 Security Related Expenses $4 $0 $0 $0 $1 $5
1.07 NRC Decommissioning Fees $0 $0 $0 $13,535 $3,384 $16,919
1.08 Materials and Services $0 $47 $0 $0 $12 $58
1.09 DAW Disposal $0 $0 $62 $0 $16 $78
1.10 Energy $0 $0 $0 $1,872 $468 $2,340
1.11 Decommissioning General Contractor Staff $651 $0 $0 $0 $163 $814
1.12 DGC HP Supplies $0 $301 $0 $0 $75 $376
1.15 Community Outreach $2,386 $0 $0 $2,666 $1,263 $6,315
1.18 Utilities (Water, gas, phone) $0 $10 $0 $0 $3 $13

Undistributed Subtotal $4,420 $357 $62 $18,074 $5,728 $28,641

Decon Pd 6 Subtotal $14,197

$812,119

$3,449

$150,936

$62 $20,434 $8,029

$410,965

$46,171

$2,112,246A. License Termination Subtotal $566,266 $171,959

Page 11 of 27

SCE-SER 000116

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-1, Page 120 of 291
(120 of 2110)



Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status

Fuel Pool Systems

POL

Modified

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

B. Spent Fuel

SNF Pd 1 Spent Fuel Management Transition
Distributed

7.01 Security Shut Down Strategy $0 $0 $0 $8.388 $0 $8,388

7.02 Design and Fabricate Spent Fuel Canisters $0 $0 $0 $8,842 $0 $8,842

7.03 Post Fukushima Modifications - Unit 2 $0 $0 $0 $126 $0 $126

7.05 Cyber Security Modifications so $0 $0 $1,901 $0 $1,901

Distributed Subtotal $0 $0 $0 $19,258 $0 $19,258

Undistributed
2.01 Utility Spent Fuel Staff $38,478 $0 $0 $0 $0 $38,478
2.04 Security Guard Force $69,889 $0 $0 $0 $0 $69,889

2.09 Emergency Preparedness Fees $0 $0 $0 $2,340 $0 $2,340

2.10 Spent Fuel Maintenance $0 $0 $0 $32 $0 $32

Undistributed Subtotal $108,367 $0 $0 $2,372 $0 $110,739

SNF Pd 1 Subtotal $108,367 $0 $0 $21,630 $0 $129,997
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status

Fuel Pool Systems

POL

Modified

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Deconmmissioning Alternative DECON

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

SNF Pd 2 Spent Fuel Transfer to Dry Storage
Distributed

8.01 Security Shut Down Strategy $0 $0 $0 $2,855 $714 $3,569
8.02 Decay Heat Analysis $0 $0 $0 $105 $26 $131
8.03 Zirconium Fire/ Shine Analysis $0 $0 $0 $105 $26 $131
8.05 NRC Review of Irradiated Fuel Management Plan $0 $0 $0 $105 $26 $131
8.07 ISFSI Pad Study $0 $0 $0 $103 $26 $129
8.08 Design ISFSI Expansion $0 $0 $0 $3,150 $788 $3,938
8.09 Construct ISFSI Expansion $0 $0 $0 $33,600 $8,400 $42,000
8.10 Purchase and Fabrication of Spent Fuel Canisters and AHSMs - Unit 2 $0 $49,613 $0 $0 $12,403 $62,016
8.11 Purchase and Fabrication Spent Fuel Canisters and AHSMs - Unit 3 $0 $50,794 $0 $0 $12,698 $63,492
8.12 Deliver and Load Spent Fuel Canisters and Transfer to ISFSI - Unit 2 $71,338 $17,478 $0 $0 $22,204 $111,021
8.13 Deliver and Load Spent Fuel Canisters and Transfer to ISFSI - Unit 3 $73,037 $17,894 $0 $0 $22,733 $113,664

Distributed Subtotal $144,375 $135,779 $0 $40,023 $80,044 $400,221

Undistributed
2.01 Utility Spent Fuel Staff $90,824 $0 $0 $0 $22,706 $113,530
2.02 Utility Staff HP Supplies $0 $6,590 $0 $0 $1,647 $8,237
2.04 Security Guard Force $112,313 $0 $0 $0 $28,078 $140,391
2.05 Security Related Expenses $1,334 $0 $0 $0 $333 $1,667
2.06 Insurance $0 $0 $0 $4,408 $1,102 $5,510
2.08 NRC Spent Fuel Fees $0 $0 $0 $1,107 $277 $1,383
2.09 Emergency Preparedness Fees $0 $0 $0 $18,756 $4,689 $23,445
2.10 Spent Fuel Maintenance $0 $0 $0 $2,131 $533 $2,664
2.11 Materials and Services $0 $5,848 $0 $0 $1,462 $7,310
2.12 DAW Disposal $0 $0 $275 $0 $69 $343
2.13 Energy $0 $0 $0 $3,991 $998 $4,989
2.15 Craft Worker Training $2,119 $0 $0 $0 $530 $2,649
2.18 Utilities (Water, gas, phone) $0 $3,572 $0 $0 $893 $4,465
2.22 Personal Computers $0 $0 $0 $14 $3 $17

Undistributed Subtotal $206,590 $16,010 $275 $30,406 $63,320 $316,601

SNF Pd 2 Subtotal $350,965 $151,789 $275 $70,429 $143,364 $716,822
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status

Fuel Pool Systems

POL

Modified

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

SNF Pd 3 Dry Storage During Decommnissioning - Units 1, 2 and 3
Undistributed

2.01 Utility Spent Fuel Staff $39,894 $0 $0 $0 $9,973 $49,867
2.02 Utility Staff HP Supplies $0 $1,487 $0 $0 $372 $1,859

2.04 Security Guard Force $45,944 $0 $0 $0 $11,486 $57,430
2.05 Security Related Expenses $2,556 $0 $0 $0 $639 $3,195
2.08 NRC Spent Fuel Fees $0 $0 $0 $2,302 $576 $2,878
2.10 Spent Fuel Maintenance $0 $0 $0 $1,478 $370 $1,848
2.11 Materials and Services $0 $2,017 $0 $0 $504 $2,522
2.13 Energy $0 $0 $0 $1,209 $302 $1,511
2.18 Utilities (Water, gas, phone) $0 $1,380 $0 $0 $345 $1,725
2.22 Personal Computers $0 $0 $0 $12 $3 $15

Undistributed Subtotal $88,393 $4,884 $0 $5,001 $24,570 $122,849

SNF Pd 3 Subtotal $88,393 $4,884 $0 $5,001 $24,570 $122,849
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status POL Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry

Fuel Pool Systems Modified

Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

SNF Pd 4 Dry Storage Only - Units 1, 2 and 3
Undistributed

2.01 Utility Spent Fuel Staff $12,687 $0 $0 $0 $3,172 $15,859

2.02 Utility Staff HP Supplies $0 $882 $0 $0 $220 $1,102

2.03 Additional Staff for Spent Fuel Shipping $1,119 $0 $0 $0 $280 $1,398
2.04 Security Guard Force $14,949 $0 $0 $0 $3,737 $18,687
2.05 Security Related Expenses $2,506 $0 $0 $0 $626 $3,132
2.06 Insurance $0 $0 $0 $2,538 $634 $3,172
2.07 Site Lease and Easement Expenses $0 $0 $0 $1,154 $173 $1,327
2.08 NRC Spent Fuel Fees $0 $0 $0 $1,638 $409 $2,047
2.10 Spent Fuel Maintenance $0 $0 $0 $481 $120 $601
2.11 Materials and Services $0 $778 $0 $0 $194 $972

2.13 Energy $0 $0 $0 $393 $98 $492
2.16 Workers Compensation Insurance $0 $0 $0 $694 $173 $867
2.17 Property Tax $0 $0 $0 $6,412 $1,603 $8,015
2.18 Utilities (Water, gas, phone) $0 $475 $0 $0 $119 $594
2.20 Non-Process Computers $0 $192 $0 $0 $48 $240
2.21 Telecommunications $0 $192 $0 $0 $48 $240
2.22 Personal Computers $0 $0 $0 $15 $4 $18

Undistributed Subtotal $31,261 $2,519 $0 $13,325 $11,661 $58,765

SNF Pd 4 Subtotal $31,261 $2,519 $0 $13,325 $11,661 $58,765
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status

Fuel Pool Systems

POL

Modified

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

SNF Pd 5 Dry Storage Only - Units 2 and 3
Undistributed

2.01 Utility Spent Fuel Staff $48,480 $0 $0 $0 $12,120 $60,601
2.02 Utility Staff HP Supplies $0 $3,369 $0 $0 $842 $4,211
2.03 Additional Staff for Spent Fuel Shipping $4,275 $0 $0 $0 $1,069 $5,344
2.04 Security Guard Force $57,126 $0 $0 $0 $14,281 $71,407
2.05 Security Related Expenses $4,124 $0 $0 $0 $1,031 $5,155
2.06 Insurance $0 $0 $0 $9,698 $2,425 $12,123
2.07 Site Lease and Easement Expenses $0 $0 $0 $4,409 $661 $5,071
2.08 NRC Spent Fuel Fees $0 $0 $0 $6,259 $1,565 $7,823
2.10 Spent Fuel Maintenance $0 $0 $0 $1,838 $459 $2,297
2.11 Materials and Services $0 $2,972 $0 $0 $743 $3,715
2.13 Energy $0 $0 $0 $1,503 $376 $1,879
2.16 Workers Compensation Insurance $0 $0 $0 $2,651 $663 $3,314
2.17 Property Tax $0 $0 $0 $22,053 $5,513 $27,566
2.18 Utilities (Water, gas, phone) $0 $1,816 $0 $0 $454 $2,270
2.20 Non-Process Computers $0 $735 $0 $0 $184 $919
2.21 Telecommunications $0 $735 $0 $0 $184 $919
2.22 Personal Computers $0 $0 $0 $32 $8 $40

Undistributed Subtotal $114,005 $9,627 $0 $48,443 $42,578 $214,653

SNF Pd 5 Subtotal $114,005 $9,627 $0 $48,443 $42,578 $214,653
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status

Fuel Pool Systems

POL

Modified

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

SNF D&D Pd 1 ISFS1 License Ternination
Distributed
12.01 Preparation and NRC Review of License Termination Plan $116 $0 $0 $163 $70 $349

Distributed Subtotal $116 $0 $0 $163 $70 $349

Undistributed
2.01 Utility Spent Fuel Staff $366 $0 $0 $0 $91 $457
2.02 Utility Staff HP Supplies $0 $11 $0 $0 $3 $14
2.04 Security Guard Force $181 $0 $0 $0 $45 $226
2.05 Security Related Expenses $70 $0 $0 $0 $18 $88
2.06 Insurance $0 $0 $0 $215 $54 $269

2.07 Site Lease and Easement Expenses $0 $0 $0 $98 $15 $112
2.08 NRC Spent Fuel Fees $0 $0 $0 $75 $19 $94
2.11 Materials and Services $0 $17 $0 $0 $4 $21
2.13 Energy $0 $0 $0 $102 $26 $128

2.16 Workers Compensation Insurance $0 $0 $0 $59 $15 $73
2.17 Property Tax $0 $0 $0 $543 $136 $679
2.18 Utilities (Water, gas, phone) $0 $7 $0 $0 $2 $9

Undistributed Subtotal $617 $36 $0 $1,092 $426 $2,172

SNF D&D Pd 1 Subtotal $733 $36 $0 $1,255 $496 $2,520
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status

Fuel Pool Systems

POL

Modified

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

SNF D&D Pd 2 ISFSI Demolition
Distributed
13.01 Install GARDIAN Bulk Assay System $0 $0 $0 $525 $131 $656
13.02 Decon AHSMs $339 $147 $443 $0 $232 $1,161
13.03 Final Status Survey of ISFSI $1,589 $256 $0 $0 $277 $2,122
13.04 Clean Demolition of ISFSI AHSMs and Pad $4,094 $2,590 $3,333 $0 $2,504 $12,521
13.05 Clean Demolition of ISFSI Support Structures $1,126 $458 $1,372 $0 $739 $3,696
13.06 Restore ISFSI Site $246 $161 $0 $0 $102 $509
13.07 Preparation of Final Report on Decommissioning and NRC Review $52 $0 $0 $0 $13 $65

Distributed Subtotal $7,446 $3,612 $5,148 $525 $3,998 $20,729

Undistributed
2.01 Utility Spent Fuel Staff $1,801 $0 $0 $0 $450 $2,251
2.02 Utility Staff HP Supplies $0 $72 $0 $0 $18 $90
2.04 Security Guard Force $704 $0 $0 $0 $176 $880
2.05 Security Related Expenses $37 $0 $0 $0 $9 $46
2.11 Materials and Services $0 $93 $0 $0 $23 $116
2.12 DAW Disposal $0 $0 $7 $0 $2 $8
2.13 Energy $0 $0 $0 $268 $67 $334
2.14 Decommissioning General Contractor Staff $4,525 $0 $0 $0 $1,131 $5,656
2.15 Craft Worker Training $189 $0 $0 $0 $47 $236
2.18 Utilities (Water, gas, phone) $0 $35 $0 $0 $9 $43
2.24 DGC HP Supplies $0 $159 $0 $0 $40 $199

Undistributed Subtotal $7,255 $359 $7 $268 $1,972 $9,861

SNF D&D Pd 2

B. Spent Fuel

Subtotal

Subtotal

$14,701

$708,425

$3,972

$172,826

$5,154

$5,429

$793

$160,876

$5,970

$228,639

$30,590

$1,276,196
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status

Fuel Pool Systems

POL

Modified

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

C. Site Restoration

SR Pd 1 Transition to Site Restoration
Distributed
14.01 Mesa Site Phase I and H Site Assessment $0 $0 $0 $42 $11 $53
14.02 Disposition Hazardous Waste from Mesa Site $0 $0 $0 $211 $106 $317
14.03 Mesa Site Characterization Survey $988 $261 $0 $0 $312 $1,561
14.04 Fuel Cancellation Expense $0 $0 $0 $17,679 $0 $17,679

Distributed Subtotal $988 $261 $0 $17,932 $428 $19,610

Undistributed
3.05 Site Lease and Easement Expenses $0 $0 $0 $1,030 $0 $1,030
3.11 Severance $0 $0 $0 $109,850 $0 $109,850

Undistributed Subtotal $0 $0 $0 $110,880 $0 $110,880

SR Pd 1 Subtotal $988 $261 $0 $128,812 $428 $130,489
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status

Fuel Pool Systems

POL

Modified

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

SR Pd 2 Building Demolition During Deconmmissioning
Distributed
15.01 Prepare Site Restoration Demolition Plan and Schedule $684 $10 $0 $0 $173 $866

15.02 Obtain Required Permits For Mesa, South Access and South Yard $209 $4 $0 $0 $53 $266

15.03 Demolish Service Building (K-10, 20, 30) $250 $189 $481 $0 $230 $1,150

15.04 Demolish South Security Processing Facility (K-70) $46 $44 $122 $0 $53 $264

15.05 Demolish Staging Warehouse $67 $55 $126 $0 $62 $311

15.06 Demolish Administration Building (K-40/50) $367 $258 $565 $0 $297 $1,487

15.07 Demolish South Yard Area Buildings T-10, 20, 60 and Haz Mat. $670 $590 $1,370 $0 $658 $3,288
15.08 Demolish REMS Staging Pad $98 $184 $549 $0 $208 $1,038

15.09 Demolish Mesa Buildings $2,788 $1,879 $6,006 $0 $2,668 $13,341

15.10 Remove Underground Fuel Storage Tanks $56 $22 $0 $21 $25 $123
15.11 Demolish Mesa Roads and Parking Lots $582 $400 $0 $0 $245 $1,227

15.12 Finish Grading and Re-vegetate Mesa Site $299 $404 $0 $0 $176 $878

Distributed Subtotal $6,114 $4,038 $9,219 $21 $4,848 $24,239

Undistributed
3.01 Utility Staff $2,563 $0 $0 $0 $641 $3,204

3.03 Security Related Expenses $898 $0 $0 $0 $224 $1,122
3.05 Site Lease and Easement Expenses $0 $0 $0 $4,266 $640 $4,906
3.06 Materials and Services $0 $134 $0 $0 $34 $168
3.08 Decommissioning General Contractor Staff $4,248 $0 $0 $0 $1,062 $5,310

3.09 Craft Worker Training $318 $0 $0 $0 $80 $398

3.11 Severance $0 $0 $0 $8,688 $2,172 $10,860

3.13 Utilities (Water, gas, phone) $0 $29 $0 $0 $7 $36

Undistributed Subtotal $8,027 $164 $0 $12,955 $4,860 $26,005

SR Pd 2 Subtotal $14,141 $4,201 $9,219 $12,975 $9,708 $50,245
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status POL Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON Fuel Pool Systems Modified

Repository Opening Date: I/1/2024Spent Fuel Alternative Dry

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

SR Pd 3 Subsurface Demolition Engineering and Permitting
Distributed
16.01 Hydrogeologic Investigation and Outfall Conduit Survey $297 $131 $0 $105 $133 $667
16.02 Subsurface Structure Removal Engineering Planning and Design $1,264 $33 $0 $0 $324 $1,621
16.03 Environmental Impacts Analyses for Lease Termination Activities $581 $50 $0 $525 $289 $1,445
16.04 Final Site Grading and Shoreline Protection Engineering Planning and Design $242 $13 $0 $0 $64 $319
16.05 Obtain Required Permits and Approvals $1,856 $20 $0 $263 $535 $2,673

Distributed Subtotal $4,240 $248 $0 $893 $1,345 $6,726

Undistributed
3.03 Security Related Expenses $275 $0 $0 $0 $69 $344
3.11 Severance $0 $0 $0 $24,674 $6,168 $30,842

Undistributed Subtotal $275 $0 $0 $24,674 $6,237 $31,186

SR Pd 3 Subtotal $4,516 $248 $0 $25,566 $7,582 $37,912
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status POL Unit 2 Shut Down: 6/7/2013

Decommissioning Alternative DECON Fuel Pool Systems Modified Unit 3 Shut Down: 6/7/2013

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

SR Pd 4 Building Demolition to 3 Feet Below Grade

Distributed
17.01 Procure Clean Building Demolition Equipment $0 $10,691 $0 $0 $2,673 $13,363

17.02 Install Temporary Structures $11 $190 $0 $0 $30 $230

17.03 Install Erosion and Sediment Controls $123 $14 $0 $0 $34 $172

17.04 Remove Cathodic Protection Trench $1,813 $1,527 $22 $0 $840 $4,201

17.05 Remove Protected Area Security Fencing $57 $18 $0 $0 $19 $95

17.06 Remove Protected Area Pavement $139 $97 $755 $0 $248 $1,239

17.07 Detension and Remove Unit 3 Containment Builidng Tendons $0 $0 $0 $4.200 $1,050 $5,250

17.08 Demolish Diesel Generator Building - Unit 3 $618 $245 $794 $0 $414 $2,072

17.09 Demolish Condensate Building and Transformer Pads - Unit 3 $1,067 $1,755 $3,183 $0 $1,501 $7,505

17.10 Demolish Full Flow Area and Turbine Building - Unit 3 $3,221 $1,149 $3,444 $0 $1,953 $9,767

17.11 Demolish Unit 3 Fuel Handling Building to 3-Feet Below Grade $306 $354 $1,470 $0 $533 $2,663

17.12 Demolish Penetration Building- Unit 3 $293 $167 $642 $0 $275 $1,377

17.13 Demolish Safety Equipment and MSIV Building - Unit 3 $336 $403 $1,858 $0 $649 $3,246

17.14 Demolish Unit 3 Containment Building to 3-Feet Below Grade $2,418 $1,351 $6,198 $0 $2,492 $12,459

17.15 Detension and Remove Unit 2 Containment Builidng Tendons $0 $0 $0 $4,200 $1,050 $5,250

17.16 Demolish Diesel Generator Building - Unit 2 $128 $168 $787 $0 $271 $1,353

17.17 Demolish Condensate Building and Transformer Pads - Unit 2 $1,067 $1,755 $3,183 $0 $1,501 $7,505

17.18 Demolish Full Flow Area and Turbine Building - Unit 2 $3,734 $1,186 $3,447 $0 $2,092 $10,458

17.19 Demolish Unit 2 Fuel Handling Building to 3-Feet Below Grade $306 $354 $1,470 $0 $533 $2,663

17.20 Demolish Penetration Building - Unit 2 $99 $136 $639 $0 $219 $1,093

17.21 Demolish Safety and MSIV Equipment Building - Unit 2 $336 $403 $1,859 $0 $649 $3,247

17.22 Demolish Unit 2 Containment Building to 3-Feet Below Grade $2,418 $1,351 $6,198 $0 $2,492 $12,459

17.23 Demolish AWS Building $1,108 $1,050 $2,925 $0 $1,271 $6,354

17.24 Demolish Building L-50 $59 $33 $67 $0 $40 $198

17.25 Demolish Maintenance Building 4 (B-64/B-65) $24 $13 $25 $0 $16 $78

17.26 Demolish Maintenance Building 5 (B-62/B-63) $35 $20 $37 $0 $23 $115

17.27 Demolish Outage Control Center $98 $57 $148 $0 $76 $378

17.28 Demolish Maintenance Building 2 (B-49/B-50) $49 $32 $82 $0 $41 $205

17.29 Demolish Maintenance Building I (B-43/B-44) $163 $196 $857 $0 $304 $1,520

17.30 Demolish Auxilary Radwaste Building - Common $1,521 $1,984 $9.214 $0 $3,180 $15,898

17.31 Demolish Auxilary Control Building - Common $1,491 $811 $3.219 $0 $1,380 $6.901
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status

Fuel Pool Systems

POL

Modified

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

17.32 Remove Systems and Demolish Make-Up Demineralizer Structures $737 $122 $471 $0 $332 $1,662
17.33 Install Concrete Plugs in Intake and Discharge Structures $272 $1,614 $0 $0 $472 $2,358
17.34 Demolish Intake and Discharge Structures to 3-Feet Below Grade $82 $114 $535 $0 $183 $914

Distributed Subtotal $24,128 $29,358 $53,530 $8,400 $28,834 $144,249

Undistributed
3.01 Utility Staff $12,553 $0 $0 $0 $3,138 $15,691
3.02 Security Guard Force $2,480 $0 $0 $0 $620 $3,100

3.03 Security Related Expenses $1,158 $0 $0 $0 $290 $1,448

3.04 Insurance $0 $0 $0 $3,995 $999 $4,993
3.05 Site Lease and Easement Expenses $0 $0 $0 $1,340 $201 $1,541
3.06 Materials and Services $0 $751 $0 $0 $188 $938
3.07 Energy $0 $0 $0 $1,184 $296 $1,480
3.08 Decommissioning General Contractor Staff $50,906 $0 $0 $0 $12,727 $63,633
3.09 Craft Worker Training $1,999 $0 $0 $0 $500 $2,498
3.10 Workers Compensation Insurance $0 $0 $0 $806 $201 $1,007
3.11 Severance $0 $0 $0 $7,273 $1,818 $9,091
3.12 Property Tax $0 $0 $0 $6,701 $1,675 $8,377
3.13 Utilities (Water, gas, phone) $0 $214 $0 $0 $53 $267
3.14 Tools and Equipment $0 $156 $0 $0 $39 $195
3.15 Non-Process Computers $0 $223 $0 $0 $56 $279
3.16 Telecommunications $0 $223 $0 $0 $56 $279

Undistributed Subtotal $69,096 $1,567 $0 $21,298 $22,856 $114,817

SR Pd 4 Subtotal $93,224 $30,924 $53,530 $29,698 $51,690 $259,066
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status POL Unit 2 Shut Down: 6/7/2013

Decommissioning Alternative DECON Fuel Pool Systems Modified Unit 3 Shut Down: 6/7/2013

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

SR Pd 5 Subgrade Structure Removal Below - 3 Feet

Distributed

18.01 Procure Subsurface Structure Demolition Equipment $0 $6,630 $0 $0 $1,658 $8,288

18.02 Install Sheet Piling and Excavation Shoring $8,468 $17,219 $0 $0 $6,422 $32,109

18.03 Install Dewatering System and Effluent Treatment and Discharge Controls $0 $0 $0 $9,651 $2,413 $12,064

18.04 Demolish and Backfill Unit 3 Condensate Storage Area Below -3 Feet $179 $305 $912 $0 $349 $1,746

18.05 Demolish and Backfill Unit 3 Diesel Generator Builidng Below -3 Feet $130 $173 $442 $0 $186 $932

18.06 Demolish and Backfill Unit 3 Fuel Handling Building Below -3 Feet $271 $696 $1,170 $0 $534 $2,671

18.07 Demolish and Backfill Unit 3 Radwaste and Control Building Below -3 Feet $1,367 $3,268 $5,249 $0 $2,471 $12,355

18.08 Demolish and Backfill Unit 3 Turbine Building Structure Below 9 Ft Elevation $3,956 $9,277 $12,551 $0 $6,446 $32,231

18.09 Demolish and Backfill Unit 3 Safety Equipment Building Below -3 Feet $717 $1,883 $2,713 $0 $1,328 $6,641

18.10 Demolish and Backfill Unit 3 Penetration Area Below -3 Feet $294 $586 $1,285 $0 $541 $2,706

18.11 Demolish and Backfill Unit 3 Full Flow Building Below -3 Feet $167 $527 $411 $0 $276 $1,382

18.12 Demolish and Backfill Unit 3 Containment Building Below -3 Feet $1,211 $2,214 $4,636 $0 $2.015 $10,077

18.13 Demolish and Backfill Unit 2 Condensate Storage Area Below -3 Feet $179 $305 $912 $0 $349 $1,746

18.14 Demolish and Backfill Unit 2 Diesel Generator Builidng Below -3 Feet $130 $173 $442 $0 $186 $932

18.15 Demolish and Backfill Unit 2 Fuel Handling Building Below -3 Feet $271 $696 $1,170 $0 $534 $2,671

18.16 Demolish and Backfill Unit 2 Radwaste and Control Building Below -3 Feet $1,415 $3,308 $5,249 $0 $2,493 $12,466

18.17 Demolish and Backfill Unit 2 Turbine Building Structure Below 9 Ft Elevation $3,959 $9,277 $12,551 $0 $6,447 $32,234

18.18 Demolish and Backfill Unit 2 Safety Equipment Building Below -3 Feet $717 $1,883 $2,713 $0 $1,328 $6,641

18.19 Demolish and Backfill Unit 2 Penetration Area Below -3 Feet $294 $586 $1,285 $0 $541 $2,706

18.20 Demolish and Backfill Unit 2 Full Flow Building Below -3 Feet $167 $527 $411 $0 $276 $1,382

18.21 Demolish and Backfill Unit 2 Containment Building Below -3 Feet $1,211 $2,214 $4,636 $0 $2,015 $10,077

18.22 Demolish and Backfill Intake Structure Below -3 Feet $6,664 $12,970 $36,706 $0 $14,085 $70,426

18.23 Remove Off Shore Intake and Outfall Conduits $12,406 $44,308 $19,580 $0 $19,073 $95,367

18.24 Remove Sheet Piling and Excavation Shoring $11,776 $0 $0 $0 $2,944 $14,721

18.25 Remove Dewatering System and Effluent Treatment $0 $0 $0 $2,308 $577 $2,885

18.26 Finish Grading and Re-Vegetate Site $945 $813 $0 $0 $440 $2,198

18.27 Remove Temporary Structures $58 $48 $0 $0 $16 $122

Distributed Subtotal $56,952 $119,889 $115,025 $11,959 $75,946 $379,772

Undistributed

3.01 Utility Staff $7,082 $0 $0 $0 $1,771 $8,853
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status

Fuel Pool Systems

POL

Modified

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

3.02 Security Guard Force $1,830 $0 $0 $0 $458 $2,288
3.03 Security Related Expenses $139 $0 $0 $0 $35 $173
3.04 Insurance $0 $0 $0 $2,948 $737 $3,685
3.05 Site Lease and Easement Expenses $0 $0 $0 $989 $148 $1,137
3.06 Materials and Services $0 $415 $0 $0 $104 $519
3.07 Energy $0 $0 $0 $814 $204 $1,018
3.08 Decommissioning General Contractor Staff $26,176 $0 $0 $0 $6,544 $32,720
3.09 Craft Worker Training $983 $0 $0 $0 $246 $1,229
3.10 Workers Compensation Insurance $0 $0 $0 $595 $149 $743
3.11 Severance $0 $0 $0 $2,050 $513 $2,563
3.12 Property Tax $0 $0 $0 $4,946 $1,237 $6,183
3.13 Utilities (Water, gas, phone) $0 $128 $0 $0 $32 $160
3.14 Tools and Equipment $0 $73 $0 $0 $18 $91
3.15 Non-Process Computers $0 $165 $0 $0 $41 $206
3.16 Teleconmunications $0 $165 $0 $0 $41 $206

Undistributed Subtotal $36,211 $946 $0 $12,343 $12,276 $61,775

SR Pd 5 Subtotal $93,163 $120,834 $115,025 $24,302 $88,222 $441,547
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

License Status POL Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013Decommissioning Alternative DECON

Spent Fuel Alternative Dry

Fuel Pool Systems Modified

Repository Opening Date: 1/1/2024

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

SR Pd 6 Final Site Restoration and Lease Termination
Distributed
19.01 Obtain Required Permits and Approvals $404 $20 $0 $131 $139 $693
19.02 Install Temporary Structures $6 $35 $0 $0 $6 $48
19.03 Procure Site Restoration Equipment $0 $404 $0 $0 $101 $505
19.04 Install Temporary Seawall or Coffer Dam $8,551 $17,624 $0 $0 $6,544 $32,718
19.05 Install Dewatering System and Effluent Treatment and Discharge Controls $0 $0 $0 $1,427 $357 $1,784
19.06 Remove and Stockpile Existing Seawall Erosion Protection $6 $11 $0 $0 $4 $21
19.07 Remove Unit 2 and 3 Seawall and Pedestrian Walkway $3,206 $3,060 $4,558 $0 $2,706 $13,530
19.08 Remove Remaining Intake and Outfall Box Culvert $336 $468 $2,188 $0 $748 $3.739
19.09 Remove Temporary Seawall or Coffer Dam $11,791 $143 $0 $0 $2,983 $14,917
19.10 Backfill and Compaction of Excavation $1,471 $2,238 $0 $0 $556 $4,265
19.11 Remove Dewatering System and Effluent Treatment $0 $0 $0 $592 $148 $740
19.12 Install Shoreline Erosion Control and Restoration Features $10 $144 $0 $0 $38 $192
19.13 Remove Railroad Tracks, Rails and Ballast $63 $35 $0 $0 $24 $122
19.14 Remove Gunite Slope Protection $262 $366 $1,710 $0 $585 $2,923
19.15 Remove Access Roads and Parking Lots $240 $181 $0 $0 $105 $527
19.16 Finish Grading and Re-Vegetate Site $27 $28 $0 $0 $14 $68
19.17 Remove Temporary Structures $8 $7 $0 $0 $2 $18

Distributed Subtotal $26,380 $24,763 $8,456 $2,151 $15,061 $76,810

Undistributed
3.01 Utility Staff

3.04 Insurance

3.05 Site Lease and Easement Expenses

3.06 Materials and Services

3.07 Energy

3.08 Decommissioning General Contractor Staff

3.09 Craft Worker Training

3.10 Workers Compensation Insurance

3.11 Severance

3.12 Property Tax

3.13 Utilities (Water, gas, phone)

$2,219
$0

$0
$0
$0

$8,062
$504

$0
$0
$0
$0

$0
$0
$0

$142

$0
$0
$0
$0
$0
$0

$31

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0

$0
$605
$507

$0
$418

$0
$0

$305
$6,077
$2,536

$0

$555

$151

$76

$35

$104

$2,016

$126

$76

$1,519

$634

$8

$2,773

$756

$583

$177

$522

$10,078

$630

$381

$7,596

$3,169

$38
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Table 1
SONGS Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

Decommissioning Alternative DECON

Spent Fuel Alternative Dry

License Status POL

Fuel Pool Systems Modified

Repository Opening Date: 1/1/2024

Unit 2 Shut Down:

Unit 3 Shut Down:

6/7/2013

6/7/2013

2014 Dollars in Thousands

No Item Description Labor Equipment Disposal Other Contingency Total

3.14 Tools and Equipment $0 $24 $0 $0 $6 $31

Undistributed Subtotal

SR Pd 6 Subtotal

C. Site Restoration Subtotal

$10,785

$37,165

$243,198

$1,763,742

$197 $0

$24,960 $8,456

$181,428 $186,230

$10,446

$12,597

$233,951

$566,786

$5,307

$20,367

$177,997

$26,735

$103,545

$1,022,804

$4,411,246Total $505,191 $757,925 $817,601
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2014 Decommissioning Cost Analysis of the
San Onofre Nuclear Generating Station Units 2 & 3

Document No. 164001-DCE-001

Appendix E

Annual Cash Flow Table
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SONGS Annual Cost By Account

Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

Unit No: Unit 2 2014 Dollars in Thousands

Year License Spent Fuel Site Restoration Total
Termination

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

2041

2042

2043

2044

2045

2046

2047

2048

$25,749

$79,799

$69,196

$54,541

$111,903

$47,520

$108,328

$185,482

$79,081

$54,785

$158,207

$37,930

$2,922

$2,922

$2,922

$2,922

$2,922

$2,922

$2,055

$2,122

$0
$0
$0

$0
$0
$0

$0

$0
$0

$0
$0
$0
$0

$0

$0
$0

$63,891

$35,719

$106,308

$59,308

$59,308

$59,308

$27,554

$4,908

$4,908

$4,908

$4,908

$4,908

$4,908

$4,908

$4,908

$4,908

$4,908

$4,908

$5,089

$7,214

$7,214

$7,214

$7,228

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$49,067

$15,089

$7,439

$3,730

$1,957

$0

$13,539

$36

$36

$1,927

$36

$16,848

$44,621

$19,412

$22,469

$31,688

$66,873

$71,867

$23,181

$0

$0

$0
$0
$0

$0
$0
$0
$0
$0
$0

$0
$0
$0
$0

$0

$0

$138,706

$130,607

$182,943

$117,579

$173,168

$106,828

$149,420

$190,426

$84,026

$61,621

$163,151

$59,687

$52,451

$27,243

$30,299

$39,518

$74,704

$79,697

$30,325

$9,336

$7,214

$7,214

$7,228

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665
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SONGS Annual Cost By Account

Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

Unit No: Unit 2 2014 Dollars in Thousands

Year License Spent Fuel Site Restoration Total
Termination

2049

2050

2051

2052

Total

$0
$0

$0
$0

$1,034,230

$7,667

$9,974

$6,573

$0

$623,209

$0
$20,177

$11,928

$1,377

$423,297

$7,667

$30,151

$18,500

$1,377

$2,080,735
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SONGS Annual Cost By Account

Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

Unit No: Unit 3 2014 Dollars in Thousands

Year License Spent Fuel Site Restoration Total
Termination

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

2041

2042

2043

2044

2045

2046

2047

2048

$26,566

$78,964

$74,096

$61,451

$40,631

$86,348

$96,521

$120,873

$194,090

$135,313

$114,581

$26,874

$2,922

$2,922

$2,922

$2,922

$2,922

$2,922

$2,055

$2,122

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$66,105

$40,156

$112,024

$64,405

$64,405

$64,405

$29,675

$4,908

$4,908

$4,908

$4,908

$4,908

$4,908

$4,908

$4,908

$4,908

$4,908

$4,908

$5,089

$7,214

$7,214

$7,214

$7,228

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$49,067

$15,969

$9,390

$25,227

$3,799

$0

$13,908

$2,135

$575
$2,467

$1,511

$36,778

$40,655

$21,676

$25,848

$20,945

$117,321

$116,672

$25,501

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$0

$141,739

$135,089

$195,509

$151,083

$108,835

$150,753

$140,104

$127,916

$199,574

$142,688

$121,000

$68,560

$48,485

$29,507

$33,678

$28,776

$125,151

$124,503

$32,645

$9,336

$7,214

$7,214

$7,228

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665

$7,665
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SONGS Annual Cost By Account

Prompt DECON Base Case, 2024 DOE Acceptance, Dry Storage

Unit No: Unit 3 2014 Dollars in Thousands

Year License Spent Fuel Site Restoration Total
Termination

2049

2050

2051

2052

$0

$0
$0

$0

$7,667

$9,974

$6,573

$0

$0
$23,120

$45,566

$1,377

$7,667

$33,094

$52,139

$1,377

Total $1,078,016 $652,987 $599,507 $2,330,511
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2014 Decommissioning Cost Analysis of the
San Onofre Nuclear Generating Station Units 2 & 3

Document No. 164001-DCE-001

Appendix F

SDG&E SONGS Decommissioning Costs (100%)
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Appendix F SDG&E SONGS Decommissioning Costs (100%)

San Diego Gas & Electric Company (SDG&E) provides the following information

regarding its internal decommissioning costs, which it expects to incur and to fund on its own

behalf (100%) in addition to its 20% share of the Decommissioning Cost Estimate.

I. BACKGROUND

As the 20% minority owner, SDG&E is contractually obligated to pay its 20% ownership

share of decommissioning expenses for SONGS. These costs, outlined in the DCE, will be

incurred by the decommissioning agent and SDG&E will receive invoicing for its proportional

share.

II. SDG&E COSTS

Table F-1
SDG&E SONGS DECOMMISSIONING COSTS (1,000's,

$2014)
Total SDG&E Other/ Total

Units 2 & 3 Labor Non-Labor Costs
License

Termination $3,832 $1,047 $4,879
Spent FuelManagement $2,729 $417 $3,147Management

SiteRe $1,904 $401 $2,305
Restoration

Total $8,465 $1,865 $10,330

In addition to SDG&E's 20% share of the costs outlined in the DCE, SDG&E also incurs

internal costs related to its SONGS ownership. SDG&E incurs 100% of these Labor and Non-

Labor costs related to SDG&E's oversight activities. These costs are apportioned into SCE's

DCE categories of License Termination, Spent Fuel Management, and Site Restoration by

determining the percentage of costs SCE allocated to each category and multiplying SDG&E's
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Appendix F SDG&E SONGS Decommissioning Costs (100%)

costs by that same percentage for each category. SDG&E estimates that its total internal costs

over the decommissioning period to be $10.33 million (2014$).

a. SDG&E LABOR

The first category, "SDG&E Labor" includes SDG&E staff who provide oversight of

SONGS costs and activities. SDG&E's internal staffing efforts are expected to mirror site

staffing where the three (3) full-time equivalents ("FTEs") are reduced after 2016 to two (2)

FTEs, then to one (1) FTE after 2025, and eventually to zero (0) FTEs after 2032. After 2032,

invoicing and oversight activities are anticipated to be minor during this period. Once ISFSI

decommissioning is initiated on or around 2049, SDG&E plans to identify one (1) full-time

equivalent through 2052.

These costs are shown in Table F-1 under the column heading of "SDG&E Labor" and

are apportioned into SCE's categories of License Termination, Spent Fuel Management, and Site

Restoration.

b. OTHER/NON-LABOR

The second type of SDG&E-specific costs are "Other/Non-Labor", which consist of

outside decommissioning consultants and direct costs related to oversight activities.

To provide oversight of decommissioning activities, SDG&E has retained an external

decommissioning consultant who has the expertise SDG&E requires. The external consultant is

utilized to a greater extent through 2016 and then the consultant services are tapered off annually

through 2025.

SDG&E also incurs direct costs related specifically to SDG&E's oversight activities at

SONGS. These costs, which include travel reimbursement, phone services, training, and wireless

Page 2 of 5

SCE-SER 000140

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-1, Page 144 of 291
(144 of 2110)



Appendix F SDG&E SONGS Decommissioning Costs (100%)

communication from SONGS, will coincide with the number of SDG&E SONGS oversight

personnel FTEs.

These costs are shown in Table F- 1 under the column heading of Other/Non-labor and are

apportioned into SCE's categories of License Termination, Spent Fuel Management, and Site

Restoration.

III. CONCLUSION

All of SDG&E's internal decommissioning costs presented in Table F-1 are separate and

distinct from the costs incurred by the decommissioning agent and invoiced to SDG&E.

SDG&E will seek authority to access its nuclear decommissioning trust funds to pay for

its proportional share of SONGS related decommissioning expenses and for its internal

decommissioning costs incurred through a Commission-approved advice letter process consistent

with the terms of the SDG&E Master Trust Agreement, and relevant rules and regulations of the

Internal Revenue Service and the Nuclear Regulatory Commission.
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SDG&E SONGS Detailed Annual Expenditures
Base Case:Prompt DECON, Time Reasonable Schedule, DOE Repository Opening 2024, Utility and DGC, Dry Storage
(2014 Dollars in Thousands)

Account Totals Unit 2 Unit I T.1al

S pent Fuel M a rtag am o ot 3491 so 01
Site Restoration 1 $7611 "01 13 $1.14304-.94 $ 41 $235

$4,016 $0 $823 $4,450 $0 $1,041 $8,465 $0 $1,86S $10,330

Unit 2 Unit 3

Fort 58.OW- Oý -. Oo 5715

213 085 $0 4 0 08 01.1 0 50$Do W; 12 $08 $08 581 08 15 0 8 so S $08 08 0
2014 $24Q $0 $41 $122 $0 1 so 0. 128 $0 $5 SO 235 so $41 $122 so s3 S2 $0' $28 08 so $0
201 1.25, $0 020 $S233 10 08 8o t $5 so$01 so, $0B 03 1 23 $123 $71 $15 $0 $5 $08 08 s

$1133 so 141 120 0o $ $10 so 308 so3 1134 10 85 5200 $0 so 5 3 0 so $0
20S1 see so $77 $130 SO $23 $4 0 12 10 $6 so' 171 so 533 $138 $0 534 $0 so $4 S0 so so
2010 $74 0o 34 $144 08 $24 so $0 $0 so! 0so So $13 so 567 $145 $0 036 50 so s0 so $0 s0
2019 $162 $0 $47 178 so 57 $0 so $21' s0 so $127 0 546$79 $0 $10 $1 0 121 50 0 so
2020 S24 s0 $8 I11 s0 $1 so 08 so sot $01 s0 $174 so0 s0 11' $0 $1 $5 s0 50 so so $0
2021 $19 so $35 $13 08: $ 08 s0 so 08 08 $X12 $0 594 $13 $0 $1 $1 s0 so so so 0
20224 08 $M 12 $1 so so $5 so so 08 so 03 120 $0 $1 $1 so $0 $0 $0 $0
20 13 $0 $57 $ $52 $0- $0o so 11 8 S -12 51

2ozq1 $79 $51 $20 so $so7s•so 7 o $ • •s
21O So $$1 $7 SoS 5s: 2"$ $1 $O So S

2024 1139 0. $14 139! so 1 54.... $21 so SO' 8 $125, so $13 $20' $7' $08 so
2025 $0 so 123 so! so 50 S so SO 8 $0O $0 s: ' $23 $0 08 $030 $0 $0 so $0
27 so $ 1 930 08 so 574 so 17 $.0 0 so9 7 08 I 130 so $0 50 so $0 $0 so $0
22 17 $1 $3 s$ 0 so so $0 s5
2027 $7 08so $1 127 01 50$ 1 7 10 .0

2030 7 so $ $3 so 0 8 51 0 so $10 5 10' $$ so $0 $21 50' so $70 so $5 $0 0 8 so
20329 080 0 0 0' $ 0 0 $ 8 0' $s $0 $8 0 $0 08: $00 so $02 $0 $0 $0

203 5 08 00 I $0 so so 08 08 0 so so0 0o $0 1 5
2034 $0 so $0 $ ' $0' so $0 so $7 30 08 08 $0 $01 50 $0 08 $0 $115 0 o 00 $0
22030 08 $ $0 $0 $1 08 so $0 so0 so! $$ 0 $0 $0 $ $25 so 0 $08 10 $0 $0 so so
2036 $08 o8 0 $0 $0 008 $0 0 $ 9 $0 08 $0 0 $ $0 30 $0,14 08 $00 $ 0

203 08 08 08 08 $0 SO' $0 SO' $0 so $0 $0o1 $0 so, to $0 $0o $0 $0108 $0
203 08 08 so $0' 50 o so $0 so $0; to $0 so $0 $0' so s0 $0 08 so s0 $0 O' $0 so
203$ so so $0 $0' to so $08 $0 $0 so; $0 8$ 8 $ 00 0$ 0 $ 0

23S~ so: 08 $w8$' $ 0 $ $0 8 so 08* $0 $0o0 $0 so $0$ $ 0 $0 so $0
201$0 so 08 $0 so so so SO' $0 s0 $0 08 so so. 0 0ý 08 08 $0 so $0 $0 $0 $0

2542 so 08 $0 $0 $0' so so s0 s0 So 5 o 08 $0o0 $0 $0 so $0 $0 $0 $0 $0 so $0

so4 $0o0 $0 $0ý so 0 so so $0 so soj $0 so ~ $0 $0' so so $0 $0 08 $0 $0 so so $
203a $0 so so SO' $0' $0 $0 so so 08 $0 $0, $0 so 10 $0 so $0 $0 $0 $0o0 $0 s
2049 s0 so $0 $0, $0 08 $0 so $0 so SO' so $0 $0' so 08 t0o0 $0 $0 $0 $0- 08 08
2047 so 08 to so so 08 08' $0 $0 $0 s5o $0$ $0 w $0 so $0' 08* $0 s $0 $0 $0 $0 s

24 so $0 $0 $0, so so so 08 $0' $0 $0 $0 $0' so so $0 00ý 08 so $0 $0 $0 so $0
7048 so 08 08 $11 08! so $0 08 08 $0D $0' $0 $0 $0 $08 s11 08' $0 $08 $0 so $0' $08 $0

204 08 so so, 50 $2 0111 08 so 5so so 08 $0i $06 08ý $40s o $0 83 $0$0 $0 so 08 o0
20451 $0, 08 5s2o0 1 50 8 1 8 0 8 0 0 2 8 $ $ 15 $0' $1 $0 so $0

2056 s0 08 08 $0 $08 $0 so 08 so $08 $0 08 $0 $0 $0 124 08' $1 $16 $0 s1o $0 08 08

2 51 .0o08 s $ 247 0.4 so, 514 1761 So' $15 $0 so SO' $162 $0 so4 $1240 $08 $5 81,12 so 8$41 so $0 $
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SDG&E SONGS Detailed Annual Expenditures
Base Cal Prompt DECON, Time Reasonable Schedule, DOE Repository Opening 2024, Utility end DGC, Dry Storage
(2014 Dollars in Thousands)

Account Totals unit 2 Unit 3 Toed

Uoeýs Termination1!3sI

see.Resoratasion 1 7611 153 1.431 Sol $241 1 1,9041 N
$"I1 $0 $523 S4,450 $0 $1,041 $8,466 $0 sI866 $10,360

Unit 2 and 3 Total Unit 2 and 3 Project Totals

20M3 1-0 SO 01 10S O1 0182: $3 $236
2014 0474 $0 1243 so SI 12 SO 1$6 0 so 1007 5294 106 $906
2015 5453 10 14 0240 $0 $137 $21 0 S10 1 0 10 s 0 W, 2 531 "M
2016 26 5 u • 66 0 ' 00 553 144 so1 541 10 SO so 532 0462 SO0 $0
201,7 $19 so $100 1 S0 s 7 $0o so S1 SO $0 10 12 34 $15 5610
201 $157 so $101 52 s0 s 1 so 10 10 10 10 10 $258 134' 10 06
21 86 10 503 $107 80 SI1 $1 10 042 10 10. 10 $ $5173 543 1000
2020 146 10s $130 523 so S2 $5 10 so 10 10 s0 1007 525 10 1508
2021 S41$ 10 129 $260 0 $2 S1 S1 10 so 10 so $548 620 82 1076
2022 $404 10 $107 $41 so 13 12 10 111 10' 10 10 $511 so3 $13 106202 S309 W, .. . . .0 $3 so SO ,, so ý 'S S5011 S" . ... 56.
2024 $264 10 02 M0 $0 $2 .124 10. 572 10 so 10 $261 S06 $116 154
202 so 10 4 14 s1 1171 10 s? 1o0 10 10 512 56 16 0246
2026 51 $0 ST 166 10 $1 5153 so $15 10 10 10 $Is 16 1V66 1246

22$1ý4 so 12 107 10 $1, $157 $6 s 51G 06 1 151617 1172 $4
2029 $13 10 52 152 10 $ 5161 16 $16 so 1 0 1•5 14 1177 1246
2025 10 S0 10 120 10 10 5170 10* $1 06 10 so 110 136 Sts? 12466
2030 $10 so so 042 so $6 $176 $so Vs so so 1 542 t$10 2M
2031 to 10 2: 100 10 $1 $172 10 $15 so 10 10 $0 101 V867 1246
2032 10 10 $6 $6 10 10 $6 10 10 s so s 10 10 $6
2033 so 10 $6 $6 10 $6 10 10 10 $6 10 10 so 1o 10 so
2034 10 so so 10 10 10 10 10 $6 s0 so so so so so1 $
2035 so 10 so 10 1o 10 1 so s $o so $ so 10 so 10 $6
2036 so 0 s$ 0 so so so so so so SO $6 $6 $6 SO1 1 $2037 so. so s so so so so so 0' SO' so so so , 50 s2113 so so SO' so s so" so w so SO' so so so: so $
2020 so 00 10 10* 10 so 10 10 10 S* $6' 10 so 10 10 102020 0 1 0 1' 1 6 1 10O10 $6 10 10 00 10 10 $6
2040 so so$ so 10 10 so 10 10 10 $6 $6 $6 S' so $6 $

201 o 1o 0 $6 1o $6 so 10 1 o S10 $ so 10 1o 1 So1
204 0 so $6 s $o s1 s0 $ o 1 $6 o 6 10o 10 so $ so
2003 0 so $ o 1 0 0 so 1 so $0 so w1 0 so $6 $6 s1 10
2046 1 so 1o 10 so so S00 SO1' $6 0 $6 10 $6 to 10 so2U7 10 $6 s0 510 0 so 6 10 10 10' 10' 10 so $6 10
2046 1 0 to 10 0 0 10 0 t 0o $ so 10 $6SO' so$ 10
2007 so so $6 $221 $s 1' 10 10 10 10 S10 so $0 $26 1 12
2050 SO' $ so 10 so $ 1&0 so 14 6 $0 s0 $6 $6 S10 S10

2w o s o $8 so s3 $87, "6 Si o t o$ $1 23 S
2052 00 SO 1 54 00 $3 17 10 $0 14 $ W so $6 11' 1203 $253

"3An1 so S1 T U170 U 6417' S1.164 is 451 0 1 S O S#t7 51",47 16 $2,3 51• IG.=
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Includes Errata dated June 5, 1981. NUREG-0490 

Final nvironmen I Statement 
related to the operation of 
San Onofre Nuclear Generating Station, 
Units 2 and 3 
Docket Nos. 50-361 and 50-362 

Southern California Edison Company 
San Diego Gas & Electric Company 
The City of Riverside 
The City of Anaheim 

U.S. Nuclear Regulatory 
Commission 

Office of Nuclear Reactor Regulation 

April 1981 
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Available from 
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Printed copy price: $8.00 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

JUN S 198\ 

Docket Nos. : 50-361/362 

Mr. Robert Dietch 
Vice President 
Southern California Edison Company 
2244 Walnut Grove Avenue 
Post Office Box 800 
Rosemead, California 91770 

Gentlemen: 

Mr. D. W. Gilman 
Senior Vice President, Operations 
San Diego Gas & Electric Company 
101 Ash Street 
Post Office Box 1831 
San Diego, California 92112 

SUBJECT: ISSUANCE OF ERRATA TO FINAL ENVIRONMENTAL STATEMENT (SAN ONOFRE 
NUCLEAR GENERATING STATION, UNITS 2 AND 3) 

The Nuclear Regulatory Commission has issued the enclosed errata to the 
Final Environmental Statement (FES) related to the San Onofre Nuclear 
Generating Station, Units 2 and 3. Although implicit in the FES, this errata 
clarifies the staff's consideration of reasonable alternatives to the proposed 
action. The enclosed discussion should be added to Section 10.1. 

Enclosure: 
Errata (20 copies) 

cc: See next page. 

Stncerely, 

1a, cting Chief 
Licensing Branch No. 3 
Division of Licensing 
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ERRATA 

FINAL ENVIRONMENTAL STATEMENT 

~AN ONOFRE NUCLEAR GENERATING STATION, UNITS 2 AND 3 

ALTERNATIVES TO THE PROPOSED ACTION 

During the construction permit stage, the staff analyzed alternative sites, 
plant designs, and methods of power generation, including the alternative of 
not adding the production capacity. The staff concluded, based on its analysis 
of these alternatives, as well as on a cost-benefit basis, that additional 
capacity was needed that a nuclear-fueled plant would be environmentally 
acceptable, and that SONGS, at a specified site and of a specified design, 
were acceptable from both economic and environmental perspectives. Since that 
time, construction of SONGS has been nearly completed and many of the economic 
and environmental costs associated with the construction of the facility have 
already been incurred and must be viewed as "sunk costs 11 in any prospective 
assessment. 

The staff believes that the only reasonable alternative to the proposed action 
of issuance of operating licenses for SONGS appropriately considered at this 
stage is denial of the operating licenses for the facility, thereby not 
permitting the addition of the essentially built generating capacity to the 
applicant•s generating system. Alternatives such as construction of the 
units at another site, extensive modifications to the facility, or construc­
tion of facilities utilizing different energy sources would each require 
additional construction activity with its accompanying economic and environ­
mental costs. Therefore, unless major safety or environmental concerns 
resulting from operation of SONGS are revealed that were not evident and 
considered during the construction permit review, these alternatives are 
unreasonable as compared to operating the already constructed facility. 
No such concerns have been identified with respect to operation of SONGS. 

The continued need for the capacity to be generated by SONGS is discussed 
in section 8 of this PES. 

Accordingly, the staff concludes that the preferrable alternative is operation 
of SONGS, 

SCE-SER 000291

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 9 of 300
(300 of 2110)



SCE-SER 000292

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 10 of 300
(301 of 2110)



Mr. Robert Dietch 
Mr. D. W. Gilman 

cc: Charles R. Kocher, Esq. 
James A. Beo1etto, Esq. 
Southern California Edison Company 
2244 Walnut Grove Avenue 
P. 0. Box 800 
Rosemead, California 91770 

Hr. David R. Pigott 
Of Orrick, Herrington t Sutcliffe 
A Professional Corporation 
600 Montgomery Street 
San Francisco, California 94111 

Mr. George Caravalho 
City Manager 
City of San Clemente 
100 Avenido Presidio 
San Clemente, California 92672 

Alan R. Watts, Esq. 
Rourke & Woodruff 
Suite 1020 
1055 North Main Street 
Santa Ana, California 92701 

Lawrence Q. Garcia, Esq. 
California Public Utilities Commission 
5066 State Building 
San Francisco, California 94102 

Mr. V. C. Hall 
Combustion Engineering, Incorporated 
1000 Prospect Hill Road 
Windsor, Connecticut 06095 

The City of Riverside 
3900 Main Street 
Riverside, California 92522 

The City of Anaheim 
204 East Lincoln Avenue 
Anaheim, California 92805 
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Mr. Robert Dietch 
Mr. D. w. Gi lrnan 

cc: Mr. P. Dragolovich 
Bechtel Power Corporation 

- 2 -

P. o. Box 60860, Terminal Annex 
Los Angeles, California 90060 

Mr. Mark Medford 
Southern California Edison Company 
2244 Walnut Grove Avenue 
P. O. Box BOO 
Rosemead, California 91770 

Henry Peters 
San Diego Gas & Electric Company 
P. o. Box 1831 
San Diego, California 92112 

Ms. Lyn Harris Hicks 
Advocate for GUARD 
3908 Calle Ariana 
San Clemente, California 92672 

Richard J. Wharton, Esq. 
Wharton & Pogalies 
University of San Diego School of Law 
Environmental Law Clinic 
San Diego, California 92110 

Phyllis M. Gallagher, Esq. 
Suite 222 
1695 West Crescent Avenue 
Anaheim, California 92701 

Mr. A. s. Carstens 
2071 Caminito Circulo Norte 
Mt. La Jolla, California 92037 

Resident Inspector, San Onofre/NPS 
c/o u. s. Nuclear Regulatory Commission 
P. Q. Box AA 
Oceanside, California 92054 
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'Mr. Robert Oietch 
Mr. D. W. Gilman 

cc: Mr. Marvin I. Lewis 

- 3 -

6504 Bradford Terrace 
Philadelphia, Pennsylvania 19149 

Mr. Frank H. Arundel 
1888 Blackhawk Street 
Oceanside, Califor~ia 22054 

Dr. Gordon Thompson 
Staff Scientist 
Union of Concerned Scientists 
1884 Massachusetts Avenue 
Cambridge, Massachusetts 02238 

San Diego Association of Governments 
Suite 524, Security Pacific Plaza 
1200 Third Avenue 
Sdn Diego, California 92101 

Mr. Mark Forster 
Los Angeles Times 
P. 0. Box 85076 
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SUMMARY AND CONCLUSIONS 

This Environmental Statement was prepared by the U.S. Nuclear Regulatory Commission, 
Office of Nuclear Reactor Regulation (hereinafter referred to as the staff). 

1. The action is administrative. 

2. The proposed action is the issuance of Operating Licenses jointly to the Southern 
California Edison Company (SCE) and the San.Diego Gas and Electric Company (SDG&E) 
for the startup and operation -of Units 2 and 3 of the San Onofre Nuclear Generating 
Station, adjacent to San Onofre Unit 1, located on the Pacific coast in the State 
of California, County of San Diego (Docket Nos. 50-361 and 50-362). 

The City of Anaheim, California, and the ~ity of Riverside, California, have recently 
been added as co-holders of the Construction Permits for San Onofre 2 and 3, and 
will soon request to be included as applicants for Operating Licenses. The four 
groups are co-owners of the facility, and are referred to herein as the applicant. 

Both units will employ pressurized water reactors to produce up to 3410 thermal 
megawatts (MWt) each. Steam turbine-generators will use this heat to provide a net 
power output of up to 1106 electrical megawatts (MWe) each. The exhaust steam will 
be cooled by once-through flow of water pumped from the Pacific Ocean and returned 
to it through a diffuser-type system. 

3. The information in this statement represents the second assessment by the staff of 
the environmental impacts associated with the San Onofre Nuclear Generating Station, 
Unit Nos. 2 and 3, pursuant to the requirements of the National Environmental 
Policy Act (NEPA) of 1969 and 10 CFR Part 51 of the Commission's Regulations. 
After receipt of an application (1970) to construct this plant, the staff carried 
out a review of impacts that would occur during the construction and operation of 
this plant. This evaluation was issued as a Final Environmental Statement in March 
1973. As a result of this environmental review, a staff safety review, an evaluation 
by the Adviso~ Committee on Reactor Safeguards, and a public hearing in San Diego, 
California during January 16-24; 1973 and May 14-22, 1973, and in San Clemente, 
California, during March 13-15, 1973, the U.S. Atomic Energy Commission (AEC) [now 
Nuclear Regulatory Commission (NRC)] issued permits in October 1973 for the construc­
tion of Units 2 and 3. As of December 1980, Unit 2 was approximately 97% complete 
and Unit 3 was approximately 68% complete. The applicant has applied for licenses 
to operate the nuclear units and has submitted the required safety and environmental 
reports to support this application (March 1977). The staff has reviewed the 
activities associated with the proposed operation of these units and their potential 
impacts, both beneficial and adverse, are summarized as follows: 

a. Cooling water heated to about ll°C (20°F) above inlet temperature will be 
discharged ft•om each unit to the Pacific Ocean at a rate of about 53 m3/s 
(846,000 gpm) (Sect. 3.2.2). The heated water may result in the destruction 
of at least a portion of the San Onofre Kelp Bed during the summer months. 
However, the long-term thermal impacts are not likely to be severe (Sect. 
5.4.2. 1) and violations of the state thermal standards are unlikely (Sect. 5.3. 1). 

b. An impact on aquatic resources may occur in the cooling water intake structure 
through entrainment of plankton and impingement of fish. ·These losses are not 
expected to have a significant impact on the overall biotic populations in the area. 

c. Chemical effluents from Units 2 and 3 should cause only minimal impact in the area 
of the discharge, and no significant impact on the aquatic biota in the Pacific 
Ocean (Sect. 5.4.2.2). 

d. The program for operation and maintenance of transmission lines. has been designed 
to reduce environmental impact. Existing transmission lines and towers will be 
used where possible. About 7.2 ha (17.8 acres) will be occupied by new towers, 
access roads, and switchyards (Sect. 2.2.2). 

e. About 16 ha (40 acres) of coastal land wnich could otherwise have been used 
primarily for recreation or maintained as wildlife habitat will be occupied by 
Units 2 and 3 (Sect. 2.2.2). 

iii 
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f. The removal of approximately 1.4 km (0.85 mile) of beach from unrestricted 
public use, as required by the Construction Permit, is a significant cost of 
operation. 

g. No detectable impacts are anticipated from releases of radioactive materials 
as a consequence of normal operation (Sect. 5.5. 1.6). 

h. The risk associated with accidental radiation exposure is very low (Sect. 7). 

i. Nothing of known local historic or archaeological interest will be disturbed 
on the plant site by the operation of Units 2 and 3. A survey along the 
transmission right-of-way evaluated 41 archaeological sites; of these 23 will 
be nominated for inclusion in the National Register of Historic Places (Sect. 5.2). 

4. The following Federal and State agencies were asked to comment on the Draft Environmental 
Statement: 

Department of Agriculture 
Department of the Army (Corps of Engineers) 
Department of Commerce 

• Department of Energy 
Department of the Interior 
Department of Health, Education and Welfare 

• Department of Housing and Urban Development 
• Department of Transportation 

Environmental Protection Agency 
Federal Energy Regulatory Commission 

• Advisory Council on Historic Preservation 
• California Department of Health (Water Pollution Control Commission, Air Pollution 

Control Commission, Occupational Health Office) 
California Department of Natural Resources 

• California Department of Parks and Recreation 

Comments on the Draft Environmental Statement were received from the following: 

Department of Agriculture, Economics, Statistics, and Cooperatives Service 
• Department of Agriculture, Science and Education Administration 

Department of Agriculture, Soil Conservation Service 
• Department of the Army, Corps of Engineers 

Department of Commerce 
• Department of Energy, Federal Energy Regulatory Commission 
• Department of Health, Education and Welfare 
• Department of Housing and Urban Development 

Department of the Interior 
Environmental Protection Agency 

• Mr. Marvin I. Lewis 
Rourke and Woodruff Law Offices 

• Richard J. Wharton 
• Union of Concerned Scientists 
• Southern California Edison Company 
• Frank H. Grundel 

San Diego Association of Governments 

iv 
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Copies of these comments are appended to this Final Environmental Statement as 
Appendix A. The staff has considered these comments, and the responses are located 
in Section 11. 

5. This Final Environmental Statement was made available to the public, to the Environ­
mental Protection Agency, and to other specified agencies in April 1981. 

6. On the basis of the analysis and evaluation set forth in this statement, and after 
weighing the environmental, economic, technical and other benefits against environmental 
costs and after considering available alternatives at the construction stage, it is 
concluded that the action called for under NEPA and 10 CFR Part 51 is the issuance 
of operating licenses for Units 2 and 3 of the San Onofre Nuclear Generating Station 
subject to the following conditions for the protection of the environment: 

(A) license Conditions 
Before engaging in activities that may result in a significant adverse environ­
mental impact that was not evaluated or that is significantly greater than 
evaluated in this Environmental Statement, the licensee shall provide written 
notification of such activities to the Office of Nuclear Reactor Regulation 
and receive written approval from that office before proceeding with such 
activities. 

(B) Significant Environmental Technical Specification Requirements 

(1) If, during the operating life of the Station, effects or evidence of 
potential irreversible damage are detected, the licensee will provide to 
the staff an analysis of the problem and a proposed course of action to 
alleviate the problem. 

(2} The licensee will carry out the operational environmental monitoring 
programs outlined in Section 6. 
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FOREWORD 

This environmental statement was prepared by the U.S. Nuclear Regulatory Commission, Office of 
Nuclear Reactor Regulation (hereinafter referred to as the staff) in accordance with the Com­
mission's regulations, 10 CFR 51, which implement the requirements of the National Environmental 
Policy Act of 1969 (NEPA). 

The NEPA states, among other things, that it is the continuing responsibility of the Federal 
government to use all practicable means, consistent with other essential considerations of 
national policy, to improve and coordinate Federal plans, functions, programs, and resources 
to the end that the Nation may: 

Fulfill the responsibilities of each generation as trustee of the environment for 
succeeding generations. 

Assure for all Americans safe, healthful, productive, and aesthetically and culturally 
pleasing surroundings. 

Attain the widest range of beneficial uses of the environment without degradation, 
risk to health or safety, or other undesirable and unintended consequences. 

Preserve important historic, cultural, and natural aspects of our national heritage, 
and maintain, wherever possible, an environment that supports diversity and variety 
of individual choice. 

Achieve a balance between population and resource use which will permit high standards 
of living and a wide sharing of life's amenities. 

Enhance the quality of renewable resources and approach the maximum attainable 
recycling of depletable resources. 

Further, with respect to major Federal actions significantly affecting the quality of the 
human environment, Sect. 102(2)(C) of the NEPA calls for preparation of a detailed statement 
on: 

(i) the environmental impact of the proposed action; 

(ii) any adverse environmental effects which cannot be avoided should the proposal be 
implemented; 

(iii) alternatives to the proposed action; 

(iv) the relationship between local short-term uses of man's environment and the 
maintenance and enhancement of long-term productivity; and, 

(v) any irreversible and irretrievable commitments of resources which would be 
involved in the proposed action should it be implemented. 

An environmental report accompanies each application for a construction permit or for a full­
power operating license. A public announcement of the availability of the report is made. 
Any comments by interested persons on the report are considered by the staff. In conducting 
the required NEPA review, the staff meets with the applicant to discuss items of information 
in the environmental report, to seek new information from the applicant that might be needed 
for an adequate assessment, and generally to ensure that the staff has a thorough understanding 
of the proposed project. In addition, the staff seeks information from other sources that 
will assist in the evaluation and visits and inspects the project site and surrounding vicinity. 
Members of the staff may meet with state and local officials who are charged with protecting 
state and local interests. On the basis of all the foregoing and other such activities or 
inquiries as are deemed useful and appropriate, the staff makes an independent assessment of 
the considerations specified in Sect. 102(2)(C) of the NEPA and 10 CFR Part 51. 

XV 
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This evaluation leads to the publication of a draft environmental statement, prepared by the 
Office of Nuclear Reactor Regulation, which is then circulated to Federal, state, and local 
governmental agencies for comment. A summary notice of the availability of the applicant's 
environmental report and the draft environmental statement is published in the Federal Register. 
Interested persons are also invited to comment on the proposed action a~d on the draft statement . 

. After receipt and consideration of comments on the draft statement, the staff prepares a final 
environmental statement, which includes a discussion of questions and concerns raised by the 
comments and the disposition thereof; a final benefit-cost analysis, which considers and 
balances the environmental effects of the facility and the alternatives available for reducing 
or avoiding adverse environmental effects with the environmental, economic, technical, and 
other benefits of the facility; and a conclusion as to whether- after the environmental, 
economic, technical, and other benefits are weighed against environmental costs and after 
available alternatives have been considered - the action called for, with respect to environ­
mental issues, is the issuance or denial of the proposed permit or license or its appropriate 
conditioning to protect environmental values. This final environmental statement and the 
safety evaluation report prepared by the staff are submitted to the Atomic Safety and Licensing 
Board for its consideration in reaching a decision on matters in controversy regarding the 
application. The same format as used in the.Draft Environmental Statement is used in this 
Final Statement to facilitate its review. 

This environmental review deals with the impact of operation of San Onofre Nuclear Generating 
Station Units 2 and 3 (SONGS 2 & 3). Assessments that are found in this statement supplement 
or modify those described in the Final Environmental Statement (FES-CP) that was issued in 
March 1973 in support of issuance of construction permits for the units. The information 
found in the various sections of this Statement updates the FES-CP in four ways: (1) by 
identifying differences between environmental effects of operation (including those which 
would enhance as well as degrade the environment) currently projected and the impacts that 
were described in the preconstruction review, (2) by reporting the results of studies that had 
not been completed at the time of issuance of the FES-CP and that were required by the NRC 
staff to be completed before initiation of the operational review, (3) by evaluating the 
applicant's preoperational monitoring program and by factoring the results of this program 
into the design of a postoperational surveillance program and into the development of environ­
mental technical specifications, and (4) by identifying studies being performed by the applicant 
that will yield additional information relevant to the environmental impacts of operating 
SONGS 2 & 3. 

Copies of this statement are available for inspection at the Commission's Public Document Room, 
1717 H Street, N.W., Washington, D.C.; the Mission Viejo Branch Library, 24851 Chrisanta Drive, 
Mission Viejo, California; and the NRC Office of Inspection and Enforcement, 1990 N. California 
Boulevard, Walnut Creek, California. Copies of this statement may be obtained as indicated on 
the inside front cover. Mr. Dino C. Scaletti is the NRC Project Manager for this statement. 
Mr. Scaletti may be contacted at (301) 492-8443. 

xvi 
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1. INTRODUCTION 

1.1 HISTORY 

On May 28, 1970, the Southern California Edison Company and the San Diego Gas and Electric 
Company filed an application with the Atomic Energy Commission (now Nuclear Regulatory 
Commission) for permits to construct San Onofre Nuclear Generating Station Units 2 and 3 
(SONGS 2 & 3). Construction Permits Nos. CPPR-97 (Unit 2) and CPPR-98 (Unit 3) were 
issued on October 18, 1973, following reviews by the AEC regulatory staff and the Commission's 
Advisory Committee on Reactor Safeguards, as well as a public hearing before an Atomic 
Safety and Licensing Board in San Diego and San Clemente, California on January 16 to 
24, March 13 to 15, and May 14 to 22, 1973. An additional session of the hearing was 
held in Los Angeles, California on May 19, 20, and 21, 1976. The conclusions reached in 
the staff's environmental review were issued in a Final Environmental Statement (FES-CP) 
in March 1973. 

As of December 1980, construction of Unit 2 was about 97% complete and construction of 
Unit 3 was about 68% complete. Each unit has a pressurized-water reactor that will 
produce up to 3410 MWt and a net electrical output of up to 1106 MWe. 

In November 1976 Southern California Edison Company and San Diego Gas and Electric 
Company submitted an application including a Final Safety Analysis Report (FSAR) and 
Environmental Report (ER) requesting issuance of operating licenses for Units 2 and 3. 
These documents were docketed on March 22, 1977, and the operational safety and environ­
mental reviews were initiated at that time. 

The City of Anaheim, California, and the City of Riverside, California have recently 
been added as co-holders of the Construction Permits for San Onofre 2 and 3 and will 
soon request to be included as applicants for Operating Licenses. The four groups are 
co-owners of the facility and are referred to herein as the applicant. 

1.2 PERMITS AND LICENSES 

The applicant has provided a status listing of environmentally related permits, approvals, 
licenses, etc., which are required from Federal, regional, state, and local agencies in 
connection with the proposed project (ER, Sect. 12). The staff has reviewed that listing. 
An amendment to the permit from the California Coastal Commission may be required to 
obtain approval for the modified exclusion area plan. The staff is not aware of any 
other potential non-NRC licensing difficulties that would significantly delay or preclude 
the proposed operation of the plant. 

1-1 
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2. THE SITE 

2.1 RESUME 

The staff visited the SONGS site in May 1977 primarily to determine what changes had occurred at 
the site and in surrounding areas since the preconstruction environmental review in late 1972. 
In addition, more detailed information about the ope1·ation of SONGS 2 & 3 was obtained as a 
result of this visit. 

Population distribution estimates have been updated and extended to the year 2020. The major 
land use change has been the construction of the plant itself. Transmission line routes have 
undergone some changes. 

An updated description of the surface-water hydrology is given in Sect. 2.3. 1. 

The section on meteorology has been revised to include the results of recent observations. 

Considerable additional field work and sampling is reflected in the description of terrestrial 
and aquatic ecology in Sect. 2.5. 

2.2 REGIONAL DEMOGRAPHY AND LAND USE 

2.2.1 Population change 

Population for 1976 by sectors within 80 km (50 miles) of the plant and the projected population 
estimates to the year 2020 are provided in Tables 2.1-2 through 2.1-15 of the ER. The population 
within a 16-km (10-mile) radius of the site in 1976 was 57,241. By 1980 this population was 
expected to increase to 67,547- an annual growth rate of 4.2% (ER, Sect. 2. 1.3.2. 1). The major 
cities in the area and their 1975 populations are San Clemente (20,794), 6.4 km (4 miles) 
northeast; San Juan Capistrano (13,658), 16.8 km (10.5 miles) northwest; Oceanside (54,900), 
27.2 km (17 miles) southeast; and San Diego (1,518,000), 81.6 km (51 miles) southeast. Table 2.1 
provides 1976 population data by sector within 16 km (10 miles) of the site. 

Table 2.1. Population by sector and distance with 10 miles of San Onofre site (1976) 

Distance (miles) 

4 to 5 5 to 10 
Total 

Sector 0 to 1 1 to 2 2 to 3 3 to 4 
0 to 10 

w 0 0 0 0 0 0 0 
WNW 0 0 0 0 0 0 0 
NW 0 656 54 3532 5298 21,979 31,519 
NNW 0 732 630 0 0 6,541 7,903 
N 0 0 0 4300 0 519 4,819 
NNE 0 0 0 0 0 0 0 
NE 0 0 4600 0 0 0 4,600 
ENE 0 0 0 0 0 0 0 
E 0 0 0 0 4300 4,300 
ESE 0 0 0 0 0 3,100 3,100 
SE 0 0 0 0 0 1,000 1,000 
SSE 0 0 0 0 0 0 0 

Total 0 1388 5284 7832 9598 33,139 57,241 

Source: ER, Table 2.1·2. 

(To convert miles to kilometers, multiply by 1.6.) 
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Table 2.2 presents projected population and annual growth rates within 16 km (10 miles) of the 
plant between 1976 and 2020. The total percentage change in population for the area between 
1976 and 2020 is projected to be 99.4%. These projections are based on surveys made by the 
Southern California Association of Governments, the Comprehensive Planning Organization of San 
Diego County, the California State Department of Finance, and the applicant (ER, Sect. 2.1.3.2.3). 

Table 2.2. Projected population and annual growth rate 
within 16 km of the San Onofre site 

Year 
Projected Annual growth8 

population (%1 

1976 57,241 } 4.2 
1980 67,547 

1980 67,547 } 2.9 
1990 89,521 

1990 89,521 } 0.3 1.6 
2000 91,949 

2000 91,949} 1.0 
2010 101,945 

2010 101,945} 1.1 
2020 114,139 

8 Compounded annually •. 

Source: Adapted from ER, Table 2.1·8. 

2.2.2 Changes in land use 

Change 
(%1 

99.4 

Since issuance of the FES-CP in 1973, the construction of SONGS 2 & 3 is the only major change in 
land use in the site vicinity. Site preparation required the excavation of 16.39 ha (40.5 acres) 
of the San Onofre Bluffs, which otherwise could be used primarily for recreation. Most of this 
material was deposited on 34 ha (84 acres) at Japanese Mesa, a relatively flat area just north 
and across Interstate 5 from the site on Camp Pendleton Marine Base {ER, Sect. 4.1.2}. In 
addition, about 304.8 m {1000 ft) of beach front has remained closed except as a passageway 
during the construction period (ER, Appendix 12-B, p. 7). 

The area within an 8-km (5-mile) radius of the site occupies parts of two counties. The part of 
this area that lies in Orange County is entirely within San Clemente. The predominant land use 
in San Clemente is single family residential, light commercial, and recreational. Industrial 
land use in San Clemente is limited to light industry only. Because the available developable 
land is steep, future development in that area is expected to be slow with only low residential 
densities permitted by the city (ER, Sect. 2.1.4.3.1). In San Diego County, the 8-km (5-mile) 
radius area lies within Camp Pendleton Marine Base. About 95% of Camp Pendleton is unimproved 
land that is used for military purposes, recreation, and conservation (FES-CP, Sect. 2.2.2). 
Figure ~.1-12 of the ER provides a detailed land use map of the area within an 8-km (5-mile) 
radius of the site. 

Heavy-haul components for the plant arrive by barge or by vessel at the Del Mar Boat Basin near 
Oceanside, about 22.5 km (14 miles) south of the site {ER, Suppl. 2, Item 37). The haul route, 
which was not available at the time the FES-CP was issued, required that a road be cut through 
the bluffs between the beach and Highway 101, about 11 km (7 miles} north of the Del Mar Boat 
Basin (ER, Suppl. 2, Item 37). 

The description of the transmission lines as presented in Sect. 3.7 of the FES-CP has been 
modified {Sect. 3.2.5). No new rights-of-way were required: about 5.2 ha (12.8 acres) will 
be used for new tower bases and for access-road extensions, and-2 ha (5 acres) of land will be 
covered by the Talega Substation (ER, Suppl. 2, Item 36). Three changes in land use 
adjacent to the San Onofre-Santiago transmission line route have occurred since the issuance of 
the FES-CP, {1) construction of a paved road immediately adjacent to a significant portion of 
the proposed transmission line, (2) bulldozing of a firebreak adjacent to the transmission line 
on Camp Pendleton Marine Base, and (3) active operation of a large aggregate borrow site adjacent 
to the line in a third location (ER, Appendix 6A). 
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2.2.3 Changes in the local economy 

Construction activity peaked in late 1979 with an estimated work force of about 3000. The 
applicant has estimated, after discussions with officials of the labor unions represented at 
SONGS 2 & 3 that 20%, or about 600 workers, relocated to the southern California area from 
other parts'of the country (ER, p. S.2-167). Although all union craft workers at the site were 
hired from unions located within a 96-km {60-mile) radius of the site, all of the workers who 
relocated were travel card members who were assigned by the local unions to SONGS 2 & 3 after 
the local list was exhausted. Because the construction workers lived throughout the metro­
politan areas of San Diego, Orange County, and Los Angeles, the impact of the workers' income 
was diffuse. 

From 1974 through 1976 the applicant estimated that about $4.1 million was spent within a 48-km 
{30-mile) radius of the site for materials and services. These expenditures accounted for about 
0.2% of the total forecast plant cost (ER, p. S.2-174). 

2.3 WATER USE 

2.3.1 Surface-water hydrology 

The only significant water resource in the vicinity of SONGS is the Pacific Ocean. A few 
streams are located near the site, but these are intermittent. 

The currents in the San Onofre vicinity are a superposition of many effects. This current 
system can be decomposed into individual components. The two most persistent components are the 
California Current and the tides. 

The California Current is evident close to shore and north of Point Conception. However, south 
of this point the coastline recedes to the east, and water is available for entrainment from 
the east side of the current. This entrainment tends to make the California Current more 
diffuse south of Point Conception. Furthermore, the effect of this entrainment in addition to 
upwelling, winds, and baroclinic instabilitiesl can produce a counter-rotating eddy through the 
Channel Islands which is known as the Southern California Eddy; the nearshore northward flowing 
current is the Southern California Countercurrent. Observations indicate that this eddy can 
exist year-round; however, it is strongest in the fall and in the early winter. 

Tides along the California coast are a mixed type with diurnal and semidiurnal components. The 
diurnal period lasts about 25 hr, and the semidiurnal period is about half the duration of the 
diurnal. As a result of tidal rotation, flood tide flows up the coast and ebb tide flows down 
the coast. A more detailed discussion of the tides in the San Onofre vicinity can be found 
in Sect. 2.6.3 of the FES-CP. 

The total near-shore current is the sum of the large-scale current systems, the tides, and other 
effects such as local winds and offshore storms. The net result is a highly complex current 
structure that is quite variable in speed and direction. An additional complication is stratifi­
cation. During the winter when vertical homogeneity exists, near-shore currents are fairly 
uniform with depth. However, during the summer the presence of the thermocline divides the water 
column so that only certain components of the net flow are uniform with depth. These components, 
such as tides, are driven over the entire water column. Surface driving forces (the wind) will 
penetrate the epilimnion; however, the thermocline represents a barrier to these stresses reach­
ing the hypolimnion. The wind energy is then concentrated in the epilimnion, resulting in an 
increased intensity of wind-driven flow which can dominate all other components. In contrast, 
the hypolimnion is relatively free of wind effects and, therefore, is strongly influenced by the 
tides. The net result is a two-layered flow regime in which the flow in the two layers is only 
weakly correlated. This already-complicated flow structure can be altered by large amplitude 
internal waves. The breaking of these waves provides periodic vertical mixing. 

A survey of the currents in the San Onofre area was conducted in 1972 by Intersea Research Corpora­
tion.2 Data from this study have been analyzed by Koh and List. 3 From this analysis the follow­
ing summary information has been extracted. 

1. A net drift current can occur in a number of directions; however, the onshore/offshore 
component of the drift is necessarily smaller than the longshore component. 

2. The longshore component of the drift changes direction every 3 to 6 days with downcoast 
flow typically having a longer duration. 

3. The magnitude of the longshore drift is less than 30 em/sec (0.6 knot). 

4. The onshore/offshore component of drift is less than 15 em/sec (0.3 knot). 
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5. An upcoast component of drift usually is associated with an onshore component of 
drift, and vice versa. 

6. Both components of tidal flow are typically 10 em/sec (0.2 knot). 

The most detailed study of natural temperature variations in the San Onofre vicinity is 
that of Koh and List. 3 This study was based on daily temperature measurements from 1966 
through 1970 taken at the ends of piers at Balboa, San Clemente, Oceanside, and La 
Jolla. These data were separated into three frequency ranges- low, middle, and high. 
The low-frequency component represents data averaged over two months, and it reflects 
seasonal variations. After removal of these low frequencies, the data were averaged 
over one week. This is the middle-frequency band, which represents variation within 
periods from one week to two months. The residual data, the high-frequency band, 
represents daily to weekly fluctuations. Figure 2.1 is a plot of temperature vs time 
for the three frequency bands and the raw data for San Clemente. The temperature ranges 
from 12. 1°C (54°F) to 22.9°C (73°F). The low-frequency curve shows an annual temperature 
cycle with a maximum in midsummer and a minimum in midwinter. 

As part of their analysis, Koh and List performed a correlation study among the tempera­
ture records from the various locations. Both the low- and middle-frequency ranges 
showed very high correlations at zero lag time between Oceanside and San Clemente. This 
indicates that the mechanisms influencing these frequency components have a length scale 
greater than the distance between the two sampling locations. Therefore, temperature 
variations at San Onofre within periods of one week or longer can be represented adequately 
by the corresponding temperature variations at either San Clemente or Oceanside. The 
correlation of the high-frequency components between these two stations is very weak, 
indicating that short-term temperature fluctuations are a spatially localized phenomenon. 
This fact is substantiated by near-surface-temperature measurements made from a moving 
boat which show that horizontal temperature variations of 1. l°C (2°F) over 1.6 km (1 mile) 
are not uncommon off the coast of southern California. 3 

An additional feature of the thermal structure in the San Onofre vicinity is vertical 
stratification. During the winter this region is, in general, isothermal over the water 
column. As warming progresses, a vertical temperature gradient is established and 
reaches a maximum in late summer. This natural gradient has been as much as 0.55°C/m 
(0.3°F/ft). 

Ocean salinity in the San Onofre vicinity shows little spatial variation. An annual 
salinity cycle does exist as a result of annual cycles in the local meteorology and 
large-scale current systems. During this cycle, salinity typically ranges from 33 to 34 
ppt, with the minimum occurring in winter and the maximum occurring in summer. 

2.3.2 Groundwater hydrology 

The average elevation of the water table at the beach line is +1.5m (+5 ft) mean lower 
low-water level (MLLW) with a slope of less than 1%; inland, the gradients range from 2 
to 8% toward the ocean. Some groundwater can be obtained from the San Onofre Groundwater 
Basin, and it is used at Camp Pendleton Marine Base, but it is not a reso~rce used by 
the Station. The Station obtains its domestic supply of freshwater from the Tri-Cities 
Municipal Water District. 

2.3.3 Water quality 

Dissolved oxygen concentration in southern California coastal waters ranges from about 5 
to 13 mg/liter. Observations at the site vary from 5.4 to 10.0 mg/liter (2 to 3.6 grains/gal). 
The pH of southern California surface waters varies from 7.5 to 8.4 with a mean of about 
8.0. 

Measurements of coliform concentrations at the site were made during the period 1967 to 
1975. Most of the measurements gave a mean probable number (MPN) of 4 to 43 colonies/lOOml 
(1 to 13 colonies/oz). Only two measurements exceeded 43, and these occurred in 1972 
and both gave a MPN value of 460 (140). 

Turbidity in the vicinity of the site is due primarily to the suspension of bottom 
material in the surf zone. Outside the surf zone, turbidity generally decreases as 
distance from shore increases. Typical depths of Secchi Disc visibility range from 2 to 
5 m (6.5 to 16 ft). 4 The vertical variation of turbidity is often quite complex, with 
alternating layers of clear and turbid water. Visible plumes of turbidity have been 
observed occasionally on the ocean surface in the vicinity of the Unit 1 offshore discharge 
structure. These plumes have been observed and, depending on ambient conditions, are 
caused by the intake and subsequent discharge of naturally turbid water and the entrainment 
of naturally turbid water into the discharge stream as it moves towards the surface (ER, 
Sect. 2.4.3.8.2). 
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Fig. 2.1. Daily temperatures and decompositions into various frequency bands at San Clemente. 
Source: R. C. Y. Koh and E. J. List, Report to Southern California Edison Company on Further 
Analysis ReZated to The~al Disoharges at San Onofre Nuolear Generating Station, Sept. 30, 1974, 
Fig. 3.2. 
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2.3.4 Storm runoff 

The probable maximum 1-hr thunderstorm rainfall is 17.8 em (7.0 in). Much of the country to the 
north and east of the Station site drains into the San Onofre Creek, which flows into the ocean 
2 km {1-1/4 miles) northwest of the site. The land immediately east of the site now drains into 
a 3.7-m-wide (12-ft-wide) ditch that parallels Interstate Highway 5 (I-5) just east of the Station. 
Both lanes of I-5 also drain into this ditch, which discharges into San Onofre Creek. Storm 
runoff from the hills above the site drains through one 182-cm-(72-in.-) and one 107-cm-(42-in.-)diam 
culvert that run north along the highway right-of-way and then turn under the site to the beach. 
The culverts and channel are designed for the runoff associated with a 1% chance (100-year} storm. 
To preclude flooding at the site during the occurrence of a probable maximum thunderstorm, an 
earthen dike will be constructed to the east side of I-5 to divert runoff and debris from the 
foothills area to San Onofre Creek. 

2.4 METEOROLOGY 

2.4.1 Regional climatologys-9 

The climate of the coastal regions of southern California is strongly influenced by the Pacific 
Ocean. Summers are relatively cool with daytime temperatures averaging only in the 1ow-to-mid-
20s (°C) (70°F); daytime seabreezes are frequent. Outbreaks of hot, dry desert air from east of 
the coastal mountains (Santa Ana winds} may intrude onto the coastal plain several times each 
year, primarily in the fall, but temperatures exceed 32°C (90°F) usually less than five days 
annually. The proximity to the Pacific Ocean also results in mild winters, with daytime highs in 
the upper teens (°C) (60s°F) and nighttime lows around 5 to l0°C (40s°F). Temperatures below 
freezing are rare. 

Precipitation along the coastal plain averages around 250 mm (10 in.) annually. The rainfall is 
very seasonally dependent with 85% of the total occurring from November through March; almost no 
rain falls during the summer months. Average relative humidities range from about 80% during the 
early morning hours of summer and fall, down to around 55% during winter afternoons. 

2.4.2 Local meteorologys,G,8,9 

The San Onofre site is located on the relatively narrow coastal plain, near the mouth of San 
Onofre Canyon. Coastal bluffs, nearby hills and valleys, and the Pacific Ocean contribute to the 
complexity of the site topograph~. Within 8 km (5 miles) of the site, elevations range from 
525 m (1725 ft) above sea level Labout 5.5 km (3.5 miles) east of the site] to sea level along 
the Pacific Ocean. 

To assess the local meteorological characteristics of the San Onofre site, climatological data 
from San Diego, California [80 km (50 miles) southeast of the site]; from Los Angeles, California 
[95 km (60 miles) northwest]; and data collected onsite are available. These data are reasonably 
representative of the climatological conditions expected in the vicinity of the site. 

In the site area, average daily maximum and minimum temperatures range between 25°C {77°F) and 
l8°C (64°F) in August, the warmest month, and between l8°C (65°F) and 8°C (46°F) in January, the 
coolest month. The extreme maximum temperature recorded was 44°C (1ll°F) at San Diego 
in September 1963; the extreme minimum temperature was -5°C (23°F) at Los Angeles in January 1937. 

The area receives about 250 mm (10 in.) of rain annually; December, January, and February- the 
wettest three-month period- avera9es about 150 mm (6 in.), and June, July, and August combined 
averages less than 2.5 mm (0.1 in.). The maximum 24-hr rainfall recorded among these stations 
is 157 mm (6.2 in.) at Los Angeles in January 1956. Snowfall is a rarity, with a trace [less 
than 0.25 mm (0.01 in.)] being the most ever recorded. Heavy fogs [visibility of 0.4 km 
(0.25 mile} or less] occur on about 30 to 40 days each year along the coast with about half of 
the occurrences during October through January. 

Windflow at the site has a strong diurnal dependence primarily due to the land-sea breeze effect. 
During daytime hours the windflow has a predominant onshore directional component, whereas at 
night windflow tends toward a seaward direction. Table 2.3 shows the wind direction with the 
greatest frequency of occurrence for each hour of the day for the three-year period of 
January 25, 1973, through January 24, 1976, as measured at the 10-m (33-ft) level of the onsite 
meteorological tower. Figure 2.2 shows the directional frequency of onsite winds. About 25% of 
the total windflow over the site was from the northeast and north-northeast (principally night­
time offshore flow); 19% of the flow occurred from the west and west-northwest (daytime onshore 
flow). Winds were calm [windspeeds less than 0.34 m/sec~0.75 mph)] less than 1% of the time at 
the 10-m (33-ft) level. 
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Fig. 2.2. Directional frequency of wind at the San Onofre site. Onsite data at 10 m 

(33ft) above ground level, Jan. 25, 1973 through Jan. 24, 1976. Bars show the direction from 
which the wind blows. Calms are those winds with hourly average speeds less than 0.34 m/sec 
(0.75 mph). 
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Table 2.3. Wind direction with greatest frequency of occurrence 
by time of day at San Onofre Nuclear Generating Station 

Data measured at 10.m (33-ft) level of onsite meteorological tower 

Hour Wind Frequency Hour Wind Frequency 
(AM) direction (%) (PM) direction (%) 

1 NE 28 t WNW 25 
2 NE 26 2 WNW 27 
3 NE 27 3 WNW 27 
4 NE 28 4 WNW 27 
5 NE 30 5 WNW 22 
6 NE 30 6 WNW 16 
7 NE 25 7 NW 14 
8 NE 19 a NE 13 
9 s 12 9 NE 16 

10 w 17 10 NE 20 
11 w 20 11 NE 23 
Noon WNW 22 Midnight NE 25 

2.4.3 Severe weatherS-13 

Although infrequent, thunderstorms, tornadoes, tropical cyclones, and dust storms can affect 
the site area. Thunderstorms occur less than 5 days annually. Tropical storms are also rare 
in the site area, with a storm entering the region less than once every 10 years. The "fastest 
mile" of wind recorded at Los Angeles was 28 m/sec (62 mph) (March 1952). Snow, glaze, and 
hail are almost nonexistent in the site vicinity. 

Between 1952 and 1975, 23 tornadoes and 21 waterspouts were reported within a 34,000-km2 

(13,000-mi 2) area containing the site. Staff analysis of these tornado data indicates that 
the mean path area of a tornado in this region is about 0.3 km2 (0. 1 mi2). Using the methods 
of Thorn, this results in a recurrence interval of 70,000 years for a tornado or waterspout at 
the plant site. 

Oust storms are relatively infrequent within the site region; between 1940 and 1970, dust or 
blowing dust and sand reduced visibility to under 11 km (7 miles). about 1 hr annually. About 
8 days each year there is a high meteorological potential for air pollution. 

2.4.4 Atmospheric dispersionS•6•14•1S 

Southern California Edison Company (SCE) has provided joint frequency distributions of wind 
speed and direction by atmospheric stability class, based on the vertical temperature gradient, 
collected onsite during the period January 25, 1973 to January 25, 1976. The distributions 
were for wind speed and direction measured at both the 10- and 40-m (33- and 131-ft) levels 
with the vertical temperature difference between the 6.1- and 36.6-m (20- and 120-ft) levels. 
SCE has also conducted a tracer test program to assess the atmospheric dispersion in the 
landward directions at the San Onofre site. Section 6.2.5 describes the onsite meteorological 
program and the tracer test program. 

The staff has made reasonable estimates of average atmospheric dispersion conditions for SONGS 
2 & 3 using an atmospheric dispersion model for long-term releases; this model is based on the 
"Straight-Line Trajectory Model" described in Regulatory Guide 1. 111. The onsite tracer tests 
showed that ground-level relative concentrations normalized by windspeed were similar whether 
the source of release was elevated or ground level; thus it was assumed that all plant releases 
were from ground level. The calculations also include considerations of intermittent releases 
during more adverse atmospheric dispersion conditions than indicated by an annual average 
calculation as a function of total duration of release. The calculations include an estimate 
based on the criteria outlined in Regulatory Guide 1.111 of maximum increase in calculated 
relative concentration and deposition due to the spatial and temporal variation of the airflow 
not considered in the straight-line trajectory model. Radioactive decay of effluents· and 
depletion of the effluent plume were also considered as described in Regulatory Guide 1. 111. 
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In the evaluation, we used meteorological data collected onsite between January 25, 1973 and 
January 24, 1976. All releases were evaluated using joint frequency distributions of wind 
speed and direction measured at the 10-m (33-ft) level by atmospheric stability [defined by 
the temperature difference between the 36.6- and 6. 1-m (120- and 20-ft) levels]. Data 
recovery for this time period was 88%. 

Table 5. l presents the calculated values of relative concentration (x/Q) and relative deposition 
(D/Q) for specific points of interest. 

2.5 SITE ECOLOGY 

2.5. 1 Terrestrial ecology 

The FES-CP describes the terrestrial ecology of the San Onofre site (FES-CP, Sect. 2.8. 1). 
Field work for this description, however, was conducted only during November 1971 and con­
tained very little quantitative data. Consequently, the issuance of the construction permit 
was subject to the applicant's expansion of its current environmental monitoring program "to 
determine environmental effects which may occur as a result of site preparation and construc­
tion of Units 2 and 3, and to establish an adequate preoperational baseline by which the 
operational effects of Units 2 and 3 may be judged" (FES-CP, p. iv). In response, the 
applicant conducted terrestrial ecological studies for a period of 1 year on a 0.61-ha (1.5-
acre) quadrat located immediately south of Units 2 and 3 construction site (ER, Appendix 2A). 
This monitoring program documented seasonal changes in the biotic communities over a 1-year 
time span and fulfilled the recommendations of NRC Regulatory Guide 4. 11. 

About 80% of the study area is in a natural plant community of coastal sage scrub, and the 
remaining 20% has been disturbed by man-related activities. Total cover on the study area 
ranged from 81 to 98%. The greatest cover was found in February, decreasing toward midsummer. 
Vegetative diversity in the coastal sage scrub community was relatively low; California sagebrush 
(Artemesia californica) was the dominant species (65% relative cover). Coyote bush (Baccharis 
pilularis) ranked second in the study area (9% relative cover) but had higher relative cover 
in the disturbed areas than in the climax stand. The applicant's survey suggests that surface 
disturbances significantly alter the composition of the coastal sage scrub community by 
encouraging the invasion of exotic perennial and annual plant species, especially mustards and 
grasses. Establishment of these plants occurred only in areas that have been disturbed (ER, 
Appendix 2A). As expected for this very small study area (0.61 ha), no endangered plant 
species were observed. 

Fauna observed within the study area included 5 species of reptiles, 12 species of mammals, 
and 36 species of birds; no amphibians were sighted. None of the species observed in the 
study area are threatened or endangered as defined by the U.S. Department of the Interior16 

(ER, Sect. 2.2.1.2). 

The endangered animal species 16 whose ranges include the vicinity of the plant and associated 
transmission lines are listed in Table 2.4. Two of these species have been observed by the 
applicant. The California brown pelican has occurred several times on the beach adjacent to 
the construction area (ER, Sect. 2.2. 1.2), and the California least tern has a nesting colony 
located near the Del Mar Boat Basin, a facility used by the applicant to move heavy components 
(see Sect. 2.2.2). 

Examination of the geographical distributions17 • 18 of the 266 endangered plant species in 
California19 indicates that 26 of these species occur in those counties (Orange and/or San 
Diego) traversed by the transmission lines (Table 2.5). No endangered plant species, however, 
were observed during the applicant's biological study of the San Onofre-Santiago transmission 
line route. 20 Biological surveys of the other transmission line routes have not been conducted, 
but no habitats adjacent to or within the transmission line right-of-way have been classified 
by state or Federal authorities as being critical to any endangered species (ER, Suppl. 1, 
Item 22). 

2.5.2 Aquatic ecology 

The aquatic ecology of the site was described in the FES-CP issued in March 1973, and. 
was based on descriptive data obtained from literature concerning the southern California 
coast. The FES-CP site description contained minimal baseline information on spatial 
and temporal differences in species occurrences and population densities. The data 
obtained since issuance of the FES-CP is primarily from three sources: (1) a thermal 
effects study performed jointly by Environmental Quality Analysts, Inc., and Marine 
Biological Consultants, Inc., in 1973 using data and results obtained from 1964-72 by 
Bendix Marine Advisers, Inc., and Intersea Research Corporation. 21 (2) the SONGS l 
Environmental Technical Specifications (ETS) monitoring program begun in November 1974, 
conducted by the Lockheed Aircraft Service Company's Department of Marine biology,2 2-2 7 
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Table 2.4. Endangered animal $f111Ciei' whose ranges lncluda Orange and San 01!1110 counties, California 

Commonnam& Scientific name 

California brown pelican Pelecanus occldent&lis califomlcus 

California least tern Str1rna elbifrons browtlii 

American peregrine falcon Falco pereg'inus ana tum 

Southern bald eagle Hali81Hltus leucocephalusleucocephslut 

light-footed clapper rail RalluslongirostrisleviP6S 

Habitat 

Pacific coast from Canada 
to Mexico 

Pacific coast from S. San 
Francisco Bay, California, 
to S. Baja, California 

Coast and higher mountains 
inland 

Estuarine areal and inland 
around la111e lakes, 
reservoirs, and wetlands 

Coastal salt marshes 

8 U.S. Department of the Interior, "Endangered and Threatened Wildlife and Plants," 41 F.R. 47100-41198. 

Reason for decline 

Egg sheU thinning due to pollutants 
such as DDT 

loss of nesting habitat (sandy beaches) 
due to increased human activity 

Egg shell thinning due to DOT; human 
disturbance 

Oitturbance of nesting birds; illegal 
shooting; lou of nest treet: con· 
taminatlon of food chain by persistent 
pesticides 

Destruction of its natural habitat by 

filling for housing and industrial use, 
marine development, and water pollution 
destroying food species andlor habitat 

N 
I _, 

0 
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Table 2.5. Endangered plant species of Orange and San Diego counties, California 

Plant name• 

Scientific 

Acanthomintha i/icifolia 

Arctostaphylos glandulosa var. 
crassifolia 

Aster chilensis 

Astragalus tener titi 

Berberis nevinii 

Brodiaea filifolia 

Brodiaea orcuttii 

Chorizanthe orcuttiana 

Cordylanthus maritimus ssp. maritimus 

Dicentra ochroleuca 

Dichonda occidentalis 

Dudleya multicaulis 

Dudleya stolonifera 

Eryngium aristulatum var. parishii 

Ferocactus viridescens 

Galium angustifolium ssp. borregoense 

Githopsis filicaulis 
(last reported in 1884) 

Hemizonia conjugans 

Hemizonia floribunda 

Limnathes gracilis var. parishii 

Monardel/a linoides ssp. viminea 

Monardella macrantha var. halli 

No/ina interrata 

Orcuttia californica var. californica 

Poa atropurpurea 

Pogogyne abramsii 

Vernacular 

San Diego thornmint 

Thickleaf manzantia 

Coastal dunes 
rattleweed 

Habitat and geography" 

Clay depressions on mesas and slopes; coastal 
sage scrub, chaparral; SW San Diego County 

Sandy mesas and bluffs; chaparral; coast of 
San Diego County 

Dry banks, grassy fields, etc., sea level to 
5000 ft; many plant communities; mountains 
of San Diego County to Santa Barbara County 

Sandy places near the coast; coastal strand; 
near San Diego 

Nevin's bayberry Sandy and gravelly places below 2000 ft; coastal 
sage scrub, chaparral; San Diego County 

Thread·leaved brodiaea Heavy clay soil below 2000 ft; coastal sage 
scrul::. chaparral; San Diego County 

Orcutt's brodiaea Near streams and around vernal pools and seeps, 
up to 5500 ft; chaparral; Yellow Pine Forest, 
San Diego County 

Orcutt's chorizanthe Sandy places; coastal sage scrub; San Diego County 

Salt marsh bird's beak Coastal salt marsh; Lower California to Oregon 

Yellow dicentra Occasional in dry disturbed places below 

Western dichondra 

3000 ft; chaparral; Santa Ana and .Santa Ynez 
mountains 

Mostly dry sandy banks in brush or under trees; 
coastal sage scrub, chaparral, southern oak woodland; 
coastal San Diego and Orange counties 

Many-stemmed dudley a Dry stony places below 2000 ft; coastal sage 
scrub, chaparral; San Onofre Mountain, Orange 
and San Diego counties 

Laguna Beach dudley a Cliffs in coastal sage scrub; canyons near 
Laguna Beach, Orange County 

San Diego coyote· Vernal pools; chaparral; San Diego region 
thistle 

San Diego barrel cactus Dry hills; coastal sage scrub, valley grassland; 
around San Diego, NW Lower California 

Mission Canyon 
blue·cup 

Otay tarweed 

Tecate tarweed 

Parish slender 
meadow-foam 

Hall's monardella 

San Diego no I ina 

California orcuttia 

San Bernardino 
bluegrass 

San Diego pogogyne 

Creosote bush scrub; Borrego Valley, E. San Diego 
County 

Mission Canyon, San Diego 

Mesas; coastal sage scrub; SW San Diego County 

Dry slopes and valleys below 3500 ft; coastal 
sage scrub, chaparral; S. San Diego County. 
N. Lower California 

Moist lake shores and wet places from 4500 
to 5000 ft; Yellow Pine Forest; Cuyamaca and 
Laguna mountains 

Rocky washes below 1000 ft; coastal sage scrub, 
chaparral; SW San Diego County 

San Gabriel and San Bernardino mountains to 
Cuyamaca and Santa Ana mountains 

Dry slope; chaparral; W. of Dehesa School, 8 miles 
east of El Cajon, San Diego County 

Drying mud flats; valley grassland; San Diego County 

Meadows and grassy slopes from 6000 to 7000 ft; 
Montane Coniferous Forest; San Diego County 

Beds of dried pools; chaparral, coastal sage 
scrub; mesas from San Diego to Miramar 

"Nomenclature, habitat, and geography from P. A. Munz, A Flora of Southern California, University of California Press, 
Berkeley, Calif., 1974; and W. R. Powell, Ed., Inventory of Rare and Endangered Vascular Plants of California, Special 
Publication No.1, Berkeley, Calif., 1974. 

Source: U.S. Department of the Interior. "Endangered and Threatened Species, Plants," 41 F .R. 24542-24572. 

(To convert ft tom, multiply by 0.3048.) 
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and (3) the Annual Report to the California Coastal Commission, August 1976-1977, by the 
Marine Review Committee,28 a special study group established by the California Coastal 
Commission to estimate the consequences of operating SONGS 2 & 3. Because the ETS program 
contains the most recent data, included seasonal fluctuations in species occurrences and 
population densities, and evaluated the effects of SONGS 1 operation on the local marine 
environment, the description of the site aquatic ecology that follows is based on these data 
(obtained from November 1974 through December 1976). SONGS 2 & 3 are adjacent to SONGS 1, on 
the same site. Additionally, the effects of SONGS l operation are now a part of the environ­
ment of SONGS 2 & 3 and should therefore be included in a complete description of the site 
ecology. 

The biotic communities relevant to an adequate description of the site ecology are the plankton, 
nekton, benthic, kelp, and intertidal communities. 

2.5.2. 1 Plankton 

Bimonthly plankton sampling was conducted four times in 1975 and six times in 1976 at seven 
stations along the 10-m (33-ft) contour from 2.4 km (1.5 miles) upcoast to 6.7 km (4.2 miles) 
downcoast of the SONGS 1 intake/ discharge line (Fig. 2.3). 

Phytoplankton 

1975 Data. The 84 phytoplankton taxa recorded in the 1975 surveys are similar to those found 
in previous studies.25 The phytoplankton was dominated numerically by dinoflagellates. _ 
Prorocentrum micans was the most abundant species, constituting 30 to 90% of the samples. 22 
Other abundant organisms included Prorocentrum spp., Ceratium sp. A, and Ceratium sp. B. 
Several species of Peridinium and Dinophysis were also present.. The number of taxa per 
station within each survey was relatively uniform. A complete list of phytoplankton taxa 
recorded during 1975 is given by station and survey in Appendix VIII, Table 2, p. 217 of ref. 
25. 

Chlorophyll a concentrations ranged from 0.24 to 2.32 mg/m3 (0.004 to 0.04 grains/250,000 gal) 
during the four 1975 surveys. 25 Differences in chlorophyll a concentrations between stations 
were not significant. Differences were significant, however, between depths and between 
surveys; chlorophyll a concentrations were significantly greater at the 8-m (26-ft) depth, and 
the mean concentrations of September were significantly greater than those of the other survey 
months - May, July, and November. 

Phaeopigment concentrations ranged from 0.08 to 1.23 mg/m3 (0.076 to 0.174 grains/250;000 gal) 
during the four 1975 surveys.2 5 Station differences were not significant, but differences in 
mean concentrations between surveys and between depths were significant. As with chlorophyll 
a, phaeopigment concentrations were greater at 8 m (26 ft) than at 1 m (3.3 ft), and the 
September survey showed the highest phaeopigment concentrations of all four surveys. 

1976 Data. In 1976, 128 species or higher taxa of phytoplankton were reported from the six 
surveys conducted (Table II-2, pp. 11-13 of ref. 26). These taxa consisted of species when 
identifiable and higher taxa (genera, families, etc.) when ~dentification to the species level 
could not be made. The taxa representing greater than 30% of any given sample by number were 
Nitzschia spp. (March and November), an unidentified pennate diatom (January, March, July, 
September, and November), Gonyaulax spp. (January and March), and Prorocentrum micans (May). 27 

Normal vertical distribution patterns were observed in 1976, as in 1975, with higher concentra­
tions of chlorophyll a and phaeopigments again measured in the lower half of the 10-m (33 ft) 
water column. However, relatively high values of chlorophyll a were found during·the January 
and May surveys in 1976, whereas in 1975, chlorophyll a concentrations were moderate in May 
and high in September. Also in contrast to 1975, there was no consistent vertical separation 
of diatoms from dinoflagellates. 

Slightly higher surface temperatures at plankton stations nearest SONGS 1 during some surveys 
had no apparent effect on the distribution and abundance of phytoplankton; rather, distribution 
and abundance were apparently the result of natural spatial and temporal variation. 27 

Zooplankton 

1975 Data. Zooplankton species encountered in the four 1975 surveys were common to the neritic 
waters of southern California. 22 A master species list of zooplankton found in the surveys is 
presented in Appendix VIII, Table 2, p. VIII-30 of ref. 22. The most common group consisted 
of copepodids of Acartia spp., usually accounting for more than 50% of the total number Qf 

individuals sampled. 22 Other species that commonly occurred in the samples were Paracalanus 
parvus copepodids, Oikopleura spp., Evadne nordmanni, Labidocera trispinosa copepodids, 
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Sagitta euneritica, and Acartia tonsa. Less abundant species were adult Paracalanus parvus, 
cyphonautes larvae, Acart1a claus1, and Clausocalanus spp. copepodids. Other species present 
usually accounted for less than 1% of any sample. 22 

Sampling stations were best differentiated by the distribution of five species: Sagitta 
euneritica, Corycaeus amazonicus, Oithona spp. copepodites, euphausiid larvae, and Podon 
polyphemo1des. A clear separation of the stations, however, was not obtained, which suggests 
that no strong processes in the area acted to partition the environment. 25 

Total abundance per sampling station ranged from 600 to 10,900 per m3 (568 to 10,322 per 
250,000 gal) (Fig. 2.4), and total number of taxa ranged from 36 to 65 during the four surveys 
of 1975.2s The number of taxa at station 4 near the SONGS 1 discharge was significantly 
higher than at all the other stations (Fig. 2.4). 

1976 Data. In 1976, 115 species or higher taxa were reported from the six surveys performed 
(Table II-2, pp. 7-10 of ref. 26). Sixteen taxa were considered predominant because they were 
numerically dominant (number one in rank) during at least one survey, or because they repre­
sented more than 1% of the total number of individuals during the year. 27 These sixteen taxa 
constituted 90% of the total individuals recorded for the year. 27 The seasonal distribution 
of each of these taxa during the 1976 surveys is shown in Fig. 2.5. Significant differences 
were found among stations for all but five of the taxa, and significant differences were found 
between depths for all but six of them. All of these taxa exhibited significant differences 
among surveys. 

Normal vertical distribution patterns were also observed in 1976, as in 1975, with higher 
concentrations of zooplankton observed in the lower half of the 10-m (33-ft) water column. 

Although higher concentrations of zooplankton were measured near SONGS 1 in 1975, no effect of 
SONGS 1 was indicated by the 1976 studies. Even though water temperatures during the 1976 
November survey (when SONGS 1 was off-line) were unusually warm for the season, the distribution 
and abundance of zooplankton, as with the phytoplankton, were apparently the result of natural 
spatial and temporal variation.27 

2.5.2.2 Nekton 

1975 Data 

Quarterly nekton sampling was conducted in 1975 at six stations - three stations in the 
area of the SONGS 1 discharge (zone OA) and three stations about 6706 m (22,000 ft) 
downcoast (zone 6) (Fig. 2.6). The downcoast stations (zone 6) acted as control areas 
not under the influence of the SONGS 1 discharge. 

A total of 3206 individuals representing 49 species or higher taxa were taken during the 
four 1975 surveys. 25 The most abundant fish was the queenfish (Seriphus politus), which 
accounted for nearly twice the number of individuals in the year's catch than the second 
most abundant species. Other abundant fish were the walleye surfperch (H er roso on 
argenteum), white croaker (Genyonemus lineatus), spotfin croaker (Roncador stearns11 , 
jacksmelt (Atherinopsis californiensis), and white surfperch (Phanerodon furcatus). 
Fourteen species were both abundant and common. Five of the 14 species displayed signifi­
cant differences in their distributions between zones; four of these - jacksmelt, white 
seabass (Cynoscion nobilis), white croaker, and queenfish - were significantly more 
abundant in zone OA, and the pile surfperch (Dama1ichthys vacca) was more abundant in 
zone 6. 

The variability observed in abundance between zones was influenced significantly by the 
distribution of four species: white seabass, white croaker, white surfperch, and California 
corbina (Menticirrhus undulatus). The white seabass and white croaker were significantly 
more numerous in zone OA, and the California corbina and white surfperch were significantly 
more numerous in zone 6. 

The number of individuals and number of taxa also varied significantly among surveys. 
However, the degree of similarity of species composition within zones did not differ 
significantly from the degree of similarity between zones. 

1976 Data 

A taxonomic summary of the 1976 nekton sampling data by station and by survey can be 
found in Table III-4, pp. 17-18 of ref. 26. A total of 46 species was reported from 
these surveys. Seven species - queenfish, white croaker, white surfperch, walleye 
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surfperch, black croaker (Chilotrema saturnum), spotfin croaker, and half moon (Medialuna 
californiensis) were captured in both zones.21 As a group, these seven species accounted 
for 81.3% of the total catch for the year. 27 .The first five of these species were 
tested for significant differences between zones and among surveys. Only the queenfish 
and white croaker showed a significant difference between zones, being significantly 
more abundant in zone OA than in zone 6. The remaining three species did not differ 
significantly between zones. 

In contrast, six predominant species in 1975 {bottom nets) contributed 82.3% of the 
individuals collected. 25 Of the predominant species netted in both years, only the 
queenfish and white croaker were significantly more abundant in zone OA than in zone 6 
during both years of the survey. 

The spatial distribution of the queenfish, white croaker, and white surfperch differed 
significantly among the 1976 surveys. Temporally, the queenfish was found to be most 
abundant during the December survey and least abundant during the March survey. The 
white croaker was significantly more abundant during the December and March surveys than 
during the September and June surveys, and the white surfperch was significantly more 
abundant in the December catch than during all of the other 1976 surveys. 

Significant differences were observed in the number of species between zones, with the 
number in zone OA being significantly greater than the number in zone 6. Four species 
best discriminated between zones OA and 6: white seabass, white croaker, yellowfin 
croaker (Umbrina roncador); and white surfperch. 

There was also a significant difference among survey periods, with the number of species 
taken in March being significantly less than the number taken during all of the other 
surveys, which were not significantly different from each other. 

The significant difference found in both number of individuals and number of species 
among surveys in 1976 was also found in.l975 although no obvious trend in species diversity 
was revealed (Fig. 2.7). On the other hand, a high similarity within zones existed 
during 1976; the 1975 data indicated similar but less distinct patterns. 

The data suggest that the areas sampled in the two zones m~ support somewhat different 
nekton communities. Physical differences between the zones which may also affect the 
nekton results include the presence of the intake and discharge structures at SONGS 1 
and riprap material in zone OA, general differences in substrate type and composition 
between the zones, turbidity, and the presence of a dense stand of the phaeophyte Cystoseria 
spp. in the area of the zone OA nekton stations. Temperature data collected during 
bimonthly cruises and nekton surveys revealed no obvious differences between zones, 
which indicates that temperature is not an important factor. 

Fisheries statistics 

Commercial and sport fisheries catch data for 1974 from the California Department of 
Fish and Game statistical blocks in the vicinity of SONGS 1 (Fig. 2.8) revealed that the 
number of fish per block ranged from 16,601 in block 737 to 123,246 in block 756. 27 

With the exception of block 801, all of the blocks examined measured an increase in 
catch per unit effort between 1973 and 1974. However, the magnitude of the increase was 
small in comparison to the decrease shown by all of the blocks over the past 13 years. 

The 1974 commercial catch reported a total of 46 taxa from the five blocks surrounding 
San Onofre. 27 The only taxon comaon to all five blocks was the Pacific bonito (~ 
chiliensis). Each of the five blocks yielded catches at about the expected level, based 
on the s1ze of the blocks and the amount of coastline encompassed. 27 

2.5.2.3 Benthos 

1975 Data 

Three surveys conducted in 1975 at 11 benthic stations (Fig. 2.9) revealed a total of 
160 species or higher taxa of epibenthic macrobiota (Tables X-1 to X-11, pp. X-12 to 
X-43 of ref. 22). The taxa represented members of 11 major taxonomic groups. Within 
zones not associated with kelp beds (zones OA and 6), the flora was dominated by rhodophyte 
taxa throughout the year. Mollusks were the dominant fauna during April and October, 
whereas molluscan and chordate taxa occurred in similar numbers during the July sampling 
period. Rhodophytes were also the dominant floral component and mollusks were the 
dominant faunal component of the kelp bed biota at all kelp bed stations during all 
survey periods. 
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The species whose distribution best discriminated between zones OA and 6 were the anthozoan 
Muricea californica, which occurred mostly in zone 6; the rhodophyte Prionitis spp., 
which was absent from zone 6; the holothuroid Parastichopus carvimenSlS, whlch occurred 
only in zone 6; and the gastropod Astrea undosa, which was o served only in zone OA. 

The trophic composition based on the number of taxa of the two zones not associated with 
kelp beds (zones OA and 6) was similar among these zones and was dominated by suspension 
feeders and by primary producers during all surveys (Table 2.6). 
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Table 2.6. Trophic composition (percent) of benthic taxa at discharge (zone OAI and 
control (zone 6) based on the number of taxa of each trophic type present during 1975 

April10-18 Jul~ 15-18 October 13-17 

Trophic types Zone OA ZoneS ZoneOA ZoneS Zone OA ZoneS 

Primary producers 23 18 35 40 30 29 
Suspension feeders 34 43 35 42 33 37 
Grazers 10 3 12 12 5 
Scavengers 13 13 7 10 12 11 
Predators 20 22 12 7 13 18 

Source: Lockheed Marine Biological Laboratory, San Onofre Nuclear Generating Station Unit 1. 
Annual Analysis Report, Environmental Technical Specifications, January - December 1975, 197S. 

Kelp bed stations were best distinguished by four taxa: the gastropod Gypraea epadiaea, which 
occurred only at San Onofre Kelp Bed; the anthozoan Corynaatis spp., which occurred predomi­
nately at San Mateo and Barn kelp beds; the annelid spioahaetopterus costarum, which did not 
occur at San Onofre Kelp Bed; and the white abalone, HaZiotis sorenseni, which occurred only at 
San Onofre Kelp Bed. Twelve taxa were considered predominant at kelp bed stations: CheZyoeoma 
produatum, Conus aaZiforniaus, CoraZZina/HaZiptyZon, Corynaatis spp., Crustose corallines 
(unident.), Dioptra spp., LeuaiZZa nuttingi, Lyteahinus piatus, MitreZZa aarinata, Muriaea 
aaZiforniaa, Pagurids (unident.), and Rhodymenia spp. 

Trophic composition based on the number of taxa at the kelp bed stations was similar among 
stations and was dominated by suspension feeders (e.g., barnacles, which feed by filtering out 
suspended material) and primary producers (algae) during all surveys {Table 2.7). 

1976 Data 

Table 2.7. ::rrophic composition (percent) of benthic taxa at San Matao (SMK), 
San Onofre {SOKI, and Barn (BKI kelp beds based on the number of taxa 

of each trophic type present during 1975 

April10-18 Jul~ 15-18 October 13-17 

Trophic types SMK SOK BK SMK SOK BK SMK SOK BK 

Primary producers 22 19 24 26 21 25 30 18 26 
·Suspension feeders 49 36 41 38 36 59 43 38 45 
Grazers 2 17 9 8 12 7 10 4 
Scavengers 12 12 9 12 12 9 7 12 10 
Predators 15 17 17 16 18 6 12 22 16 

Source: Lockheed Marine Biological Laboratory, San Onofra Nuclear GenertJting Station 
Unit 1, Annual Analysis Report, Environmental Technical Specifications, JB{Iuary - Dacamber 
1975,1976. 

Diving surveys of the epibenthic macrobiota were conducted quart~rly during 1976 at the same 11 
benthic stations. A total of 159 species or higher taxa, which were members of 11 major taxo­
nomic groups, were identified during the four surveys. 27 A taxonomic summary of these data by 
station and by survey is presented in Tables IV-1 and IV-2, pp. 21-28 of ref. 26. Zones OA and 
6 contained twelve predominant taxa whose combined abundance accounted for 84.3% of the total 
percent cover and 65.1% of the total enumerated individuals.27 Seven of the twelve predominant 
taxa consisted of large taxonomic categories that were not field identifiable to a lower taxon. 
These seven taxa included parvosilvosa, unidentified ectoprocts, unidentified crustose coralline 
algae, and unidentified hydroids, rhodophytes, pelecypod siphons, and pagurids. These large 
taxonomic groups totaled 72% of the total percent cover and 20% of the total enumerated indivi­
duals for the entire year•s data. 27 The magnitude of the abundances of these large taxonomic 
groups may be somewhat misleading, however, because each of these categories can contain members 
of several different species. 27 
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The predominant taxa identified to at least the generic level consisted of Rhodymenia spp., 
Bryopsis hypnoides, Diopatra ornata, Murioea oalifornica, and Patiria miniata. The distribution 
of these taxa among zones and stations is presented in Table V-12, p. 68 of ref. 27. The abund­
ance of all of these taxa differed significantly between zones; Rhodymenia spp. and Patiria 
miniata were significantly more abundant in zone OA, whereas Bryopsis hypnoides, Diopatra ornata, 
and MUrioea californioa were significantly more abundant in zone 6. None of these taxa differed 
significantly among surveys. 

A greater degree of similarity in both species composition and abundance was found within zones 
than between zones. Distribution of the anthozoan Murioa oalifornioa and the rhodophyte Prio­
nitis spp. contributed the greatest to the differences between zones OA and 6 in both years. 
Also in both 1975 and 1976, M. oaZifornioa and the polychaete Diopatra ornata were significantly 
more abundant in zone 6. Species composition of the San Onofre Kelp Station was generally more 
similar to zone OA stations than to the other kelp bed stations; this is much the same as the 
1975 survey data. 

No significant differences existed between zones or kelp bed stations in the distribution of taxa 
among trophic levels during 1975 or 1976. 

Aerial infrared kelp survey 

An aerial infrared kelp survey revealed that both Barn and San Onofre kelp beds showed a slight 
increase in total area during 1975 (Fig. 2.10). All of the kelp beds increased in size between 
February and May 1976 (Fig. 2.10). During the period May to September 1976, Barn and San Onofre 
kelp beds underwent an 80 and 92% decrease respectively. 27 At the time of the November 1976 survey, 
Barn Kelp Bed had increased to 77% of the area it had covered during the May survey, whereas San 
Onofre Kelp Bed again underwent a slight decrease.27 San Mateo Kelp Bed remained essentially the 
same. The same general trends were encountered during mapping of the kelp beds by electronic 
positioning during 1975 and 1976 as part of the construction surveillance program for SONGS 2 & 3. 
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Historical accounts of changes in kelp bed canopy areas throughout southern California have shown 
changes in magnitude e~ual to or much ~reater than those observed during this study, often over a 
short period of time. 2 

2.5.2.4 Intertidal community 

1975 Data 

During four intertidal surveys in 1975, 106 species or higher taxa representing 12 major taxo­
nomic groups were observed at the five intertidal stations (Fig. 2.11). 2 5 These taxa are listed 
in Appendix XII, Tables 1 and 2, p. 246-52 of ref. 25. A comparison of the data collected in 
1975 with historical data indicates that the fauna and flora encountered are typical inhabitants 
of this geographical area. 25 Phaeophytes, rhodophytes, and mollusks consistently exhibited the 
greatest number of taxa throughout the year at all stations. The distribution of five taxa were 
found to contribute significantly to the variability among stations: the rhodophytes CoraZZina/ 
HaLiptyZon~ PteroaZadia/GeZidium~ Laurenaia spp.; the spermatophyte PhyZZospadix spp.; and the 
anthozoan AnthophZeura spp. Seventeen taxa, the majority of which were algae, were both common 
and abundant. The most abundant of these seventeen taxa were CoraZLina/HaLiptyLon~ UZva spp., 
and Zonaria farol:wii. 

Six predominant taxa exhibited distributions that varied significantly among stations, but no 
patterns that interrelated these differences were obvious. These six taxa were the anemone 
AnthopZe~ spp.; the rhodophytes CoraZZina/HaZiptyZon~ Lithot~ aspergiZZum~ PteroaZadia/ 
GeZidium; and the phaeophytes Sargassum spp. and Zonaria farZowii. 

1976 Data 

Quarterly intertidal sampling was also conducted in 1976. A taxonomic summary of these data by 
survey and station is presented in Table VI-1, pp. 35-38 of ref. 26. 

Predominant taxa identified to at least the generic level were Sargassum spp., ~treZZa aarinata, 
Maaron Zividu.s~ AnthopZeura eZegantissima~ CoraZZina/HaZiptyZon~ Zonaria farZowii, and Diatyota/ 
Paahydiatyon. The distribution of the abundance of these organisms for each station and for each 
survey is presented in Table VII-11, p. 104 of ref. 27. No significant differences were found in 
the abundance of Diatyota/Paahydiatyon~ Maaron Zividu.s, and MitreZZa aarinata among stations. 
The distribution of four taxa -CoraZZina/HaZiptyZon, Zonaria farZowii, Sargassum spp., and 
AnthopZeura eZegantissima -displayed statistically significant differences in abundance among 
stations. CoraZZina/HaZiptyZon was most abundant at station 5, Zonaria farZowii at stations 
2 and 4, and Sargassum spp. was at station 3. The greatest number of A. eZegantissima was 
observed at stations 1, 4, and 5. 

The rhodophyte CoraZZina/HaZiptyZon contributed the most to the differences among stations during 
both 1975 and 1976 and was also predominant both years. During both years this taxon was more 
abundant at the station farthest downcoast of the SONGS 1 discharge and least abundant at the 
two stations upcoast of the discharge. Three other predominant taxa, Sargassum spp., Zonaria 
farZowii, and AnthopZeura eZegantissima exhibited statistically significant differences in 
abundance among stations during both 1975 and 1976. Diatyota/Paahydiatyon exhibited no statisti­
cally significant differences in abundance among stations during either year. 

No statistically significant difference in the distribution of taxa among trophic types existed 
among intertidal stations during either year. During both years, the intertidal communities of 
all stations were dominated by primary producers (algae). 

The study area is accessible to considerable human intervention in the form of organism collecting 
in the tide pools, clam digging, surfing, and walking through intertidal cobble beds. Because 
of their accessibility via public roads, the stations nearest and upcoast of the generating station 
receive the heaviest use; the other stations receive less use because they are accessible only 
via hiking trail or the beach. Overall beach use in the study area is indicated by the San Onofre 
Beach State Park (which includes the study area) estimates of park use for 1976, which indicate 
that 378,483 people used the beach in the study area. The study area is also used heavily by 
clam diggers collecting littleneck clams, because this area is probably one of the most extensive 
and productive in the state. The large excavations and overturned cobble that result from clam 
digging may have considerable effect on the intertidal biota by disturbing habitats and inter­
fering with mating activities. 

Aerial infrared survey data on three occasions in 1976 revealed possible shore impingement of the 
0.6°C (1°F) elevated temperature field at the four stations nearest the generating station. The 
zoe (4°F) elevated field appeared to contact the shore immediately upcoast of the generating 
station but did not impinge on any intertidal cobble stations. Shore impingement of the elevated 
temperature field was not indicated in 1975. 
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Based on a comparison of the abundance of predominant taxa among stations and the similarity of 
stations during the study, the intertidal communities under study did not display a great deal of 
temporal variation during either 1975 or 1976. Minimal differences were detected among surveys 
with respect to the abundance of predominant taxa. These differences did not appear related to 
the offline condition of the generating station which occurred during two of four surveys. 

2.6 BACKGROUND RADIOLOGICAL CHARACTERISTICS 

The Environmental Protection Agency29 has reported average background radiation dose equivalents 
for California as 96.6 millirems per person per year. The average background for San Diego is 
104.6 millirems per person per year. (This is higher than the state average because of natural 
radioactivity in granitic rocks in the area .• ) Of the total for California, 42.2 millirems per 
person per year was attributed to cosmic radiation. Of this total external gamma radiation 
(primarily from K-40 and the decay products of the uranium and thorium series) was estimated at 
36.4 millirems per person per year. The remainder of the whole body dose is due to internal 
radiation (mostly H-3, C-14, K-40, Ra-225, and Ra-228 and their decay products), which was esti­
mated to average 18 millirems per person per year. 
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3. THE PLANT 

3. l RESUME 

The domestic water supply and service water system will now be supplied by the Tri-Cities 
Municipal Water District rather than obtained from flash boilers as previously contemplated 
(Sect. 3.2. 1). The major design changes that have environmental effects relate to the heat 
dissipation system. The revised heat dissipation system is described in Sect. 3.2.2. These 
revisions and others result in a change in the chemical effluents and are discussed in Sect. 
3.2.4. 1. Changes in the radioactive waste treatment systems are described in Sect. 3.2.3. 
Significant changes have occurred in the transmission lines; the revised transmission line 
system is described in Sect. 3.2.5. 

3.2 DESIGN AND OTHER SIGNIFICANT CHANGES 

3.2. 1 Plant water use 

Both fresh water and seawater will be used at SONGS 2 & 3. About 0.05 m3/sec (1.65 cfs) of 
fresh water will be supplied by the Tri-Cities Municipal Water District for the domestic water 
supply system and service water system. The major portion of the domestic water requirement 
will be used for landscaping and associated functions. The service water system will provide 
water to miscellaneous systems and equipment throughout the operating areas. A large amount 
of this fresh water will be used at the intake screenwell area for cooling of pump bearings. 

The source of seawater is the Pacific Ocean. Cooling water will be withdrawn from the ocean 
at a rate of 53.5 m3 /sec (1887 cfs). This water will be used for turbine plant cooling, 
component cooling, main condenser cooling, and for the fish handling system. The turbine 
plant and component cooling water systems are closed-cycle systems. Heat is transferred to 
the seawater by heat exchangers. 

Further details of the plant water use are given in Fig. 3. 1. 

3.2.2 Heat dissipation system 

Plant waste heat will be dissipated by means of a separate once-through cooling system for 
each unit. About 53.5 m3/sec (1887 cfs) of seawater per unit is withdrawn from the ocean 
through a velocity-cap-type submerged intake, located about 975 m (3200 ft) from shore. The 
velocity cap is circular with a 15-m (50-ft) diameter. The lower lip of the cap is 2.7 m 
(9 ft) from the ocean bottom, and the interior separation of the upper and lower lip is 2.1 m 
(7ft). The intake velocity will be about 0.5 m/sec (1.7 fps). The total water depth at the 
intake region is 9.1 m (30ft). The intake structure is illustrated in Fig. 3.2. 

Each unit has a Seismic Category 1 auxiliary intake structure to provide emergency core cooling. 
These structures are located approximately 32 m (100 ft) shoreward of the primary intake 
structures. Each structure has a 3.66 m (4-ft) ID vertical riser that extends upward from the 
intake conduit and is equipped with a velocity cap that is similar in design to that of the 
primary system. During normal operating conditions, water is estimated to enter the structure 
at 0.38 m/sec (1.3 fps). Details of these structures are shown in Fig. 3.2. 

After passing through the intake, the cooling water for each unit will travel to the plant via 
a 5.5-m (18-ft) ID pipe that becomes a 4.9-m (16-ft) square box conduit at the shoreline. 
Here, water is delivered to a forebay leading to the intake structure screenwell. The water 
will then pass through a series of baffles as the channel widens to about 12.5 m (41 ft). At 
this point, the channel narrows and the main volume of water turns through an angle of 70°, 
where it passes through six adjacent sets of traveling bars and screens. A small volume of 
water does not turn towards these bars and screens but continues along the narrowing channel 
and enters the fish collection chamber. 

Each screenwell is outfitted with traveling bar racks behind which are 1-cm (3/8-in.) mesh travel­
ing screens. In the forebay behind the traveling screens are four 1/4-capacity vertical, wet pit, 

3-1 

SCE-SER 000349

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 67 of 300
(358 of 2110)



3-2 

UNIT2 
INTAKE LINE 

OM 

TRI -CITY MUNICIPAL 
WATER DISTRICT WATER 

ES-4109 
FR OCEAN NOTE (4 

)~,<>66.000GPD I LANDSCAPING, 777.600 
1,219MGPD 

' 288,400~ 
EVAPORATION 
281,400GPD 

SERVICE WATER DOMESTIC WATER 

-[ SYSTEM COMMON, 
.,. SYSTEM COMMON, 

NOTE (1) NOTE (2) 

INTAKE STRUCTURE 
1371lOOGPD UNIT 3 MISCI SANITARY WASTE 

SUMP USERS AND SEA I 7.000GPO 
SYST£M COMMON, 1-

WATER PUMPS 
277,000GPD NOTE (2) 

277,000GPD 
3!i.OOOGPD 

223,600GPO ~42.,000GPD -, 
STORM DRAINS SEA WATER PUMPS MISC. USERS: 

BEARING FLUSH FIREWATER 
UTIUTY STATIONS 

WATER PUMP SEALS 

242 OOOGPO 

69600GPO UNIT 3 TO UNIT l 
GPO 

I CONDENSER 7,000 

TURBINE PLANT 
22.0MGPO 

MAKEUP DEMNERAL-

I 
COOLING WATER r--- ISER SYSTEM 

12 400GPD 

SYSTEM COMMON, NOTE (I ) 

VENT 
69,600GPD 72,000GPD LOSS l !i,IIOOGPD 

COMPONENT MAKEUP DEMINEfiAL. NUCLEAR SERVICES 3!i,OOOGPD 

24.5MGPD AND RADWASTE .JIL 
~ COOLIMi WATER ISER SYSTEM SUMPS SYSTEMS COMMON, 

SYSTEM COMMON, NOTE (I) NOTE (I) 

l2MGPD VENT 72 OOOGPD 

1,172 MGPD, LOSS WASTE TO 
TRUCK 

FISH HANDLING MAIN CONDENSER I STEAM 
SYSTEM GENERATORS 6,800GPD 

86,400GPD , 
24.!1MGPD SLOWDOWN BUILDING SUMPS 

22.0MGPO 

1.2MGPD 

1.2 
UNIU ~~ 
FISH HANDLING 
SYSTEM 

2.4MGPD 

UNIT 2&3 
FISH HANDLING 
COMMON DISCHARGE 
LINE lO OCEAN 

85800 GPO 

600GPD 
72 OODGPD 
3.30DGPD 
70000GPD 

~,218MGPO 

UNIT 2 
DISCHARGE LINE TO OCEAN 
NOTE{4) 

PROCESSING 

SYSTEM SUMP 

600GPD 

BLOWOOWN 

PROCESSI¥l 
SYSTEM SUMP 

I 

TURBINE PLANT 
CONTROl. NilS AND 
DIESEL GEN. BLDG. 

UNIT 3 3!i,OOOGPD BLDG. SUMP 

OIL REMOVAL' 

3!1JG~ 
SYSTEM COMMON, 

IT~ NOTE II) 

70,000GPO 
TRUCK ................. 

I 

t 
TO UNIT 3 

Notes:(l)Common system. serves Units 2&3 
(2)Common system, serves Units 2&3, AWS bldg 
(3)MGPD, millions of gallons per day 

(4)Unit 3 flows are same as Unit 2 
(5)To convert GPO to 1iters per day, 

multiply by 3.7854 

Fig. 3.1. Plant water use. Source: ER. Fig. 3.3-1. 

SCE-SER 000350

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 68 of 300
(359 of 2110)
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3-3 

ES·4110B 

INTAKE STRUCTURE 

Fig. 3.2. Design details of the velocity-cap intake structure and typical diffuser port. 
Source: ER, Fig. 3.4-2. 
{To convert ft tom, multiply by 0.3048.) 

circulating water pumps. These pumps provide 50.3 m3fsec (1775 cfs) of water to a two-shelled 
condenser. This water experiences an ll.l°C (20°F) temperature rise across the condenser. About 
2.1 m3/sec (75.8 cfs) of water is withdrawn prior to reaching the condenser for use in the turbine 
plant cooling loop and the fish return systems. Details of the intake screenwell structure are 
shown in Fig. 3.3. 

After passing through the condenser, the heated water will pass through the Amertap strainer, 
which collects the Amertap balls used for cleaning the condenser tubes. Subsequently, this heated 
water is supplemented by 1.1 m3/sec {37.9 cfs) of water from the turbine plant cooling system and 
screenwashing. The water then passes into a seal well weir chamber designed to ensure proper 
siphon flow through the condenser. This chamber terminates into· a 4.9-m (16-ft) square box 
conduit to which 1.1 m3/sec (37.9 cfs) of nuclear component cooling water flow is added. At the 
shoreline, this square conduit joins a 5.5-m (18-ft) IO buried pipe that conveys the heated water 
to the diffuser. 

The diffuser for each unit is about 762 m (2500 ft) in length, and each diffuser has 63 ports 
spaced 12m (40ft) apart. Each port extends 1.8 m (6ft) from the bottom and is oriented from 
the horizontal at an angle of 20°. The ports are alternately aligned at angles of ±25° from the 
offshore direction. The port throat diameter will vary from 56 em (22 in.) to 61 em (24 in.), 
and the maximum discharge velocity from any port will be 4 m/sec (13 fps). The Unit 3 diffuser 
begins about 1150 m (3800 ft) from shore, and the Unit 2 diffuser begins about 1950 m (6400 ft) 
from shore. The Unit 2 diffuser is located about 220 m (722 ft) upcoast of the Unit 3 diffuser. 
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To control biofouling, the circulating water system is designed to allow heated water to reach all 
portions of the system. To accomplish this, an intake/discharge crossover gate allows seawater 
to be drawn into the plant through the diffusers and the heated water to be discharged via the 
intake. To achieve the temperature required to control biofouling, each unit has a recirculation 
and crossover gate. This system allows the cooling water requirement to be reduced by recircul­
ating a portion of the heated water through the condenser. The temperature rise will be propor­
tional to the degree of recirculation. During diffuser heat treatment, the circulating water 
follows the normal path but with recirculation. Intake heat treatment is performed by opening the 
intake/discharge crossover gate to reverse the flow direction, as well as to allow recirculation. 
Circulating water flov1 paths for the various plant operations are shown in Fig. 3.4. 

A fish return system minimizes the mortality of fish that have reached the intake screenwell area. 
The louvered bar racks are designed and oriented in such a way that the fish are encouraged to 
follow a narrowing channel terminating at a fish holding chamber. This chamber is equipped with 
a vertical elevator basket that periodically rises slowly from the bottom to capture the fish in 
the chamber. Subsequently, tne fish are flushed from the basket with seawater into a 1.2-m 
(48-in.) diameter pipe, which returns them to the ocean via an offshore submarine outfall. 

3.2.3 Radioactive waste systems 

During the operation of SONGS 2 & 3 radioactive material will be produced by fission and by 
neutron activation of corrosion products in the reactor coolant system. From the radioactive 
material produced, small amounts of gaseous and liquid radioactive wastes will enter the waste 
streams. These streams will be processed and monitored within the station to minimize the 
quantity of radioactive nuclides ultimately released to the atmosphere and to the Pacific 
Ocean. 

The waste handling and treatment systems to be installed at the station are discussed in the 
applicant's Final Safety Analysis Report (FSAR) and in the ER. Information submitted to meet 
the requirements of Appendix I to 10 CFR Part 50 is contained in both the FSAR and ER. In these 
documents, the applicant has presented an analysis of the radioactive waste treatment systems 
and has estimated the annual release of radioactive waste materials in liquid and gaseous 
effluents resulting from normal operation. 

In the following paragraphs, the radioactive waste treatment systems are described, and an 
analysis is given based on the staff's model of the applicant's proposed radioactive waste 
treatment systems. The staff's model has been developed from a review of available data from 
operating nuclear power plants, adjusted to apply over a 30-year operating life. The reactor 
coolant activities and flow rates used in the staff's analyses are based on experience and data 
from operating reactors. As a result, the parameters used in the model and the calculated re­
leases vary somewhat from those used in the applicant's evaluation. 

On April 30, 1975, the NRC announced its decision in the rulemaking proceeding (RM 50-2) con­
cerning numerical guides for design objectives and limiting conditions for operation to meet the 
criterion "as low as is reasonably achievable" for radioactive material in light-water-cooled 
nuclear power reactor effluents. This decision is implemented in the form of Appendix I to 
10 CFR 50.1 To effectively implement the requirements of Appendix I, the NRC staff has reassessed 
the parameters and mathematical models used in calculating releases of radioactive materials in 
liquid and gaseous effluents in order to comply with the Commission's guidance. 

This guidance directed that current operating data, applicable to proposed radwaste treatment and 
effluent control systems for a facility, be considered in the assessment of the input parameters. 
These parameters, models, and their bases are given in NUREG-0017. 2 

By letter of February 25, 1976, the applicant was requested to submit additional information 
concerning the means proposed to keep levels of radioactive materials in effluents from SONGS 
2 & 3 to unrestricted areas "as low as is reasonably achievable," in conformance with the re­
quirements of Appendix I to 10 CFR 50. The applicant was also given the option of providing 
either a detailed cost benefit analysis or demonstrating conformance to the guidelines given in 
the September 4, 1975, Annex to Appendix I. The applicant chose to perform the cost-benefit 
analysis required by Sect. II.D of Appendix I to 10 CFR Part 50. 

The staff performed an independent evaluation of the applicant's proposed methods to meet the 
requirements of Appendix I. The evaluation consisted of (1) a review of the information provided 
by the applicant, (2) a review of the applicant's proposed radwaste treatment and effluent con­
trol systems, (3) the calculation of new source terms based on models and parameters as given in 
NUREG-0017, 2 and (4) a cost-benefit analysis to determine the cost-effectiveness of proposed 
augments to the liquid and gaseous radwaste treatment systems. 
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On the basis of the following evaluation, the staff concludes that the liquid and gaseous 
radio-active waste treatment systems for SONGS 2 & 3 are capable of maintaining releases of 
radioactive materials in liquid and gaseous effluents to "as low as is reasonably achievable" 
levels in accordance with 10 CFR Part 50.34a, and meet the requirements of Sect. II.A, II.B, 
II.C, and Il.D of Appendix I to 10 CFR Part 50. 1 

3.2.3. l Liquid radioactive waste treatment system 

The liquid radioactive waste treatment system, which is shared by Units 2 and 3, will consist 
of equipment and instrumentation necessary to collect, process, monitor, recycle, or dispose 
of potentially radioactive liquid wastes generated during normal operation including anticipated 
operational occurrences. Liquid radioactive waste will be processed on a batch basis to 
permit optimum control of releases. Prior to release, samples will be analyzed to determine 
the types and amounts of radioactivity present; on the basis of the results, the waste will be 
recycled for reuse in the plant, retained for further processing, or discharged under controlled 
conditions to the Pacific Ocean via the circulating water outfall. A radiation monitor will 
automatically terminate liquid waste discharge if radiation measurements exceed a predetermined 
level in the discharge line. A schematic diagram of the liquid radioactive waste treatment 
system is given in Fig. 3.5. 

The liquid radioactive waste treatment system will consist· of the coolant radwaste (boron 
recovery) system, the miscellaneous (aerated) waste system, and the chemical waste system. 
The plant does not have a separate laundry and hot shower system; this function is combined in 
the aerated waste system. 

The coolant radwaste system is shared by Units 2 and 3 and will process shim bleed and equipment 
drain wastes collected inside the reactor containment. The principal system components will 
be a gas stripper, four primary coolant radwaste holdup tanks, two preholdup demineralizers, 
two intermediate holdup tanks, two evaporator feed demineralizers, one evaporator, two polishing 
demineralizers, and two makeup storage tanks. 

The miscellaneous liquid waste system will process non-reactor-grade liquid wastes, including 
floor drains, equipment drains containing non-reactor-grade water, and building sumps. After 
treatment these wastes will be transferred to the waste monitor tanks for reuse in the plant 
or for discharge to the Pacific Ocean via the circulating water outfall. The principal miscella­
neous liquid waste system components will consist of one collection tank, four demineralizers, 
an optional evaporator, and two recycle monitor tanks. The liquid process stream may be 
routed through the optional evaporator if additional treatment is indicated. 

The chemical waste system will process non-reactor-grade liquid wastes with high chemical con­
tent, including demineralizer regenerant solutions and laboratory drains. After treatment, 
these wastes will be transferred to the waste monitor tanks for reuse in the plant or for 
discharge to the Pacific Ocean via the circulating water outfall. The principal chemical 
waste system components will consist of one collection tank, an evaporator, two demineralizers, 
and two recycle monitor tanks. 

The steam generator blowdown will be processed continually through a flash tank, with the 
liquid being cooled in a heat exchanger before passing through a filter and two demineralizers 
in series. The processed liquid is piped to the main condenser. The flashed steam is routed 
to the third point heater. The processed water will be reused in the plant, but may be discharged 
to the circulating water outfall under certain circumstances provided that radioactivity 
concentrations are below predetermined values. 

Coolant radwaste system 

Primary coolant will be withdrawn from the reactor coolant system at about 151 liters/min (40 
gpm) and processed through the chemical and volume control system (CVCS). The letdown stream 
will be cooled, reduced in pressure, filtered, and processed through one of two mixed bed 
demineralizers. At the end of core cycle life this letdown stream will be passed through an 
anion demineralizer to remove boron when the feed and bleed mode of operation is not practicable. 
Radionuclide removal by the CVCS was evaluated by assuming 151-liters/min (40-gpm) letdown 
flow at primary coolant activity (PCA) through one mixed bed demineralizer (Li 3 B03 form), and 
a continuous 30-liters/min (8-gpm) flow through one mixed bed demineralizer (H3 B03 form) for 
lithium control. The CVSC will be used to control the primary coolant boron concentration by 
diverting a side stream of about 3,785 liters/day (1000 gpd) per reactor of the treated letdown 
stream to the shared coolant radwaste system as shim bleed. 

The shim bleed from the letdown stream will be processed through two mixed bed demineralizers 
(Li 3 B03 form) in series, through a gas stripper, and routed to one of four 227,124-liter 
(60,000-gal) radwaste primary holdup tanks. Valve leakoffs and equipment drain wastes in the 
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reactor containment, as well as excess spent fuel pit water, will be processed as above and 
will be transferred to the radwaste primary holdup tanks where it will be combined with the 
shim bleed. These streams will form the inputs to the coolant radwaste system and will be 
processed batchwise·from the four radwaste primary holdup tanks. The combined streams are 
next processed batchwise through two mixed bed demineralizers (H3 B03 form) and routed to one 
of two 454,248-liter (120,000-gal) radwaste secondary holdup tanks. From the radwaste secondary 
holdup tanks, the processed liquid can be recycled to the reactor coolant makeup tank, can be 
discharged to the circulating water outfall if radioactivity concentrations are within estab­
lished limits, or can be processed further through a boric acid evaporator and mixed bed 
deborating and polishing demineralizers. 

In the latter mode of operation, the boric acid recovered in the evaporator bottoms can be re­
cycled. Because the system is capable of continuously operating in the boron recovery mode 
with inputs from both Units 2 and 3, and because the staff's source term calculation assumes a 
failed fuel rate of 0. 12%, the staff's evaluation was made on the basis of the system being 
operated in the boron recycle mode. The staff calculated the collection time in a radwaste 
secondary holdup tank to be about 38 days, based on a combined input flow rate of 9463 liters/day 
(2500 gpd) from Units 2 and 3. Based on an assumption of 80% tank capacity and process flow 
rate of 189 liter/min (50 gpm), the staff calculated the decay time during processing to be 
about 1.3 days. If the radioactivity is below predetermined value, the treated stream may be 
pumped to the waste monitor release tank and discharged. The staff assumed that 10% of the 
treated stream will be discharged to the circulating water outfall and to the Pacific Ocean 
because of anticipated operational occurrences and for tritium inventory control. The decon­
tamination factors listed in Table 3.1 were applied for radionuclide removal in the coolant 
radwaste system. The concentrated bottoms from the evaporator and the spent resins from the 
demineralizers will be transferred to the radioactive solid waste system for disposal by 
burial offsite. 

Miscellaneous liquid waste system 

The miscellaneous liquid waste system of the liquid radioactive waste treatment system is 
designed to collect ana treat non-reactor-grade water for reuse within the plant from auxiliary 
building sumps, the containment sumps, and other miscellaneous sources. These wastes will be 
collected in a shared 22,712-liters (6000-gal) waste holdup tank at an input flow rate of about 
5300 liters/day (1400 gpd) per unit. The staff calculated the collection time to be about 1.7 
days. The wastes will be processed through four series connected mixed bed demineralizers and 
collected in a 94,635-liter (25,000-gal) test tank. The staff calculated the decay time 
during processing to be about 0.03 days. If necessary, the stream can be diverted to the 
evaporator in the chemical waste system for additional treatment. 

The decontamination factors listed in Table 3. l were applied for radionuclide removal in the 
miscellaneous liquid waste system of the liquid waste treatment system. The contents of the 
treated stream will be sampled periodically, recycled for further treatment, recycled for 
in-plant use, or discharged. The staff assumed that 100% of the treated stream will be released 
to the Pacific Ocean. 

Evaporator bottoms and spent resins will be transferred to the radioactive solid waste system 
for disposal by burial offsite. 

Chemical waste system 

The chemical waste system of the liquid radioactive waste treatment system is designed to 
collect and treat non-reactor-grade liquid wastes from laboratory drains and from the regener­
ation of demineralizers. These wastes will be collected in a shared 94,635-liter (25,000-gal) 
chemical waste tank and sampled and analyzed. The wastes will be treated through the chemical 
waste system evaporator and two series connected mixed bed demineralizers prior to entering 
the waste monitor tanks. The staff calculated the collection time to be about 25 days, based 
on an input flow of about 1514 liters/day {400 gpd) per unit, and a decay time during processing 
of about 0. l day. 

Turbine building drain 

The turbine building drains will be released through a radiation monitor to the Pacific Ocean 
via the circulating water outfall without treatment. The monitor will automatically terminate 
liquid discharge if radioactivity exceeds a predetermined level. The staff assumed a release 
of 27,255 liters/day (7200 gpd) per reactor and that the wastes will be discharged without 
processing. 

SCE-SER 000357

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 75 of 300
(366 of 2110)



3-10 

Table 3.1. Principal parameters and conditions used in calculating releases of 
radioactive material in liquid and gaseous effluents from SONGS 2 & 3 

Reactor power level, MWt 
Plant capacity factor 
Failed fuel, percent 
Primary system: 

Mass of coolant, lb 
Letdown rate, gpm 
Shim bleed rate, gpd 
Leakage to secondary system, lb/day 
Leakage to containment building 
Leakage to auxiliary building, lb/day 
Frequency of degassing for cold 

shutdowns, per year 
Secondary system 

Steam flow rate, lb/hr 
Mass of liquid steam generator, lb 
Mass of steam/steam generator, lb 
Secondary coolant mass, lb 
Rate of steam leakage to turbine 

building, lb/hr 
Containment building volume, ft 3 

Annual frequency of containment purges, shutdown 
Containment low volume purge rate (cfm) 
Iodine partition factors, gas/liquid 

Leakage to auxiliary building 
Leakage to turbine building 
Main condenser/air ejector, volatile species 

Liquid radwaste system decontamination factors (OF) 

Coolant radwaste Miscellaneous 
system (CRS) liquid-waste system 

1 X 105 1 X 103 

Cs, Rb 2 X 105 2 X 101 

Others 1 X 106 1 X 103 

3600 
0.80 
0.12" 

5.6 X 105 

40 
1 X 103 

100 
b 
160 
2 

1.5 X 107 

1.7 X 105 

1.2 X 104 

2.2 X 106 

1.7 X 103 

2 X 106 

4 
2000 

0.0075 
1.0 
0.15 

Chemical· 
waste system 

1 X 104 

1 X 105 

1 X 105 

All nuclides 
Iodine 

except iodine 

Radwaste evaporator OF 104 103 

Coolant radwaste system 103 102 

evaporator OF 

Anions Cs, Rb Other nuclides 

Boron recycle feed demineralizer 10 2 10 
OF,H3B03 

Primary coolant letdown demineralizer 10 2 10 
OF, Li3B03 

Evaporator condensate polishing 10 10 10 
demineralizer, H+oH-

Mixed·bed radwaste demineralizer 102 (10) 2(10) 102(10) 
Steam generator blowdown demineralizer 102 (10) 10(10) 102 (10) 
Containment building internal 10 

recirculation system charcoal 
filter OF, iodine removal 

Main condenser air·removal system 10 
charcoal bed OF, iodine removal 

8 This value is constant and corresponds to 0.12% of the operating power fission 
product source term as given in NUREG·0017 (April 1976). 

bone percent per day of the primary coolant noble gas inventory and 0.001% 
per day of the primary coolant iodine inventory. 

(To convert lb to kg, multiply by 0.4536; to convert gals to 
liters, multiply by 3.7854; to convert ft3 to m3, multiply by 0.0283.) 
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Steam generator blowdown 

The steam generator blowdown system for Units 2 and 3 will continuously process steam generator 
blowdown at an average flow rate of 325,545 liters/day (86,000 gpd) per reactor (design flow 
rate is 1136 liters/min (300 gpm)). The blowdown from the two steam generators for each unit 
will be directed to a common flash tank. The liquid will be cooled, filtered, and treated 
through two series connected demineralizers before being returned to the main condenser. The 
flashed steam will be condensed in the main condenser hotwell. The staff did not consider any 
direct releases from this system to the environment. 

Liquid waste summary 

Based on the staff's evaluation of the radioactive liquid waste treatment systems and the 
parameters listed in Table 3. l, the staff calculated the release of radioactive materials in 
liquid waste effluent to be about l. l Ci per year per reactor, excluding tritium and dissolved 
gases. The staff estimates that about 300 Ci per year per reactor of tritium will be released 
to the Pacific Ocean. In comparison, the applicant estimated a release of radioactive material 
in liquid effluent, exclusive of tritium, to be about 0.67 Ci per year per reactor and a 
tritium release of 710 Ci per year per reactor. The differences between the staff's values 
and those of the applicant lie principally in assumptions as to the parameters used for each 
radwaste system component and the distribution of tritium between gaseous and liquid releases. 
The staff's calculations of the radionuclides expected to be released annually from SONGS 2 & 
3 are given in Table 3.2. 

On the basis of the calculated releases of radioactive materials in liquid effluents given in 
Table 3.2, the staff calculated the annual dose or dose commitment to the total body or to any 
organ of an individual in an unrestricted area, as shown in Table 5.3, to be less than 3 
millirem per reactor and 10 millirem per reactor, respectively, in conformance with Sect. II.A 
of Appendix I to 10 CFR Part 50. 

Cost-benefit analysis of liquid radwaste system augments 

The staff evaluated potential liquid radwaste system augments based on a study of the appli­
cant's system designs, the population dose information provided in Table 5.3 of this statement, 
a value of $1000 per total body man-rem and $1000 per man-thyroid-rem for reductions in dose 
by the application of augments, and the methodology presented in Regulatory Guide 1.110. 3 

The principal parameters used in this cost-benefit analysis are: (1) labor cost correction 
factor, FPC Region VIII, 1.2 (Regulatory Guide 1. 1103); (2) indirect cost factor, 1.75 (Regula­
tory Guide 1. 1103); (3) cost of money, 15%; and (4) capital recovery factor, 0.0806 (Regulatory 
Guide 1. 1103). 

The calculated total body and thyroid doses from liquid releases to the projected population 
within a 80 km (50-mile) radius of the station, when multiplied by $1000 per total body man-rem 
and $1000 per man-thyroid-rem, resulted in cost-assessment values of $170 per year per unit 
and $140 per year per unit respectively. Potential radwaste system augments were selected 
from the list given in Regulatory Guide l. 110. 3 The most effective augment was the optional 
use of an existing 0.189 liters/min (50-gpm) evaporator in the miscellaneous liquid waste 
system; however, the calculated total annualized cost of $80,000 for operation and maintenance 
of the augment exceeded the cost-assessment values of $170 per unit for the total body man-rem 
dose and $140 per unit for the man-thyroid-rem dose. The staff concludes, therefore, that 
there are no cost-effective augments to reduce the cumulative population dose at a favorable 
cost-benefit ratio, and that the proposed liquid waste management system meets the requirements 
of Sect. II.D of Appendix I to 10 CFR Part 50. 

3.2.3.2 Gaseous radioactive waste treatment system 

The gaseous radioactive waste treatement and building ventilation exhaust systems will be 
designed to collect, store, process, monitor, recycle, and/or discharge potentially radioactive 
gaseous wastes that will be generated during normal operation including anticipated operational 
occurrences. The system will consist of equipment and instrumentation necessary to reduce 
releases of radioactive gases and particulates to the environment. 

The principal source of radioactive gaseous wastes are the gaseous waste processing system, 
condenser vacuum pump, and ventilation exhausts from the auxiliary, radwaste, fuel handling, 
containment, and turbine buildings. The principal system for treating gaseous wastes stripped 
from the primary coolant will be the gaseous waste processing system (GWPS). The GWPS will be 
a once-through nitrogen system containing a surge tank, two compressors, and six pressurized 
storage tanks. The off-gas from the main condenser air ejector will be processed through HEPA 
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Table 3.2. Calculated relell$8s of 
radioactive materials in liquid effluents 

from SONGS 2 & 3 

Nuclide 
Curies per year 

per unit 

Corrosion and activation products 

Cr-51 5.6(-4) 
Mn·54 9(-5) 
Fe-55 4.9(-4) 
Fe-59 3(-4) 
Co-58 4.8(-3) 
Co-60 6.1(-4) 
Np-239 2.5(-5) 

Fission products 

Br-83 7(-5) 
Ab-86 1.1(-3) 
Ab·BB 1.4(-2) 
Sr-89 1(-4) 
Sr-91 4(-5) 
Y-91m 3(-5) 
Y-91 2(-5) 
Zr·95 2(-5) 
Nb-95 1(-5) 
Mo-~ 1.9(-21 
Tc·99m 1.5(-21 
Ru-103 1(-5) 
Ah·103m 1(-51 
Te-127m 8(-5) 
Te-127 1.1(-4) 
Te·129m 4.1(-4) 
Te-129 2.8(-41 
1·130 1.9(-4) 
Te-131m 4(-41 
Te-131 7(-51 
1-131 8.1(-2) 
Te-132 6.2(-3) 
1-132 7.8(-31 
1·133 5.3(-2) 
1-134 2.3(-4) 
Cs-134 3.5(-1) 
1·135 9.5(-3) 
Cs-136 1.7(-1) 
Cs·137 2.5(-1) 
Ba·137m 1.6(-1) 
Ba-140 6(-5) 
La-140 4(-5) 
Ce-141 2(-5) 
Pr-143 1(-5) 

All others 5(-5) 

Total, except H-3 1.1 

H-3 300 

filters and charcoal absorbers prior to release to the environment. The containment building 
atmosphere will be recirculated· through HEPA filters and charcoal absorbers prior to release 
to the environment. Ventilation exhaust air from the auxiliary building and the fuel handling 
area will not be processed prior to re'lease to the environment. The turbine building ventilation 
exhaust air will be released to the environment without treatment. The gaseous waste and · 
ventilation treatment systems are shown schematically in Fig. 3.6. 

Gaseous waste processing system (GWPS) 

The GWPS will be designed to collect and process gases stripped from the primary coolant in 
the eves, coolant radwaste system, and miscellaneous tank cover gases. The GWPS is shared 
between Units 2 and 3. The GWPS will contain an inventory of nitrogen and hydrogen which will 
act as a carrier gas to transport radioactive gases removed from the primary coolant. Hydrogen 
and nitrogen cover gases from the volume control and reactor coolant drain tanks, and gases 
stripped in the coolant radwaste system degasifier will be collected, compressed, and stored 
in one of six pressurized storage tanks. The storage tanks will collect and store gases to 
allow short-lived radionuclide decay. After holdup, the gases will be discharged to the 
environment. 
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Fig. 3.6. SONGS 2 & 3 radioactive gaseous waste treatment systems. 
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In its evaluation, the staff assumed three tanks for storage, with two tanks held in reserve 
for back-to-back shutdowns, and one tank in the process of filling. Each tank has a volume of 
14.16 m3 (500 ft3 ) and operates at 300 psig. On this basis, the staff calculated a holdup 
time of 90 days prior to discharge of gases to the environment. 

Containment ventilation system 

Radioactive material will be released inside the containment when primary system leakage 
occurs. The staff assumed on the basis of system parameters that the containment will be 
purged continuously during power operations at 56.6 m3 /min (2000 cfm) and in addition will 
have four high volume shutdown purges per year at 1132 m2/min (40,000 cfm). Prior to purging, 
the containment atmosphere will be recirculated through HEPA filters and charcoal absorbers. 
The staff assumed radionuclide removal during the recirculation phase to be based on a flow 
rate of 453m3 /min (16,000 cfm), system operation for 16 hr, a mixing efficiency·of 70%, a 
particulate decontamination factor of 100 for HEPA filters, and an iodine decontamination 
factor of 10 for charcoal absorbers. The purge exhaust gases are released without filtration 
or other treatment. 

Ventilation releases from other buildings 

Radioactive materials will be released into the plant atmosphere due to leakage from equipment 
transporting or handling radioactive materials. Ventilation air from the auxiliary building 
and fuel building is not processed prior to release. The staff estimated that 72.58 kg (160 
lb) of primary coolant per day will leak to the auxiliary building with an iodine partition 
factor of 0.0075. Small quantities of radionuclides will be released to the open turbine 
building, based on an estimated 771 kg/hr (1700 lb/hr) of steam leakage. The open turbine 
building releases will be released directly to the environment. 

' . 
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Main condenser air ejector 

Off-gas from the main condenser air ejectors will contain radioactive gases as a result of 
primary to secondary leakage. In its evaluation, the staff assumed a primary to secondary leak 
rate of 45 kg/day (100 lb/day). Noble gases and iodine will be contained in steam generator leakage and 
released to the environment through the main condenser air ejectors in accordance with the 
partition factors listed in Table 3. 1. The air ejector exhaust will b.e released to the environ-
ment through HEPA filters and charocal absorbers. 

Gaseous waste summary 

Based on the staff's evaluation of the gaseous radioactive waste treatment and building ventila­
tion systems and the parameters listed in Table 3. l, the staff calculated the release of radio­
active materials in gaseous effluents to be about 15,000 Ci per year per unit for noble gases and 
0.44 Ci per year per unit for iodine-131. In comparison, the applicant estimated a release of 
8600 Ci per year per unit for noble gases and 0.096 Ci per year per unit for iodine-131. The 
staff estimated a release of 0.39 Ci per year per unit of particulates and 1100 Ci per year per 
unit of tritium. The applicant estimated a release of 0.2 Ci per year per unit of particulates 
and 710 Ci per year per unit of tritium. 

The staff's calculated annual releases of radioactive materials in gaseous effluents from radio­
nuclides expected to be released annually from SONGS 2 & 3 are given in Table 3.3. Based on the 
calculated releases of radioactive materials in gaseous effluents given in Table 3.3, the staff 
calculated the annual air in an unrestricted area, as shown in Table 5.3. to be less than 
10 millirads per reactor for gamma radiation or 20 millrads per reactor for beta radiation and 
the annual external doses to the total body and skin of an individual in an unrestricted area to 
be less than 5 millirems and lS millirems, respectively, and an organ dose of less than lS milli­
rems per reactor for radioiodine and radioactive particulates in conformance with Sect. II.B and 
II.C of Appendix I to 10 CFR 50. 

Table 3.3. Calculated releases of radioac:tiva materials in gasaous effluents from SONGS 2 & 3 
(Curies per year per unitl 

Nuclide 
Decay Reactor Auxiliary Turbine Air 

Total 
tanks building building building ejector 

Kr·83m a 2 a a a 2 
Kr-85m a 24 2 a 2 28 
Kr·85 430 170 5 a 3 610 
Kr·87 a 5 1 a a 6 
Kr-88 a 30 4 a 3 37 
Kr-89 a a a a a a 
Xe-131m a 90 3 a 2 95 
Xe·133m a 140 5 a 3 150 
Xe-133 a 13,000 410 a 260 14,000 
Xe·135m a a a a a a 
Xe-135 a 120 8 a 5 130 
Xe-137 a a a a a a 
Xe-138 a a a a a a 

Total noble gases 15,000 

1·131 a 0.35 0.08 0.0042 0.005 0.44 
1·133 a 0.27 0.09 0.0033 0.0056 0.37 
Mn·54 4.5(-3)b 2.2{-2) 1.8{-2) c c 4.4(-2) 
Fe-59 1.5(-3) 7.4(-3) 6(-3) c c 1.5(-31 
Co-58 1.5(-2) 7.4(-2) 6(-2) c c 1.5(-2) 
Co-60 7(-3) 3.3(-2) 2.7(-2) c c 6.7(-2) 
Sr-89 3.3(-4) 1.7(-3) 1.3(-3). c c 3.3(-3) 
Sr-90 6(-5) 2.9(-4) 2.4(-4) c c 5.9(-4) 
Cs-134 4.5(-3) 2.2(-2) 1.8(-2) c c 4.4(-2) 
Cs-137 7.5(-3) 3.7(-2) 3(-2) c c 7.4(-2) 

Total particulates 1.2 

H·3 1,100 
C-14 7 1 a a a 8 
Ar-41 a 25 a a a 25 

a Less than 1 Ci/year for noble gases and carbon-14, less than 10-4 Ci/year for iodine. 
bExponential notation: 4.5(-3) = 4.5 X 10-3, 
cLess than 1% of total for this nuclide. 

SCE-SER 000362

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 80 of 300
(371 of 2110)



3-15 

Cost-benefit analysis of gaseous radwaste system augments 

The staff has evaluated potential gaseous radwaste system augments based on a study of the 
applicant's system designs, the population dose information provided in Table 5.3 of this 
statement, a value of $1000 per total body man-rem and $1000 per man-thyroid-rem for reductions 
in dose by the application of augments, and the methodology presented in Regulatory Guide 
1.110. 3 

The calculated total body and thyroid doses from gaseous releases to the population within a 
80 km (50-mile) radius of the station, when multiplied by $1000 per total body man-rem and 
$1000 per man-thyroid-rem, resulted in cost-assessment values of $21,000 per year per unit and 
$46,000 per year per unit respectively. Potential radwaste system augments were selected from 
the list given in Regulatory Guide 1. 110. The most effective augment considered was the 
installation of charcoal adsorbers and HEPA filters on the containment mini-purge ventilation 
exhaust. The addition of this augment would result in a dose reduction of approximately 6.3 
total-body man-rem and 23.8 thyroid man-rem with corresponding cost assessment values of 
$6,300 and $23,800, respectively. The calculated total annualized cost of $26,500 for the 
augment is more than the annual cost assessment values of $6,300 and $23,800 given above. The 
staff concludes, therefore, that there are no cost-effective augments to reduce the cumulative 
population dose at a favorable cost-benefit ratio, and the proposed gaseous waste treatment 
and ventilation systems meet the requirements of Sect II.D of Appendix I to 10 CFR Part 50. 1 

The staff concludes that the gaseous radwaste system for Units 2 and 3 is capable of maintaining 
releases of radioactive materials in gaseous effluents to "as low as is reasonably achievable" 
levels in accordance with 10 CFR Part 50.34a and meets the requirements of Appendix I to 10 
CFR Part 50. The staff, therefore, concludes that the proposed system is acceptable. 

3.2.3.3 Solid wastes 

The solid waste system will be designed to process two general types of solid wastes: "wet" 
solid wastes which require solidification prior to shipment, and "dry" solid wastes which 
require packaging and, in some cases, compaction prior to shipment to a licensed burial facil­
ity. "Wet" solid wastes will consist mainly of spent filter cartridges, demineralizer resins, 
and evaporator bottoms which contain radioactive materials removed from liquid streams during 
processing. "Dry" solid wastes will consist mainly of low-activity ventilation air filters, 
contaminated clothing, paper, and miscellaneous items such as laboratory glassware and tools. 
Spent resins from the demineralizers will be collected in the spent resin storage tank. When 
the resin is to be packaged, it will be sluiced to a disposable liner and dewatered before 
solidification. The resin beads are solidified by filling the void spaces with urea formalde­
hyde and catalyst. A disposable paddle is used to agitate the mixture in the liner during the 
solidification process. Concentrated evaporator wastes will be collected in an evaporator 
bottoms tank, and then pumped batchwise through an inline mixer where they are blended with a 
urea formaldehyde solution. From the inline mixer, the mixture is sprayed into a disposal 
liner while a liquid catalyst is simultaneously sprayed into the liner by a separate nozzle to 
assure intimate mixing of the waste-urea formaldehyde solution and the catalyst. 

On the basis of its evaluation and on recent data from operating plants, the staff has deter­
mined that about 425 m3 (15,000 ft3 ) per unit of "wet" solid wastes, containing about 1060 Ci 
of activity, will be shipped offsite annually. The principal radionuclides in the solid 
wastes will be long-lived fission and corrosion products, mainly Cs-134, Cs-137, Co-58, Co-60 
and Fe-55. The applicant estimated the combined production of solid wastes from Units 2 and 3 
to be 283 m3 /yr -(10,000 ft3 / year) of solidified wastes. The applicant calculated the total 
curie content of these solid wastes to be about 6500 Ci. The waste containers will be stored 
in a shielded area, as required, to reduce contact radiation levels. 

Dry solid wastes will be packaged in cardboard boxes, wooden boxes, and special DOT-approved 
containers. Compressible wastes such as clothing and rags will be compressed prior to packag­
ing. The staff estimates the dry solid wastes to total 283 m3 (10,000 ft3 ) per unit per year 
with a total activity content of less than 5 Ci. The applicant estimates the combined produc­
tion of dry wastes from Units 2 and 3 to be 207 m3 /yr (7300 ft3 /year) with a calculated total 
curie content of about 21 Ci. 

3.2.4 Chemical, sanitary, and other waste effluents 

3.2.4. 1 Chemical effluents 

Several design changes have had significant impacts on chemical discharges. The condenser 
tubes are made of titanium (ER, Table 3.4-1) rather than of a copper-nickel alloy; this should 
eliminate the small amounts of copper and nickel in the discharge as described previously 
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(FES-CP, Sect. 3.5. 1). An Amertap condenser tube cleaning system has been installed (ER; 
Sect. 3.4.4). In this system, sponge rubber balls are injected into the inlet piping of the 
condenser and are forced through the condenser tubes to scrape them clean. The balls are 
collected in the circulating water discharge conduit and are recirculated. This ·change helps 
to control fouling within the circulating water system and should reduce the frequency of 
chlorination necessary to maintain a clean condenser system. A makeup demineralizer system 
will replace the flash evaporators. Chemicals originally indicated as being discharged from 
the flash evaporators (FES-CP, Table 3.9) will not be discharged. A cellulose sealant for the 
circulating water system (FES-CP, Sect. 3.5. 1) will not be used. Steam generator blowdown 
will be treated by filtration and demineralization and will be recycled to the condenser. 
Phosphates will not be added to the blowdown (FES-CP, Sect. 3.5.2), and the discharge of salts 
and heavy metal ions will be eliminated. 

The only significant chemical discharge results from the use of sodium hypochlorite as a 
biocide. The chlorination system is common to both Units 2 and 3. The two units will not be 
treated at the same time. Hypochlorite solution will be injected into the circulating water 
pump discharge headers three times each day. Each injection will last about 15 min but will 
not exceed 90 min per unit per day. The chlorine residual in the circulating water discharge 
line is monitored by amperometric titration, and the addition of hypochlorite is adjusted to 
maintain a 0.5-mg/liter (1.89 grains/gal) maximum concentration of free available chlorine. 
The applicant estimates that this will result in a maximum free available chlorine concentra­
tion of 0.1 mg/liter (0.38 grains/gal) in the immediate vicinity of the discharge. 

Other chemicals may be discharged at certain times. These chemicals generally will be discharged 
at low concentrations and, when mixed with the circulating water flow, represent a negligible 
concentration at the discharge to the ocean. During restarts the discharge of condensate from 
the hotwell may contain concentrations of several milligrams per liter of iron and copper. 
These substances will be reduced to negligible concentrations in the circulating water discharge. 
The discharge from the regeneration of demineralizers will contain sodium and sulfate ions; 
the concentrations at the discharge to the ocean will be less than 10 mg/liter (38 grains/gal) 
- negligible concentrations as compared to the natural concentrations in seawater. Small 
amounts of oil, not to exceed 5 mg/liter (19 grains/gal), will be discharged from the oil 
removal system and diluted to negligible concentration in the circulating water discharge. 
Various closed-loop cooling systems will be treated with potassium chromate to inhibit corrosion. 

Offsite rainfall runoff from the coastal hills and from Interstate Highway 5 (I-5) is collected 
by the storm runoff drainage system for the highway. Part of this drainage is discharged 
directly to the ocean and part is discharged with the onsite plant drainage. Onsite plant 
drainage is collected in catch basins and is discharged with the circulating water discharge. 
Drainage collected in areas in which significant quantities of oil or grease might be present 
are routed through the oil removal system. 

A National Pollutant Discharge Elimination System (NPDES) permit for SONGS 2 & 3 was issued on 
June 14, 1976, by the California Regional Water Quality Control Board, San Diego Region. The 
chemical effluent limitations for the combined discharges (cooling water, low-volume wastes, 
and storm drains) are: (1) the monthly average free available chlorine discharged shall not 
exceed 0.2 mg/liter (0.757 grains/gal), and the daily maximum shall not exceed 0.5 mg/liter 
(1.89 grains/gal); (2) discharge of free available chlorine or total residual chlorine from 
any plant unit for more than 2 hr in any one day or for more than one unit in the plant at any 
one time is prohibited; (3) the pH of the effluent shall be within the range of 6.0 to 9.0; 
and (4) after July 1, 1976, the discharge shall not exceed the limits given in Table 3.4. The 
permit prohibits the discharge of any chemicals or pollutants from the fish handling system. 
The low-volume waste discharge shall not exceed the following limits: (l) a monthly average 
of 30 mg/liter (113.6 grains/gal) and a daily maximum of 100 mg/liter (378.6 grains/gal) for 
total suspended solids and (2) a monthly average of 15 mg/liter (56.78 grains/gal) and a daily 
maximum of 20 mg/liter (75.7 grains/gal) for oil and grease. The discharge from the storm 
drains shall not exceed a monthly average of 10 mg/liter (38 grains/gal) and a daily maximum 
of 15 mg/liter (56.78 grains/gal) for oil and grease. 

3.2.4.2 Sanitary and other waste effluents 

Sanitary wastes from Units 2 and 3 will receive secondary level treatment in the sewage treat­
ment plant located at Unit 1, which will serve all three units. The treated wastes will have 
the following water quality characteristics (average daily concentration): suspended solids, 
30 mg/liter (113.6 grains/gal); biological oxygen demand, 30 mg/liter(413.6 grains/gal); 
coliform, mean probable number of 200 per 100 ml (59 per ounce); pH, 7.0 to 8.5; and total 
residual chlorine, 2.0 mg/liter (7.57 grains/gal) (ER, Table 5.4-1). The treated wastes will 
be discharged into the Unit 1 circulating water discharge at an average rate of about 0.02 m3/min 
(5 gpm). Because the circulating water discharge at Unit 1 is about 1200 m3/min (320,000 gpm), 
the sanitary waste effluents will be reduced to negligible concentrations at the point of 
discharge to the ocean. The sanitary waste effluents for all three units will be within the 
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Table 3.4. NPDES chemical effluent limitations 

Concentration (mg/liter) not to 

Constituent be exceeded more than 

50% of time 10% of time 

Arsenic 0.01 0.02 
Cadmium 0.02 0.03 

Total chromium 0.005 0.01 

Copper 0.2 0.3 

Lead 0.1 0.2 

Mercury 0.001 0.002 

Nickel 0.1 0.2 

Silver 0.02 0.04 

Zinc 0.3 0.5 

Cyanide 0.1 0.2 

Phenolic compounds 0.5 1.0 
Total chlorine residual 1.0 2.0 

Ammonia (as N) 40 60 
Total identifiable chlorinated 0.002 0.004 

hydrocarbons 
Toxicity concentration 1.5. 2.o" 

"Toxicity units. 
Source: ER, Appendix 12C. 

(To convert mg/liter to grains/gal, multiply by 3.785.) 

limitations established for Unit 1 by the California Regional Water Quality Board and the 
Environmental Protection Agency. 

Some gaseous wastes from the operation of diesel generators and the auxiliary boiler will be 
discharged intermittently. Four diesel generators will serve Units 2 and 3, and it is antici­
pated that these will operate for about 2 hr once per month. The estimated hourly full-load 
emission in kilograms (pounds) from each generator is nitrogen oxides, 84 (185); sulfur dioxide, 
11 (25); particulates, 0.9 (2); hydrocarbons, 3.9 (8.5); and carbon monoxide, 9.5 (21) (ER, 
Sect. 3.7.4. 1). A single auxiliary boiler will be used for both Units 2 and 3. This boiler 
will be operated for varying time periods throughout the life of the plant (ER, Sect. 3.7.4.2). 
The maximum annual use is expected to be 1250 hr at full load and 3130 hr at half load. Under 
these conditions, the anticipated annual emissions in tonnes (tons) are nitrogen oxides, 44 
(49); sulfur dioxide, 98 (108); and particulates, 34 (38), 

Trash from screens for the circulating water system for Units 2 and 3 will be taken to the 
Bonsall Sanitary Landfill near the city of Vista, California. This landfill is used for the 
disposal of trash from Unit 1. 

3.2.5 Transmission lines 

Much of the description of the transmission lines presented in Sect. 3.7 of the FES-CP is no 
longer valid. Construction of SCE's transmission line from SONGS to Santiago Substation will 
be completed only up to Santiago Tap, thereby deleting that portion between Santiago Tap and 
Santiago Substation. SOG&E's line from Telega Substation to Escondido Substation has also 
been deleted. SCE will retrofit transmission lines from SONGS to Santiago Tap, Santiago Tap 
to Santiago Substation, and Santiago Tap to Black Star Canyon Tap. SOG&E will add a line from 
SONGS to Mission Substation. SOG&E's lines from SONGS to Telega Substation and SONGS to 
Encina Substation will still be constructed but the staff has received ~dditional information 
with regard to these lines since issuance of the FES-CP. Therefore, these lines will be 
further discussed in Sect. 3.2.5.2. All transmission lines for operation of SONGS Units 2 and 
3 are illustrated in Figs. 3.7 and 3.8. Generally, the lines are coastal, using existing 
rights-of-way traversing northward from SONGS to Talega Substation, Santiago Tap, Santiago 
Substation, and Black Star Canyon Tap, and southeast to Encina and Mission Substations. A 
total of about 159.1 krn (98.9 miles) will be crossed by the transmission lines. No new 
rights-of-way, however, will be required. 

The SCE and SOG&E transmission lines will each be supported by two steel horizontal portal 
structures (Fig. 3.9) for the initial 0.6 krn (0.4 mile) of right-of-way northeast of the SONGS 
switchyard. These structures will replace the steel lattice towers now supporting the exist­
ing circuits in this area. No additional land for tower bases or access roads will be required. 
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Fig. 3.7. Schematic diagram of proposed Southern California Edison Company transmission 
lines for SONGS 2 & 3. 

3.2.5.1 SCE transmission lines 

A double circuit 220-kV transmission line will be constructed between SONGS and Santiago Tap, 
an approximate distance of 24.3 km (15.1 miles) (Fig. 3.7). About 73 steel lattice towers 
{Fig. 3.10) will be required for this line, with an average span of about 335m {1100 ft) 
between towers. The average tower height is estimated to be 39.6 m (130ft). The new tower 
bases will require 2.44 ha (6.03 acres), and access road extensions are expected to require 
1.32 ha (3.25 acres) of land (ER, Suppl. 2, Item 36). Additional transmission lines required 
by SCE that were not discussed in the FES-CP are those from SONGS to Santiago Tap, Santiago 
Tap to Santiago Substation, and Santiago Tap to Black Star Canyon Tap. These lines, totaling 

SCE-SER 000366

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 84 of 300
(375 of 2110)



TALEGA 
:-'1 SUBSTATION 

:> I 

', SAN ONOFRE NUCLEAR 
\ GENERATING STATION 

(SONGS) 

3-19 

./If ·.··:.;::::::::;: ("') ::'.::::•\' ENCINA ·::. I 

MILES 
0 

0 10 
KILOMETERS 

ES-4079R 

- EXISTING TRANSMISSION 
LINES RETROFITTED 
FOR 230 kV 

----NEW CONSTRUCTION OF 
230 kV LINE ON 
EXISTING RIGHT-OF-WAY 

xuxu CONSTRUCTION OF WOODEN 
H-FRAME TOWERS 

NOTE: FOR SIMPLICITY, ONLY 
AFFECTED LINES ARE 
SHOWN. 

NEW STEEL TOWER 

X MIRAMAR 
~-NAVAL X 

'\.:R STATION 

MISSION 
SUBSTATION 

Fig. 3.8. Schematic diagram of proposed San Diego G~s and Electric Company transmission 
lines for SONGS 2 & 3. 

71.7 km (44.2 miles) will be retrofitted to operate at 220 kV. Retrofitting will involve the 
replacement of existing conductors with larger ones {on existing towers) and the construction 
of four additional towers between Santiago Tap and Black Star Canyon Tap. 4 These towers are 
required to provide adequate ground clearance in some spans where the wire tension will have to 
be reduced from its present value (ER, Sect. 3.9.1.1). This additional construction is 
expected to require 0.13 ha (0.33 acres) of land for new tower bases and 0.52 ha (1.3 acres) 
for access road extensions (ER, Suppl. 2, Item 36). 

The material storage yard for SCE transmission lines will be located about 1.6 km (l mile) north 
of the San Onofre Nuclear Generating Station within Camp Pendleton Marine Base. The area 
involved will be about 2.2 ha (5.5 acres) and will not require any clearing or opening of new 
roads (ER, Suppl. 2, Item 30). 
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Fig. 3.9. Four-circuit steel horizontal portal structures used by Southern California Edison 
Company; San Diego Gas and Electric Company will use a similar structure with five circuits. 
Source: ER, Fig. 3.9-2. 
(To convert ft tom, multiply by 0.3048.) 

•3.2.5.2 SDG&E transmission lines 

The only transmission line required by SDG&E that was not discussed in the FES-CP will run between 
SONGS and Mission Substation, a distance of 85 km (53 miles) (Fig. 3.8). This line will be 
installed by adding a 230 kV circuit to the vacant position on existing double circuit towers; 1 

some of the existing towers will be replaced. A total of about 36 wooden H-frame towers (Fig. 3.11) 
will be constructed along a 1.6-km (1-mile.) segment east of Oceanside Airport and a 6.8-km . 
(4.2-mile) segment opposite Miramar Naval Air Station to accommodate FAA regulations. 1 About 9 km 
(5.6 miles) of existing 138 kV wood structures south of the Oceanside Airport will be replaced by 
approximately 32 double circuit steel lattice towers (Fig. 3.12). The construction of the new 
towers for this line will not require any additional land for tower bases or access roads (ER, 
Suppl. 2, Item 36). Subsequent to issuance to the FES~CP, additional information was supplied by 
the applicant regarding the line from SONGS to Encina Substation and SONGS to Talega Substation. 
The line from SONGS to Encina Substation, 40 km (25 miles), will be formed by adding a 230 kV 
circuit to the vacant position on existing double circuit towers.l In addition, approximately 
four wooden H-frame towers (Fig. 3.11) will be constructed along a 1-km (0.6 mile) segment east of 
Oceanside Airport to accommodate FAA regulations. To facilitate arrangement of the new conductors, 
a single steel tower will also be installed east of Encina.Substation. All new structures will be 
constructed within existing rights-of-way and will not require any additional land for tower bases 
or access roads (ER, Suppl. 2, Item 36). The line from SONGS to Talega Substation traverses about 
11.3 km (7 miles) and will require construction of about 32 steel lattice towers (Fig. 3.12). The 
new tower bases will. require about 0.23 ha (0.58 acre), and access road extensions are expected to 
require 0.53 ha (1.3 acres) of land (ER, Suppl. 2, Item 36). Because SDG&E's original plan assumed 
that the Talega Substation would be constructed and in operation prior to completion of SONGS 2 & 
3 (ER, Suppl. 2, Item 25), this facility was discussed in the FES-CP as if it were already in 
existence. Construction, however, was delayed. The proposed Talega Substation is expected to 
cover 2 ha (5 acres) of land; an additional 2 ha (5 acres) around the substation will also require 
grading. 

The material storage yard for SDG&E transmission lines will be located in existing substations 
with the following exceptions: (1) fencing a level area of about 0.09 ha (0.23 acre) adjacent 
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ES-4113 

Fig. 3.10. Typical steel lattice tower design used·by Southern California Edison Company. 
Source: ER, Fig. 3.9-3 .. 

to the existing Pulgas Substation and (2) fencing a level area of about 0.09 ha (0.23 acre) adja­
cent to the Japanese Mesa Substation. No grading, clearing, or additional access roads are 
anticipated for this project (ER, Suppl. 2, Item 30). 
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Fig. 3.11. Wooden H-frame tower used by San Diego Gas and Electric Company. Source: ER, 
Fig. 3.9-9.(To convert ft tom, multiply by 0.3048; to convert in~ to mm, multiply by 25.4.) 

3.2.6 Probable maximum flood berm 

3.2.6.1 Description of structure and existing environment 

Subsequent to issuance of the FES-CP the applicant was required to construct an earthern berm 
to protect the Station form the probable maximum flood (PMF). Construction of this structure 

SCE-SER 000370

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 88 of 300
(379 of 2110)



3-23 

ES-4114 

I 181 (VARIES) 

Gl5 1(VARtEil 

Fig. 3.12. Typical steel lattice tower design used by San Diego Gas and Electric Company. 
Source: ER, Fig. 3.9-B.(To change ft tom, multiply by 0.3048.) 

and associated environmental impacts are presented by the applicant in a letter to the NRcs and in 
the applicant's final safety analysis report (FSAR). 
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The San Onofre site is located on a coastal plain at the base of the western foothills of the 
Santa Margarita Mountain Range. Elevation in this area rises sharply from sea level to a 
fairly level terrace formation 30 to 61 m (100 to 200 feet) above sea level. About 450 m' 
(1500 feet) inland the foothills begin, rising with moderate slopes to an elevation of about 
900 m (3000 ft) above sea level. Natural plant cover in the coastal plain typically consists 
of coastal chaparral and grassland, while in the foothills it is composed primarily of chaparral 
and open woodland. 

There are no perennial streams in the general vicinity of the plant site. However, ephemeral 
streams and water courses do exist. The major streams are San Mateo Creek, located about 
3.2 km (2 miles) to the northwest and San Onofre Creek located approximately 1.6 km (1 mile) 
to the northwest. The drainage divide separating San Mateo and San Onofre Creeks precludes 
the plant site from being influenced by San Mateo Creek. The applicant's results of the 
probable maximum flood (PMF) analysis concluded that the San Onofre Creek Basin exhibits no 
flooding potential to the site (FSAR, Sect. 2.4.2.2). Topographical features of the basin 
would contain the maximum flood stage and thereby preclude flooding of the site by this source. 
The foothill .drainage basin, however, does contribute to the hydrologic factors influencing 
the plant site. The basin totals 2.2 km2 (0.86 mi 2 ). There are no gaging stations located 
within the·basin and, consequently, stream flow records are not available. 

The entire watershed of the foothill drainage basin lies within the boundaries of the Marine 
Corps Base, Camp Pendleton. Elevation of the basin varies between 30 to 365 m (100 to 1200 feet) 
above sea level. Ground slope varies from 8 to 22%. Ground cover is moderate, consisting 
mainly of chaparral and grassland. 

Water control structures at the foot of this basin consist of the 107- and 183-cm (42- and 
72-in.) diameter concrete culverts under I-5. The capacity of these culverts is 5. l and 
14.7 m3 /sec (180 and 520 ft3 /sec), respectively. In addition to the two culverts, an earthern 
channel traverses the basin along the east side of I-5 diverting runoff to San Onofre Creek. 
The capacity of the channel is 52.4 m3/sec (1850 ft3/sec). . 

The applicant's analysis of the flooding potential of the foothill drainage area indicated 
that the plant site could be subjected to flooding during the occurrence of the PMF. In order 
to preclude flooding of the site by this source a diversion structure routes the surface 
runoff from the foothill drainage area to the San Onofre Creek Basin. This PMF structure will 
be an earthern berm, having an isoceles trapezoid cross section that is 2.4 m (8 feet) high 
and 12.8 m (42 feet) wide at its base, with 2:1 side slopes. The berm will parallel I-5 and 
will be 2.7 km (1.68 miles) long. The existing channel which parallels the proposed berm will 
be widened where necessary and will vary from 7.6 to 30.5 m (25 to 100 ft) in width. The berm 
will cover a portion of an existing road, El Camino Real Road, requiring the construction of a 
new road. The relocated road will run approximately parallel to and east of the proposed PMF 
berm. 

Relocation of the road will require about 1.4 ha (3.5 acres) of land, the berm will cover . 
approximately 3.5 ha (8.6 acres), and the channel (assuming a 30 m (96 ft) width) will require 
about 8.3 ha (20.6 acres) for a total land area requirement of 13.2 ha (32.7 acres). The 
existing channel and El Camino Real Road are included in this acreage. 

A terrestrial biological survey of the site was conducted on October 25 and 31, 1977. Vegetation 
on the site is basically a southern coastal sage scrub community, being influenced by the . 
coastal marine climatic conditions. However, nearly half of the site (northern portion) has 
been previously disturbed as evidenced by the presence of many non-native "weedy" species 
including saltbush (Atri lex semibaccata), Russian thistle (Salsola kali), mustard (Brassica 
geniculata) tree tobacco N1cot1ana glauca), and sow thistle (Sonchus oleraceus). Nat1ve 
species on this area include California sagebrush (Artemesia californica), California 
buckwheat (Eriogonum fascilculatum), and coyote brush (Baccharis pilularis). The southern 
half of the site is primarily vegetated with native species of the coastal sage scrub plant 
community including the native species listed above. The land on which the El Camino Real 
Road will be relocated contains many of the same species that occur at the berm site, but with 
a higher degree of cover. 

Fauna surveys of the site and vicinity demonstrated that the majority of the species present 
were birds (24 species). Red-tailed hawks (Buteo jamaicensis) were prevalent in the vicinity 
using wooden posts, telephone and power poles as perches and a SCE lattice transmission tower 
for nesting. Although only 2 species of reptiles and 2 species of mammals were observed, 
others are likely to occur in the vicinity. 

No threatened or endangered flora or fauna were observed on the proposed PMF Berm site, the 
area to be cut, or on the area where the El Camino Real Road is to be relocated.s 

On November 14, 1977, an onsite inspection of the alignments of both the proposed berm and 
access road was conducted· to determine the presence or absence of surficial paleontologic 
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values. 5 Although the survey did not result in locating any fossils, a review of the literature 
revealed that all sedimentary formations in the vicinity contain fossils. No localities in 
the immediate area have been placed on the National Registry of Natural Landmarks. 

The site was surveyed for archaeological resources on December 8, 15, and 16, 1977 (ref. 5). 
The northern third of the berm was not surveyed because it had previously been studied; some 
portions of the berm also were not adequately surveyed because of dense vegetation. 5 In one 
area, eight pieces of marine shell were observed. The shells, however, were weathered and 
worn and gave the appearance of paleontological specimens, rather than archaeological remains. 5 

An archaeological map and literature search revealed four recorded archaeological sites within 
1.6 km (1 mile) of the proposed project, but none were located within the project area. 5 

3.2.6.2 Impacts of PMF berm 

The berm will be built on top of an existing asphalt road. Consequently disruption of this 
area will have no significant biological impact. Widening the existing channel which parallels 
the proposed berm will require loss of about 8.5 ha (21 acres), and an additional 1.4 ha 
(3.5 acres) of habitat will be lost due to relocation of El Camino Real Road. Because these 
habitats do not represent unique communities, loss of this relatively small acreage should 
have no significant impact to biological resources of the area. To minimize the impact to 
raptors nesting in the vicinity the a~plicants will attempt to avoid construction activity 
during the period of March and April. 

The construction of the PMF berm might physically destroy fossils and/or relationships between 
fossils, or the environmental context of original deposition, that could provide significant 
paleontological data. In addition, the berm and new road may cover deposits containing signifi­
cant paleontological data thereby making such data unreachable. To mitigate these potential 
impacts the applicants will conduct a paleontological survey prior to construction and monitor 
the excavation as it proceeds. 5 This will allow fossils to be salvaged as they are unearthed. 
Construction should be phased so that equipment could be shifted to other areas if fossils 
were located. Sufficient time should be allowed to uncover, record, and remove the fossils. 
If excavation were initiated in areas of highest paleontological potential, equipment could be 
moved to areas of low potential if paleontological values were encountered. This would provide 
a maximum amount of construction time and a maximum amount of time for paleontologic resource 
recovery. 

Construction of the proposed PMF berm should not cause any direct or indirect adverse impact 
to known archaeological resources. However, the site would have been a favorable area for 
aboriginal habitation; i.e., an area of relatively flat topography with abundant fresh water 
and food resources. 5 The probability exists that buried resources may be in the area, espe­
cially where dense vegetation obscures the surface. Consequently, a trained archaeologist 
will monitor the construction activity and take appropriate conservation measures if necessary. 5 

No significant commitments of resources will result from construction and maintenance of the 
PMF Berm. The possibility exists that potential archaeological or paleontological resources 
would be destroyed during the excavation activity required for construction of the berm. 
However, if the proper mitigation measures are performed (monitoring, analysing, interpretat­
ing, preserving, and reporting), then these resources would not be irretrievable. 

3.2.6.3 Floodplain management 

The objective of Executive Order 11988, "Floodplain Management," is" ... to avoid to the 
extent possible, the long- and short-term adverse impacts associated with the occupancy and 
modification of floodplains and to avoid direct and indirect support of floodplain development 
whenever there is a practicable alternative." The Construction Permit was issued and the 
majority of construction completed prior to issuance of the Executive Order. Thus we conclude 
that no practicable alternative locations exist. The following is a discussion of floodplain 
conditions prior to construction of the plant and alterations made to these floodplains as a 
result of construction of San Onofre Units 2 and 3. 

The San Onofre Units 2 and 3 are bounded on the east by Interstate Highway 5, the Atchison 
Topeka and Santa Fe Railroad and Highway 101. Interstate Highway 5 was constructed in 1968 
prior to San Onofre Units 2 and 3. As part of the I-5 construction, a drainage channel designed 
for 100-year storm runoff was constructed parallel to and east of I-5. This channel intercepted 
tributary rainfall runoff from the foothills east of I-5 and transported it to the north away 
from the plant. The channel then merged with San Onofre Creek which in turn flowed to the 
Pacific Ocean. 

The plant site which is bounded on the west by the Pacific Ocean was originally on a high 
coastal bench approximately 100 feet above sea level. Located at this elevation, the site was 
protected from severe flooding events and thus was not in the 100-year ocean floodplain. 

SCE-SER 000373

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 91 of 300
(382 of 2110)



3-26 

The existing drainage channel which is west of and parallel to I-5, is being enlarged to 
contain floods and debris. The design capacity of the channel enlargement and extension is 
the Probable Maximum Flood, an event which is greater than the one-percent chance flood. The 
improvement will not induce higher flood stages. 

The San Onofre plant grade is lower than the original coastal bench. However, construction of 
a seawall on the· seaward side of the plant and east of the original bluff line provides protec­
tion from events larger than the one percent chance flood. 

The plant, including the intake structure and seawall, is not built in the 100-year floodplain 
and will not be flooded by any 100-year flood levels. The intake crib and intake and discharge 
conduits are submerged on the ocean floor. The channel improvement east of Interstate Highway 5 
will not increase flood levels. Therefore, the construction and operation of the San Onofre 
Unit 2 and 3 Nuclear Generating Station will comply with the intent of Executive Order 11988. 

3.2.7 Emergency facilities 

Emergency plans for San Onofre Units 2 and 3 call for an onsite Technical Support Center 
adjacent to the control room and an interim onsite Operational Support Center in the lunch 
room of the administration, warehouse, and shop building. Neither requires changes in the 
structural design or layout of the facility, An offsite Emergency Operations Facility is 
tentatively planned to be constructed on Japanese Mesa, east of Interstate 5, within 
the Camp Pendleton Reservation. This area was used for disposal of excavated material 
during construction. The structures must be designed to accommodate a minimum of 
35 people. 
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4. STATUS OF SITE PREPAQATION AND CONSTRUCTION 

4.1 RESUME AND STATUS OF CONSTRUCTION 

As of December 1980, the construction of SONGS Unit 2 was 97% complete, and SONGS Unit 3 
was 68% complete. Figure 4. l is a recent photograph of the site. 

Impacts of construction have been identified in the FES-CP. The major terrestrial impact 
has been the excavation of about 16.4 ha (40.5 acres) of the San Onofre Bluffs, which 
resulted in the loss of a small amount of wildlife habitat. No rare or endangered animal 
species in the vicinity of the site have been or are expected to be adversely affected by 
construction activities. 

The environmental impacts associated with changes in the routing of transmission lines 
subsequent to issuance of the FES-CP have been evaluated by the staff in its environmental 
impact appraisal regarding extension of the earliest and latest construction completion 
dates. 

4.2 Offsite Emergency Operations Facility 

An offsite Emergency Operations Facility is tentatively planned to be constructed 
on Japanese Mesa, east of Interstate 5. within the Camp Pendleton Reservation. 
This area was used for disposal of excavated material during construction. The 
structure must be designed to accommodate a minimum of 35 people. Construction 
of the Emergency Operations Facility on Japanese Mesa will not significantly 
disturb the· area relative to previous disturbances. 
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ORNL-PHOTO 0706-81 

Fig. 4. 1. Photograph of San Onofre Nuclear Generating Station taken in October 1980. 
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5. ENVIRONMENTAL EFFECTS OF STATION OPERATION 

5.1 RESUME 

The major design changes that have environmental effects involve the heat dissipation 
system. A more thorough analysis by the staff of the thermal plume is described in Sect. 
5.3. 1.2. The effects of the revised thermal-plume analysis on aquatic biota are discussed 
in Sect. 5.4.2. 1. Changes in the effects of chemical effluents are discussed in Sects. 
5.3.2 and 5.4.2.2. A revised discussion of radiological impacts is given in Sect. 5.5. 
Sect. 5.6 contains a revised assessment of the socioeconomic impacts. 

5.2 IMPACTS ON LAND USE 

Although the transmission line routes have been modified since the issuance of the construc­
tion permit (Sect. 3.2.5), the analysis of projected impacts as set forth in the FES-CP 
(Sect. 5. 1) remains valid. All new transmission lines will be constructed on existing 
rights-of-way; a total of 5.2 ha (12.8 acres) of land will be required for access road 
extensions and for new tower bases. 

The operation of SONGS 2 & 3 .is not expected to affect any existing or proposed areas of 
the National Park System nor any existing or known potential sites to be listed as national 
landmarks. 1 In 1980, the applicant conducted a National Register assessment program of 
the 230 kV transmission right-of-way from San Onofre Nuclear Station to Black Star Canyon 
and Santiago Substation and to Encina and Mission Valley Substation and evaluated 41 
previously identified archaeological sites. As a result of this effort, the NRC, in consul­
tation with the State Historic Preservation officer, is seeking a determination of eligi­
bility for inclusion in the National Register of Historic Places for 23 sites (see 
Appendix 0, letter from Dr. Knox Mellon, State Historic Preservation officer, to D. C. 
Scaletti, USNRC, dated December 18, 1980). The staff agrees with the conclusions of the 
December 18, 1980, letter and will seek concurrence of determinations of effect from the 
Advisory Council on Historic Preservation. 

5.3 IMPACTS ON WATER USE 

5.3.1 Thermal discharges 

5.3.1.1 Applicant's thermal analysis 

The applicant retained the California Institute of Technology to perform a thermal analysis 
for the purpose of modifying the diffuser design in order to ensure compliance with state 
thermal standards. To accomplish this, a physical hydraulic model study was carried out 
at theW. M. Keck Laboratory of Hydraulics and Water Resources. The culmination of this 
effort was the diffuser design and configuration described in Section 3.2.2. 

The physical model simulation was performed in a basin having horizontal dimensions of ll m 
(36 ft) by 6 m (20 ft) which represents a prototype modeled region of about 8500 m (28,000 ft) 
by 4900 m (16,000 ft). The location and orientation of the Units 2 and 3 model intakes and 
diffusers within the basin are illustrated in Fig. 5. 1. The bottom of the basin was filled 
with sand which was shaped to produce a simplified representation of the San Onofre 
bathymetry. The resulting bottom geometry was uniform in the longshore direction and varied 
as a composite of linear slopes in the offshore direction, as shown in Fig. 5.2. In order 
to satisfy scaling laws, the number of ports per laboratory diffuser was 16. 

To perform simulations, the basin was filled with water at a constant temperature, then 
water at a temperature 16.67°C (30°F) higher was discharged through the diffusers. This 
excess temperature was required to maintain proper similitude and represents a ll.l°C (20°F) 
prototype excess temperature. Water was withdrawn from the basin through the intakes; 
however, this water was not recirculated. The model basin had the capability to simulate 
a variety of longshore current regimes, and among those investigated were no crossflow, 
crossflows of various amplitudes, reversing flows of various amplitudes, and special 
currents. The results of the simulations are summarized in the ER, Table 5. 1-1. Among 
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Fig. 5.1. Layout of basin used for the physical model study. Source: R. C. Y. Koh, 
N. H. Brooks, E. J. List, and E. J. Wolanski, HydrauZi~ ModeZing of ThermaZ OutfaZZ Diffusers 
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California Institute of Technology, Report KH-R-30, January 1974, F1g. 6.1. 
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these simulations, the worst case was that of zero crossflow. A plot of surface isotherms 
produced by the model for this case is given in Fig. 5.3. Further details of the · 
physical-model study can be found in ref. 2. There are, however, certain physical condi­
tions and mechanisms that could not be properly modeled in the laboratory. In an effort 
to account for this limitation on modeling, the modelers associated a probable temperature 
excess with each uncertainty. The total of these individual uncertainties was 0 .. 83°C 
(l.5°F). It was therefore reasoned that state thermal standards should be met if the 
laboratory results satisfied these standards for 1.39°C (2.5°F), with the 0.83°C (l.5°F) 
margin of error, rather than 2.2°C (4.0°F). 

It is evident from Fig. 5.3 that this case satisfies the state thermal standards. The 
applicant suggests that this is the worst case and, therefore, concludes that SONGS 2 and 
3 will, under all conditions, comply with California State thermal standards. 

The staff has reviewed the applicant's thermal analysis and believes that the physical 
model does not adequately represent certain hydrodynamic mechanisms and certain physical 
features of the prototype. The most· significant of these is the duration of the physical 
model simulation. The staff believes that the physical model simulation, which ·yielded 
the result given in Fig. 5.3, has not reached thermal equilibrium. This is apparent in 
the applicant's results for surface excess temperature versus time given in Fig. 5.4. The 
upper curve represents the maximum surface temperature as a function of time anywhere in 
the basin, while the lower curve represents the maximum surface temperature as a function 
of time beyond 305 m (1000 ft) from the discharge point. The time scale for thermal 
equilibrium in the upper curve is a function of the time required for the heated·water 
from the discharge to reach the surface and, therefore, should be relatively short. The 
staff has substantiated this by performing a least-squares curve fit on the data shown in 
the upper curve. The results show that the maximum surface excess temperature anywhere in 
the basin is increasing less than 0.028°C (0.05°F) per day. This is small compared with· 
the standard deviation of the curve fit and, therefore, thermal equilibrium can justi­
fiably be assumed. Beyond 305 m (1000 ft) from the discharge, the thermal equilibrium 
time scale will be a function of the rate of transport of heated water by densimetric 
effects and diffuser momentum away from the discharge point. This time scale should be 
longer than that for thermal equilibrium near the discharge. A similar curve fit 
performed on the lower plot reveals that the excess surface temperature beyond 305 m (1000 
ft) from the discharge is increasing by approximately O.l6°C (0.29°F) per day. The staff 
believes that such a time-.rate-of-change of temperature does not represent thermal 
equilibrium. Using a mathematic model, the staff has qualitatively reproduced the 
applicant•s results. However, this mathematical simulation demonstrates that for increased 
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Fig. 5.2. Bottom profile used for the physical model study. Source: R. C. Y. Koh, 
N. H. Brooks, E. J. List, and E. J. Wolanski, "Hydraulic Modeling of Thermal Outfall 
Diffusers for the San Onofre Nuclear Power Plant," W. M. Keck Laboratory of Hydraulics and 
Water Resources, California Institute of Technology, Report KH-R-30, January 1974, Fig. 
6.2. (To change ft tom, multiply by 0.3048) 

duration of the simulation, there is a substantial increase in the predicted excess 
temperatures. In fact, for the conditions represented in Fig. 5.3, an increase in simula­
tion time would likely have resulted in predicted excess temperatures that violate state 
thermal standards. However, such a prediction is unimportant because the particular 
simulation then represents conditions so unrealistic that the results become irrelevant. 

Although the problem of underprediction is inherent in all the applicant's results, it is 
less significant for the realistic cases. For conditions more realistic than those in 
Fig. 5.3, the predicted excess temperatures are sufficiently low so that no violations of 
thermal standards would be expected as a result of increases of simulation duration in the 
physical model. This expectation is confirmed by the staff's mathematical model study. 

5.3.1.2 Staff's thermal analysis 

The staff has performed an independent thermal analysis for the proposed operation of the 
once-through cooling system. Depth-averaged numerical models from the Unified Transport 
Approach3 were used to simulate plant-induced flows, natural flow, and water temperatures. 
Predictions have been made for conditions typical of mid-July, since this is the time of 
year when thermal impacts should be the most severe. The modeled region is a rectangle 
measuring approximately 24,000 m (80,000 ft) in the longshore direction and approximately 
12,000 m {40,000 ft) in the offshore direction. This region with the numerical grid system 
superimposed is shown in Fig. 5.5. 
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Fig. 5.3 Excess temperature at the surface predicted in the physical model study, 
for the case of no ambient flow. Source: ER Fig. 5. 1-1. (To change ft to m, multiply by 
0.3048; to change F0 to C0

, divide by 1.8.) 

One numerical model was used to generate the induced flow from intakes and discharges from 
all three units. In this model., the intakes are represented as point sinks and the Unit 1 
discharge is represented as a point source. The diffusers for Units 2 and 3 are each 
represented as a superposition of five jets. The hydrodynamics of each jet is modeled using 
a uniformly valid singular-perturbation theory, numerically corrected for bathymetry. The 

·individual flows from the three intakes and discharges were summed to generate a total 
plant-induced flow field, as shown in Fig. 5.6. 

A quasi-potential hydrodynamic model was used to generate the magnitude and direction of 
the natural currents and free surface displacement resulting from two tidal components and 
a net downcoast drift, at each grid element. The open-water boundary conditions were 
adjusted to produce flows which are consistent with observed data4- 7 from current meters 
and drogues. Three individual runs were executed, one for each of the two tidal harmonics 
(a 12.4 hr period and a 24.8 hr period), and a third to generate the drift current. These 
three flow components were combined, with the appropriate phase relationships, to produce 
a simulation of the natural flow field during mid-July conditions. 
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Fig. 5.4. Summary of maximum temperature excesses (in percent of source temperature 
excess) measured anywhere in basin (+), beyond 305m (1000 ft) of diffusers (x), and 
ambient temperature (~) (Run C-11, u = 0.0 knot). 

Water temperatures were computed using a depth-averaged thermal model. Inputs to this model 
were the calculated natural and plant-induced flows, along with meteorological parameters 
used for surface heat transfer calculations. The required meteorological variables are 
incoming solar radiation, cloud cover, air temperature, wind speed, and relative humidity. 
The incoming solar radiation is the mid-day value, which the code automatically adjusts 
for the time of day, from sunrise to sunset. The remaining parameters are taken to vary 
sinusoidally over one day and, therefore, require as input the daily average, the amplitude 
of the daily variation, and the time of maximum value. Typical values for these parameters 
during mid-July were used and are shown plotted as a function of time in Fig. 5.7. 

This thermal model was first run without thermal output or flow from any of the units to 
produce a five-day simulation of ambient ocean temperatures. Subsequently, the calculation 
was repeated, with all three units operating at full capacity, to predict the total 
temperature field. These two results were then subtracted to generate excess temperature 
plots. Figures 5.8 through 5.15 show ambient flow and excess temperature plots at 6 hr 
intervals during the fifth day of the simulation at 2:00 am, 8:00am; 2:00pm, and 8:00pm 
respectively. Isotherms are plotted in increments of 0.28°C (0.5°F) from 0.28°C (0.5°F) to 
2.8°C (5.0°F). In general, the hottest spots occur directly above the discharge for each 
unit, with Unit 1 being consistently hotter than Unit 2 or 3. In addition, during the part 
of the tidal cycle when the natural flow is downcoast, there is a secondary warm spot 
approximately 3000 m (10,000 ft) downcoast of the discharges. This apparently is a result 
of the influence of the shape of the shoreline on the flow which, in turn, causes the plume 
from Units 2 and 3 to intersect the plume from Unit 1 at this point downcoast. 

California thermal standards require that the 2.2°C (4°F) excess temperature isotherm never 
reach the shoreline or bottom, and that the 2.2°C (4°F) surface isotherm must be within 
305 m (1000 ft) of the discharge point during at least one-half of the tidal cycle. Although 
the thermal model is depth averaged, it is still possible to address the state standards 
with the model results because the ambient crossflow has a destabilizing effect upon the 
discharge buoyancy. During portions of the tidal cycle, the ambient crossflow is of 
sufficient magnitude to dominate the stable stratification, resulting in mixing of the 
plume to the ocean bottom in the neighborhood of the diffuser. Recent work by Almquist8 

provides the basis for determination of conditions for vertical mixing. According to 
Almquist, the warm plume will mix to the bottom when the ratio of the ambient crossflow 
velocity to the cube root of the buoyancy flux per unit length of diffuser is greater than 
one. Figure 5. 16 (a) is a plot of this stability parameter versus time for one tidal cycle 
based on the staff's ambient flow predictions. The shaded area shows the period during 
the tidal cycle when instability will occur and the water column will be vertically 
homogeneous. 

SCE-SER 000383

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 101 of 300
(392 of 2110)



0.4 

8.3 
y 

" )( 

I 

5 8.2 

• 
105 

0.1 

o.o 

1 

~ 

V/////// V////// 1/////// V//- v.r-:: 

~ ~ ~ r% ~ 
o.o 0.1 o.a 0.3 

11 21 

I 

[%: ~v 

~ ~~ r/ 'l 
0.4 

)( IlliCit • 10 

~L2 V/-

~ ~ 
0.5 

5 

ES-4595 

31 32 
I 1 ' I 

I 
,31 

' I 

i 
I 

I 

: i 
l ! 

: 

21 

11 

V/~ ~ 

~ ~ ~ ~///~t, 
0.11 0.7 0.8 

Fig. 5.5. Plot of region and grid system used for the mathematical model applications. 

(.,"1 
I 
0\ 

SCE-SER 000384

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 102 of 300
(393 of 2110)



5-7 

ES-4568 

4.5r-----------------~------------------------------------~ 

3 10 20 30 

Ill ............. . 

• 
' \I \i ,,::. 30 

,···.'· .. . . 
, : ~, ...... -mth ..... 

3.0 
~ i . '~1 
I\ iJJ y 

A 
X 2.5 " ~;ill 

_. n';~~ I 
s 
* 2.0 

t04 

20 

1.5 

• 
10 ·- '· 

Fig. 5.6. Predicted, depth-averaged, plant-induced flow field for Units 1, 2, and 3. 

ES-4567 

0: :li 400 1.00 
<>:' (o) _Jffi (b) 

5~ 300 <! >0.75 
U>- zo 
~15 200 

ou 
;::: 0 0.50 

:iii= ~5 
0~ g: .J 0.25 <>o 
Z<t 

<.) 

-a: 0 0 
16 85 

:c t 
0. 12 w 80 

o.§ 0: 

!':o 8 o:=> 75 
;!:W <~ w 

a. 4 w 70 
U> a. 

::. 
w 65 f-

4 8 12 16 20 24 0.8 
TIME (hrl 

w>- 0.6 
~t: 
f-0 

0.4 <>:-
..;::. 
w::> 
o::x: 0.2 

0 
0 4 8 12 16 20 24 

TIME (hr) 

Fig. 5.7. Plots of meteorological variables as a function of time use in the thermal 
model. (To convert mi to km, multiply by 1,6; to convert °F to °C, subtract 32 and divide 
by 1.8.} 

4 

SCE-SER 000385

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 103 of 300
(394 of 2110)



A 

X 

s 

• 

. ·" 
3.5 

II 
I 

::.1! -, 

I 

2.S ~I 
i 

_} ___ _ 

--
- -
- ----

--

--
-----

5-8 

Ill 

---- -- -
..._,,, ..._.._ ..._ 

_,.._.._ -- -
_.._.._.._ -- ----­__ ..__ __ ..__ ------ ---• 1 e -- ---- -- ----- -- -: I , I 

1.5 ;--I 

1.1! 

e.s 

! 

l. i 

l 
I 

-·- -

i!.t 2.5 

---
._ -

--
---.._ -._ 

----__ ..__ __ -....._ __ ..__ ---------
--------------

3.5 .... .. .. 
X MI. 8 lt

4 

-------...._ 

s.e s.s ••• 

Fig. 5.8 Predicted natural flow field in the San Onofre region at 2:00 a.m. on the 
fifth day. (To change ft to m, multiply 0.3048; to change °F to °C, subtract 32 and divide 
by 1.8.) 

Figure 5.16 (b) is ·a plot of the maximum excess temperature in the vicinity of the 
diffuser as a function of time for one tidal cycle. The shaded portion of this curve 
represents the period during the tidal cycle when the excess temperature is greater than 
or equal to 2.2°C (4.0°F) and the plume is vertically well mixed. In other words, the 
shaded area in this figure reflects the portion of the tidal cycle that will violate state 
thermal standards as applied to excess bottom temperature. It is clear from this figure 
that bottom excess temperatures greater than 2.2°C (4.0°F) are predicted to occur. for two 
hours during the tidal cycle. Because, however, this prediction,-based on a low ambient 
drift current, is conservative, excessive incremental bottom temperatures should not occur 
during each tidal cycle but rather during periods of worst case conditions. 

Wi~h an assumed persistent drift, the data shown in Figs. 5.8 through 5.15 indicate that the 
constraints on the surface and shoreline excess temperature will be satisfied. The model 
is inadequate for addressing the issue of bottom temperature. However, at worst, the 
2.2°C (4°F) excess temperature should only touch the bottom over a very limited area in 
the vicinity of the Unit 2 and 3 diffusers. On the basis of these results, the staff 
believes that violations of the state thermal standards are unlikely. 

Heat treatment 

Heat treatment will be necessary to control biological growth in the discharge conduits, 
intake conduits, and screenwells. Heat treatment consists of decreasing the flow rate 
through the heat-dissipation system while maintaining a constant waste-heat rejection rate. 
The result is an increased temperature rise across the condensers. 

18 

a.s 

SCE-SER 000386

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 104 of 300
(395 of 2110)



Fig. 5.9. Predicted excess temperatures in the San Onofre region at 2:00a.m. on the 
fifth day. Isotherms are plotted in increments of 0.28°C (0.5°F) beginning with the 0.2°C 
,(0.5°F) isotherm. (To change F0 to C0 , divide by 1.8.) 

Discharge.heat treatment will be required only when none of the following conditions are 
met: 

1. discharge temperatures exceed 26.7°C (80°F) for a minimum of 1000 hrs, 

2. discharge temperatures exceed 29.4°C (85°F) for 150 hrs, or 

3. discharge temperatures exceed 32.2°C (90°F) for 31 hrs. 

On the basis of these conditions it is expected that discharge heat treatment will be 
required only infrequently and usually during the winter. When discharge heat treatment 
is required, it will be performed at a discharge temperature of 40.6°C (105°F) for a dura­
tion of l. 1 hrs for Unit 2 and 0.9 hrs for Unit 3. During discharge heat treatment, 
discharge flow rates will be reduced and discharge temperatures wi 11 ,be increased. The 
discharge excess temperature will be the difference between the ambient water temperature 
and 40.6°C (l05°F.) The reduction in the discharge flow rate will be proportional to the 
increase in the discharge excess temperature. 

Although the exact nature of the thermal plume resulting from discharge heat treatment will 
be dependent upon the ambient conditions at the time of heat treatment, the thermal plume 
will be qualitatively similar to the plume resulting from normal operation as shown in 
Figs. 5.9, 5. 11, 5. 13, and 5. 15. However, the flow is reduced and the temperature 
increased, so that the plume will be somewhat warmer and smaller in spatial extent than 
that from normal operation. The greatest plume temperatures will occur if Units 2 and 3 
are heat treated simultaneously. A warmer plume will persist the longest when the heat 
treatment for these units are sequenced. 
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During the summer months, discharge heat treatment should increase far-field plume tempera­
tures by no more than 25% if both units are heat treated simultaneously (an unlikely event 
due to the increased probability of a reactor scram) and by no more than 15% if the units 
are heat treated sequentially. Plume temperatures at this extreme would persist for several 
hours, and plume temperatures would return to normal within several tidal cycles. 

During the winter, the thermal plume should exhibit temperature distributions no greater 
that those predicted during the summer {Figs. 5.9, 5. 11, 5. 13, and 5: 15). Excess tempera­
tures during winter heat treatment will be greater than during the summer since a greater 
condenser temperature rise will be required to meet the design discharge temperature of 
40.6°C (105°F). For an ambient water temperature of l0°C (50°F) (typical of winter) excess 
temperature at the San Onofre kelp bed would be approximately 4°C (7.2°F) if the Units 2 
and 3 discharges are heat treated simultaneously and 2 to 3°C (3.6 to 4.8°F) if the 
discharges are heat treated sequentially. 

Intake conduit and screenwell heat treatment will be performed by reducing the flow rate 
through the heat-dissipation system, thereby increasing the temperature rise across the 
condensers, and by reversing the flow direction so that ambient water is withdrawn through 
the diffuser and heated water is discharged from the velocity cap intake. The duration of 
this heat treatment will be 2. l hr at an anticipated maximum temperature of 37.8°C (100°F). 
The plume produced by discharge through the velocity caps will resemble the thermal plume 
from Unit 1. Since this discharge does not induce the dilution produced by diffusers, the 
heat-treatment plume will be considerably hotter, though much smaller, than the plume 
resulting from normal plant operation. Plume temperatures will decrease approximately as 
the square of the distance from the intakes. Heat treatment on either the Unit 2 or the 
Unit 3 intake will have an indirect impact on the thermal pluine of the unit operating 
normally. If, for example, the Unit 2 intake is heat treated while Unit 3 is operating 
normally, the Unit 2 heat treatment plume could be advected during certain ti~es in the 
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Fig. 5. 11. Predicted excess temperatures in the San Onofre region at 8:00 a.m. 
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tidal cycle towards the Unit 3 intake. As a result, water at temperaures above the ambient 
could be drawn into the Unit 3 intake, resulting in a temperature rise in the Unit 3 
discharge plume. Similarly, Unit 3 intake heat treatment could affect the plume from Unit 2. 
This recirculation phenomenon will be offset by virtue of the fact that only one unit will 
be discharging through the diffuser. Therefore, far-field diffuser plume temperatures will 
likely be less during intake heat treatment than during normal plant operations. 

Both discharge and intake heat treatment will produce plumes showing temperatures greater 
.than plume temperatures expected during normal operations. These increased temperatures 
will be greatest near the point of discharge, and will be of short duration returning to 
normal within several tidal cycles after completion of heat treatment. 

Should it be determined that heat treatment results in significant excess temperatures at 
biologically sensitive areas, impacts could be mitigated by scheduling heat treatments 
during phases of the tidal cycle (such as periods when the tidal flow will transport the 
thermal plume away from areas of concern) that will minimize excess temperatures occurring 
in such areas. 

5.3.2 Chemical discharges 

The assessment of the effect of chemical discharges on water use contained in the FES-CP 
(5.2) is still, for the most part, valid. The discussion of the impacts of copper and 
nickel discharges has been altered by the change to titanium condenser tubes (3.2.4. 1), 
and these discharges should not affect water use since the tubes no longer contain copper 
or nickel. 
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Fig. 5. 12. Predicted natural flow field in the San Onofre region at 2:00 p.m. on the 
fifth day. 

A National Pollutant Discharge Elimination System Permit for SONGS 2 & 3 was issued on 
June 4, 1976, by the California Regional Water Quality Control Board; San Diego Region. 
The chemical effluent limitations imposed by this per111it are given in Sect. 3.2.4.1. 

5.4 ENVIRONMENTAl IMPACTS 

5.4. 1 Terrestrial environment 

Generally, operation of SONGS 2 and 3 and associated transmission lines should have no 
significant impact on the terrestrial ecological characteristics of the area. Although 
the transmission line routes have been modified since the issuance of the construction 
permit (3.2.5), the analysis of projected impacts as set forth in the FES-CP (5.3. 1) remains 
·the same. All new transmission lines will be constructed on exfsting rights-of-way; a 
total of 5.2 ha (12.8 acres) of land will be required for access road extensions and for 
new tower bases. The fire break which was bulldozed adjacent to the transmission line on 
Camp Pendleton Marine Base is expected to be maintained by periodic blading. Impacts 
associated with this operation should be minimal. 

Other potential terrestrial impacts associated with operation of SONGS 2 and 3 which were 
not addressed in FES-CP are as follows. Some audible noise will be generated from the 
operation of the transmission lines. Noise levels, however, will be well within the urban 
evening levels accepted by the public (ER, Section 5.5. 1). The transmission lines will be 
designed to minimize any affects on radio and television reception (ER, Section 5.5. 1). 
Maintenance of the transmission lines (washing and repair work) requires that the access 

••• 
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Fig. 5.13 Predicted excess temperatures in the San Onofre region at 2:00 p.m. on the 
fifth day. Isotherm~ are plotted in increments of 0.5°F beginning with the 0.5°F isotherm. 
(To change F0 to co, divide by 1.8.} 

roads be kept in good condition by blading (ER, Suppl. l, Item 21); associated impacts should 
be minimal. Maximum ground-level field gradients for all transmission lines will not exceed 
7.5 kV/m (ER, Suppl. 1, Item 20). Generally, no harmful effects occur from the electrical 
fields associated with lines operating at 230 kV and below. 9 

5.4.2 Impacts on the aquatic environment 

5.4.2. l Effects of the heat dissipation system 

A description of -the heat dissipation system to be employed at SONGS 2 and 3 is found in 
Sect. 3.3 of the FES-CP. Design changes that have occurred since then are discussed in 
3.2.2 of this statement. The only changes of potential significance for the assessment of 
biological effects involve the final specifications for the fish return system, the biocide 
use program, and the.composition of the condenser tubing. Assessments of most major 
potential impacts also have been reevaluated in light of additional data obtained during 
technical specifications monitoring programs for SONGS 1 and from construction and preoper­
ation monitoring programs for SONGS 2 and 3 (Section 2.5.2). Except as noted, the 
reassessments have resulted in the same conclusions that were reached in the FES-CP. 

t.S 

SCE-SER 000391

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 109 of 300
(400 of 2110)



y 

A 

)( 

s 

4.5 

.... r i 
I 

I 
J.S L 

l I 

! I 
3.11 

a.s 

5-14 

ES-4549 ----------------------------
3 111 

~~ 

I 
I 
130 

I 
! 

• a.e , 

•• 4 

•. s 
l.S ••• a.s 3.0 .. .. 4.5 .... s.s ••• ••• 

)( 111118 ••• 
4 

Fig. 5.14. Predicted natural flow field in the San Onofre region at 8:00pm on the fifth 
day. 

Thennal effects 

The discharges from SONGS 2 & 3 must conform to regulations of the California State Water Resources 
Control Board, the Environmental Protection Agency (with reQard to thennal discharges), and the 
California Regional Water Quality Board, San Diego Region, (under the auspices of the EPA) with 
regard to NPDES pennit considerations (primarily chemical effluent limitations). The regulatory 
restrictions on thermal discharges are found in Sect. 5.1.1 of the ER; the NPDES permit, as 
amended, is found in Appendix l2C of the ER. 

The results of thermal models used to evaluate temperature increases attributable to SONGS 2 & 3 
(and incremental to SONGS 1) are discussed in Sect. 5.3.1. These data indicate that the thermal 
plume characteristics will be different from those estimated in the FES-CP and in the ER. Since 
the area to be affected by thermal discharges is now estimated to be greater than previously 
thought and since areas of substantial biological importance potentially will be affected (e.g., 
kelp beds), a reassessment is necessary. 

Plankton. More planktonic organisms will be affected by thermal discharges than estimated in the 
FES-CP because the plume will cover greater area. The types of impact will, however, be the same 
(e.g., species compositon changes, greater respiration rates), and significant changes should be 
localized. The staff believes that changes which are produced in plankton communities will not 
threaten the ecological integrity of the near-shore region surrounding the facility (see pp. 5-26 
to 5-32 of the FES-CP for a description of the anticipated effects). 
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Fig. 5.15. Predicted excess temperatures in the San Onofre region at 8:00 p.m. on the 
fifth day. Isotherms are plotted in increments of 0.5°F beginning with the 0.5°F isotherm. 
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Fig. 5.16. (a) Plot of stability parameter versus time. The shaded area represents 
periods of vertical mixing. (b) Plot of maximum excess temperature versus time. The 
shaded area represents the period during which excess bottom temperatures are predicted 
to be greater than 4°F. (To change fO to co, divide by 1.8.) 
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Fish. The types of impact on fish to be expected as the result of thermal discharges are the 
same as those discussed in the FES-CP. However, with more area to be influenced by the 
effluent, more fish potentially will be affected. The most observable change is likely to be 
shifts in the types of species (and their numbers) which inhabit the area; e.g., species which 
normally exhibit increased standing crops during naturally warm years will be more prevalent. 
Although the area of potential impact will be greater than estimated before, no fish popula­
tions are expected to be adversely impacted in the vicinity of the facility. Species compo­
sition changes, however, may affect commercial and recreational fishing within the thermal 
plume (in some cases adversely, and in others, beneficially; see FES-CP for details). 
However, because the plume will occupy a relatively small area of the available fishing 
space nearby, no significant changes in harvest rates for the various species are expected. 

As stated in the FES-CP, cold kills of fish are not likely to occur to any large degree. 
The principal reasons are the relatively high ambient winter temperatures and the fact that 
all three units are not likely to be inoperative at any given time. 

Benthic fauna. The major component of the ecosystem expected to receive the greatest impact 
from thermal discharges is the benthic community. Unlike free-swimming organisms, benthic 
individuals cannot easily avoid undesirable temperatures. And unlike planktonic organisms, 
they do not regenerate quickly to compensate for losses or experience continual, rapid 
recruitment from surrounding waters. Two major categories of the benthic community exist: 
animals, such as starfish and molluscs, and attached algae, the most conspicuous of which 
is kelp (discussed in the following section). 

Among the benthic fauna recorded in the vicinity of SONGS during surveys conducted in 1977 
in compliance with Environmental Technical Specifications criteria for SONGS Unit 1 were 
the gastropod molluscs Astraea undosa, Kelletia kelletii, and Roperia poulsoni, the asteroid 
echinoderm Pisaster giganteus, and the ech1no1d ech1noderm Strongylocentrotus franciscanus. 10 

Although there have been only a limited number·of detailed studies concerning the effects of 
temperature on marine species inhabiting the Pacific Coast, some recent laboratory simulation 
experiments of 12 to 14 weeks duration have examined the effects of thermal effluent on the 
survival, growth, and state of health of seven motile invertebrates from shallow rocky habi­
tats along the southern California coast. 11 The treatment conditions simulated temperatures 
measured at distances of 84 and 335 m (276 and 1098 ft) from the cooling-water discharge 
structure of the Redondo Generating Station, located approximately 100 km (62 miles) 
upcoast of SONGS. Several of the species displayed low survival and impaired growth, 
especially among large. adults, in response to the simulated thermal plume conditions at 84 m. 
Weekly mortality data for S. franciscanus, P. ochraceus, and R. poulsoni showed that indivi­
duals of all three species began to d1e when the temperature fluctuated over a range of 19° to 
23°C (66° to 73°F), with a mean for the week of 21.4°C (70.5°F). No deaths had occurred the 
previous week when the same temperature range prevailed and the mean was slightly higher 
22.8°C (73°F). The mortality observed during the second of these two weeks may, however, 
actually have been a delayed response to the higher average temperature of the previous 
week. 

In the test involving R. poulsoni under a different thermal regime, deaths began occurring 
when the temperature flunctuated between 18° and 24°C (64° and 75°F) during the week, with a 
mean of 20.3°C (68.5°F). Although mortality began to appear at a lower mean temperature 
than in the previous experiment with this or~anism, the maximum temperature in this second 
experiment was l°C (1.8°F) higher (24° vs 23 C) (75°F vs 73°F) and the temperature range was 
2°C (3.6°F) wider (6° vs 4°C) (4.28° VS 39.2°F) than in the previpus experiment. These 
results demonstrate the complicated nature of temperature effects; that is, adverse conditions 
can result from a critical high temperature of short duration, an extreme temperature fluctua­
tion of short duration, or a prolonged period of a high but normally subcritical temperature. 

The ambient depth-averaged temperatures predicted for the hottest time of the year (end of 
July) in the vicinity of SONGS are shown in 5.3. 1. This section also contains data on the 
temperature expected during the operation of all three units. Temperatures potentially as 
high as 27.8°C (82°F) may occur naturally, and increases of 0.5° to 1.7°C (0.90° to 3.1°F) 
brought about by the operation of all three units can occur within an area of several square 
kilometers. 

On the basis of the 1976 study, 11 the staff concludes that several components of the benthic 
fauna in the vicinity of SONGS would probably be adversely affected in areas where weekly 
mean temperatures of 22°C (71.6°F) prevail for one month or more or where daily temperatures 
reach or exceed 24°C (75°F). It is not, however, anticipated that temperatures averaging 
22°C will occur for more than 2 to 3 weeks or that the area experiencing temperatures of 
24°C or greater as a result of SONGS operation will be considerably larger than the area 
experiencing these temperatures under natural conditions. 

The staff concludes that any impacts to the benthic fauna as a result of thermal discharges 
will be minimal and of an acceptable nature. 
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Kelp. Kelp beds off California occupy roughly 194 sq km (75 sq mi) of ocean bottom in 
water depths of 6-18 m (20-60 ft). 12 Although management efforts have possibly halted 
further severe decline, kelp bed coverage has decreased markedly since about 1920. Although 
this deterioration may have been partially a result of overharvesting, much of it is probably 
caused by the increased alteration of the near-shore environment by human activities. In 
particular, increased temperatures and increased turbidity have been shown to be inimical 
to kelp surviva1.1a 

Even without the influence of human perterbations, individual kelp beds experience long-term 
variations in stand density, productivity, areal extent, etc. Natural factors implicated 
in causing these variations include storm damage (causing detachment of plants), sand move­
ment (burying holdfasts and causing detachment or prohibiting regeneration), introduction 
of turbid water masses, high natural temperatures, influx of grazing urchin masses, and 
fungal and bacterial diseases. 12 Thus, for example, in 1957-59, unusually warm temperatures 
off southern California caused an estimated loss of 90% of the regions' beds during this 
period (ER, pp. 2.2-28 and 2.2-29), as judged by surface examinations. Individual beds 
also commonly display changes in canopy extent during the year. For example, the three 
beds near the SONGS site showed marked variation in canopy area during 1975 and 1976 
(Fig. 2. 10). Typically, canopy tissue deteriorates during the warmest time of the year, 
leaving the basal portion of the plant (which is in cooler water) for regeneration when 
temperature and light conditions permit. 13 Reduced surface nutrients and higher bottom 
nutrient mixtures may also contribute to canopy deterioration and basal tissue regeneration 
respectively. 14 

Kelp beds represent a very important ecological community in California's near-shore waters. 
It has been estimated that kelp beds are at least three times more productive than the 
autotrophic components of other near-shore communities. Conservative estimates place the 
total standing crop of kelp in southern California at 1.8 x 10s kg (2 million tons) and 
new annual growth potential is on the order of 2-3 times this amount. 13 Kelp beds harbor 
numerous types of animals and plants, adding greatly to the diversity of an area. Inverte­
brates commonly found on the plants themselves include ostracods, copepods, amphipods, 
decapods, polychaetes, nematods, bryozoans, turbellaria and molluscs. Molluscs and echino­
derms are kelp grazers prevalent on and around the plants. It is estimated that the larval, 
juvenile, and adult stages of 25 main sport fish use kelp beds for refuge and food gathering 
(eating the associated invertebrates, the kelp itself, or other al~ae), and the average 
standing crop of fish is estimated to be 300 kg/ha (300 lbs/acre). 3 Kelp not only enter 
the food chain via grazers, but they contribute large quantities of organic matter to the 
detritus-based food chains. For example, since several detritus feeders are intermediate 
in the grazing food chain of many of California's commercial fishes, kelp indirectly influ­
ences the populations of these fishes through the production of detritus. 13 

Kelp is an important commercial commodity as well. Although used extensively in the past 
for such diverse things as fertilizer, cattle feed, and for the production of potassium, 
acetone, and iodine, most kelp today is processed for the production of algin, a poly­
saccharide. with numerous industrial uses. 12 It is estimated that roughly 15% of the annual 
kelp production is harvested yearly at a landed value (1964 dollars) of $2 million (market 
value is roughly 4 times this figure). 13 The kelp beds in the vicinity of SONGS are not 
now harvested. 

Besides the necessity for a favorable physicochemical environment, kelp requires a solid 
substrate for attachment. Thus, the local distribution of kelp beds in an unperturbed area 
is largely substrate-dependent. Near the SONGS site, sandy bottoms are prevalent limiting 
the areas where beds can develop. Natural environmental fluctuations (e.g., higher-than­
average temperatures) can virtually denude an area, but, since the casual phenomena are 
short-lived, kelp beds generally reestablish themselves quickly. However, anthropogenic 
disturbances frequently completely eliminate kelp beds in their sphere of influence because 
they generally are of long duration. Even chronic, low-level perturbations which only 
slightly decrease kelp production often cause the consumption by grazers to outpace new 
growth. 13 

The temperature tolerance of kelp is probably a reflection of a combination of factors, 
including physiological responses, susceptibility to disease, and susceptibility to grazing. 
It has been rather well established that temperatures above 18-20°C (64-68°F) cause deteri­
oration of kelp, and the degree of degradation is directly related to the duration of the 
exposure to these temperatures. Increased surface temperatures caused by SONGS operation 
(all three units) would have the effect of extending the period of canopy absence. During 
the hottest time of the year, data in Section 5.3. 1 suggest that the closest kelp bed 
(San Onofre bed) will experience an average surface temperature increase (over a 24-hr 
period) of 1.4°C (2.6°F); the range of temperature increase will be 0.6-2.2°C (l-4°F). 

Although daily natural temperature variations of l°C (2°F) are not uncommon in the area 
(ER, p. 2.2-28), they would not be continuous in nature and thus might not affect the bed 
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as severely as the continuous SONGS discharges would, where the thermal plume may impinge 
on the bed for a longer time. Prediction of the degree to which canopy disappearance would 
be prolonged is impossible. Regeneration would be quicker in years with naturally cooler 
ocean temperatures, assuming the regenerative tissues remained unaffected (see below). 

The greatest threat of SONGS to the long-term survival of the San Onofre kelp bed is the 
possibility of injury to the basal tissues from which the canopy is regenerated each year 
as the waters cool. Estimates for bottom temperatures within the bed at the end of July 
(Section 5.3. 1) indicate that temperatures could reach 23-25°C (74-76°F), with a 24-hr mean 
of 24°C (75°F). Such temperatures would represent a l-l.5°C (2-3°F) increase above ambient 
conditions encountered during the hottest portion of the year (conditions which are likely to 
persist for up to approximately a one-week period) (Section 5.3. 1). Although the ambient 
temperatures given above would in and of themselves be detrimental to the kelp, exposure to 
them for up to a week would not likely cause permanent degradation of the entire bed13 because 
the mean exposure temperature does not quite exceed a recognized threshold temperature for 
rapid degradation (24°C) and deeper portions of the bed would be slightly cooler than the 
average and would have a greater probability of maintaining a viable population. However, 
adding l-l.5°C to these ambient temperatures could place the bottom kelp tissues in a 
critical temperature environment subjecting the tissues of most of the plants to tempera­
tures greater than their short-term tolerance, and prolonging the period of time in which 
the plants would experience temperatures greater than 20°C (68°F), which would cause them 
to be more susceptible to grazing pressure, diseases, etc., leading to their eventual 
demise. 13 Since ambient bottom temperature in the region from August- early September 
may typically range up to l9°C (66°F) (Section 5.3. 1), a several week period could exist 
in which temperatures exceed l9°C. 

The information above suggests that the thermal discharges from SONGS 1, 2 and 3 may result 
in the destruction of at least a portion of the San Onofre Kelp Bed during the summer months. 
Under average conditions, the result may not be detectable or it may be manifested in a 
noticeably earlier decline of the canopy. However, under extreme worst case conditions 
(e.g., several days with high ambient temperatures and slack currents, and with all three 
plants operating continuously), destruction of the basal regenerative tissues might result. 
~lthough recolonization of the area from outside sources could occur during the cooler 
months, the community, if destroyed frequently, could never achieve a stable state charac­
teristic of other kelp beds in the area. Furthermore, constant temperature increases 
coupled with added turbidity would be inimical to interim reestablishment since these 
factors tend to increase the effects of grazing. 13 The perennial occurrence of worst case 
conditions seems highly unlikely (Section 5.3. 1) and the staff thus concludes that the 
long-term thermal impacts from normal station operation are not likely to be severe. However, 
in view of (1) the potential additive of synergistic effects of turbidity and sediment with 
thermal discharges, (2) the ecological importance of kelp beds and their already diminished 
stature, and (3) the fact that the Sah Onofre bed represents about one-third of this resource 
along approximately 16 km (10 mi) of shoreline in the vicinity of SONGS, the staff recommends 
monitoring to ensure the bed's protection, · · · · - · 

Heat treatment 

In addition to the thermal discharge associated with the normal operation of the facility 
(see above), the applicant proposes to heat treat portions of the intake and discharge 
systems to remove biological growth (see Section 5.3. 1.2). This antifouling procedure will 
result in periodic discharge temperatures higher than those normally encountered. As a 
result, the state required the applicant to perform a demonstration to determine if signi­
ficant impacts will result from the procedure. This demonstration, in part provided for 
under part 316(a) of the Federal Water Pollution Control Act of 1972, was used to determine 
if the proposed process is acceptable to these government agencies. To date, approvals have 
been obtained from the California State Water Resources Control Board (Resolution No. 80-95 
adopted December 18, 1980), thus removing any regulatory obstacles from the state for 
conducting the antifouling process. 

As stated in Section 5.3. 1.2, biofouling control will be needed primarily in the winter; 
ambient summer temperatures will normally be sufficiently high to obviate the need for the 
procedure at that time. Additionally, the state has imposed a five-week minimum treatment 
interval for each unit. Hence, the biological effects will be a manifestati~n of short-term 
intermittent stress. Localized mortality and chronic debilitation are inevitable, particu­
larly for sessile organisms. However, only one community of organisms is judged to be 
significantly vulnerable ecologically- the San Onofre Kelp Bed. 

The thermal effects of normal operation on kelp are discussed above along with more detailed 
information on thermal tolerances, etc. Since intake heat treatment should produce smaller 
far-field 8T's than that produced by normal operation (Section 5.3. 1.2), the effects on kelp 
will be less than or equal to the effects induced normally. Discharge heat treatment is 
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judged to produce potentially greater far-field thermal effects, however. Without 
dispersing currents (i.e., during a slack in the tidal cycle), kelp bed temperatures during 
the summer may increase by ca. 0.4°C (0.72°F) (above normal operations) (Section 5.3.1.2). 
This negligible increase would not be likely to affect the kelp, particularly since the 
canopy will be naturally reduced (see kelp discussion above) and the heated water is not 
likely to be near the bottom. 

Discharge heat treatment during the winter may cause a temperature increase in the kelp 
bed of up to 4°C (7.2°F). The kelp are ordinarily tolerant of the absolute temperatures 
this would produce, but the rapid heat-up involved (e.g., 0.5 h) could be deleterious since 
the kelp would not be "hardened" for such a temperature regime. However, it is not possible 
to tell from the literature the severity of such an event. The plants could be only tempo­
rarily taxed physiologically and rebound without sequelae. Conversely, the stress could 
initiate an increased vulnerability to other, natural stresses such as predation, sloughing, 
and encrustation. Overt mortality is unlikely. In the absence of definitive data, it would 
be wise to (l) ensure continuation of the kelp monitoring program and (2) attempt to avoid 
heat treatment during unfavorable ocean current conditions. As pointed out in Section 5.3. 1.2, 
effects can be mitigated by staggering heat treatment at Units 2 and 3 (thus allowing thermal 
dispersion from the first treated unit before treating the second) and by conducting the 
antifouling procedures when current and tidal cycles are known to move the adjacent water 
mass away from the kelp bed. 

Turbidity and sediment transport effects 

The FES-CP discusses the types of effects turbidity increases due to SONGS operation will 
have on the various biological communities, indicating that it is not possible to predict 
the areal extent of this impact. 

The organisms likely to receive the greatest impact from increased turbidity are those which. 
cannot readily avoid adverse conditions or do not regenerate quickly (or experience rapid 
recruitment from surrounding waters), namely, the benthos. Since the San Onofre Kelp Bed 
is estimated to be enveloped within the thermal plume, it is likely that it will also 
experience increased turbidity. The effect on the kelp would potentially be decreased 
photosynthesis, possibly causing many of the plants to die if the exposure is continuous 
(a 1% increase in the absorption coefficient has been found to result in a 20% loss in net 
photysynthesis at 15 m (49.2 ft} 13 and burial of the holdfasts in particles which settle 
out, inhibiting regeneration and recolonization. Regardless of the magnitude of these 
effects, their presence would add to the probability that the kelp bed would be adversely 
affected (see preceding section). 

Some of the effects of increased sediment transport on benthic fauna are addressed in the 
FES-CP. The staff has further addressed the impact of the change in sediment size in areas 
near the SONGS site which would result from sediment redistribution. A study conducted 
during SONGS 1 operation, shutdown, and subsequent startup showed a significant reduction 
in the number of species and the total abundance of individual benthic fauna (primarily 
molluses and polychaete worms) within 200 m (656 ft) of the intake and discharge structure, 
probably because of the coarsening of the grain size of the sediments in this area. 15 Sedi­
ment coarsening appears to be mainly a result of the discharge of shells and shell fragments 
of fouling organisms (barnacles, molluscs) sloughed from the insides of the intake and 
discharge pipes during normal operation and especially during heat treatment. 

The sediment-altered area associated with SONGS 1 (following 13 years of operation) is 
estimated to be approximately 125,600 m2 (.048 mi 2 ), on the assumption of a circular pattern 
of effect with a radius of 200m (656 ft). 15 Assuming sediment alteration associated 
with SONGS 2 and 3 forms a rectangular pattern approximately 200 m from the sides and ends 
of each diffuser, the area affected by SONGS 2 and 3 would be approximately 0.8 kffi2 
(0.31 mi 2 ). Adding this to the area affected by SONGS 1 (125,600 m2 (0.48 mi 2 )) plus an 
estimate of the area affected by heat-treatment backflushing of the SONGS 2 condenser 
(59,900.m2 (0.023mi 2 )) gives a total area affected by all three units, from both normal 
operation and heat treatments, of approximately 1.0 km2 (.386 mi 2 ). 

It is difficult, however, to extrapolate from the effects associated with the point source 
discharge of SONGS 1 to the 762-m (2500-ft) long dual, staggered diffusers of SONGS 2 and 
3. SONGS 2 and 3 jointly are expected to have 5 times the cooling water flow rate, 3.3 
times the intake pipe area per intake structure, and 12.5 times the total fouling surface 
area associated with the two outfall lines that SONGS 1 has. 15 None of these factors has 
been taken into consideration in calculating the area potentially affected by SONGS 2 and 
3. The magnitude of the effect will also increase with duration of operation. 

In contrast to the above prediction of benthic impoverishment, the staff concludes that a 
zone of enhanced species diversity and abundance is to be anticipated beyond the area of 
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sediment modification. This conclusion is also based on results of the Marine Review 
Committee study, 15 which indicates that within a zone of 200 to 800 m (656 to 2424 ft) from 
the intake and outfall of SONGS 1, diversity and abundance of benthic fauna show a positive 
correlation with proximity to these structures. It has been estimated that this area 
contains 2 times the diversity and 8 times the abundance of benthic fauna as the sediment­
altered area within the 200-m (656-ft) radius of the outfall. This phenomenon is believed 
to be a result of organic enrichment from sinking plankton fragments and/or material 
continually resuspended by the localized turbulence of the discharged cooling water. 15 

Assuming an eliptical ring pattern for this area of enhancement, starting from a point 
200 m (656 ft) on either side of the intake and outfall structures of SONGS 1, to 1200 m 
(3936 ft) upshore and downshore (the extent of enhancement appears to diminish between 
800-1500 m (2624-4920 ft) downcoast) and extending for a distance of 400 m (1312 ft) beyond 
the 200-m (656-ft) point in the onshore and offshore directions (offshore/onshore effect 
is much less than longshore), the area of enhancement is estimated to be approximately 
2.1 km2 (0.81 mi2). 

Predicting the magnitude of an enhancement effect associated with SONGS 2 and 3 on the 
basis of SONGS 1 observations is complicated. The total volume of dead plankton dispersed 
might be approximately 5 times that of SONGS 1 as a result of the 5-fold increase in 
cooling water flow rate. However, the volume of discharge for each diffuser port is less 
than for the single outfall of SONGS 1 so that the distance the en~rained plankton are 
dispersed would be expected to be Jess. There may also be considerable differences between 
the shallow current patterns where the SONGS 1 outfall is located and the current patterns 
in the deeper waters where the SONGS 2 and 3 diffusers will be located. 

If it is assumed that the dispersal distances for dead plankton will extend approximately 
half the distance from the sediment-altered area surrounding the SONGS 2 and 3 diffusers 
as was found associated with the SONGS 1 discharge, and accounting for overlap, the area 
of enhancement would be approximately 2.4 kffi2 (0.93 mi 2). Adding to this the area affected 
similarly by SONGS 1 gives a total of 4.5 km2 (1.74 mi 2 ). This is an area approximately 
5 times that estimated to show a reduction in benthic diversity and abundance. The staff 
concludes that the impacts likely to occur to the benthic fauna as a result of sediment 
transport effects are acceptable. 

Entrainment 

The staff's analysis of entrainment effects in the FES-CP remains valid (FES-CP, p. 5-7 to 
5-12). A program on the mortality experienced by entrained ichthyoplankton is being planned 
currently at SONGS 1 and is expected to be submitted to the NRC staff in 1981. The 
results of this program should help to determine the significance of any impacts although 
the analysis presented in the FES-CP indicates that impacts should not be significant. 
The completion date for this study will be approximately one year after it is initiated. 

The circulation of water from near-shore areas to offshore areas will cause some redistri­
bution of species, particularly zooplankton, since species composition is not exactly the 
same for both areas (Section 2.5.2). Although this may result in long-term species composi­
tion changes, the areas affected shou'ld be small (FES-CP, Section 5.~.2) relative to the 
coastal areas as a whole around San Onofre. Because no other power plants or industrial 
facilities that could exert a similar influence exist within several miles, this impact is 
judged acceptable. 

Impingement 

The basic impingement analysis contained in the FES-CP remains valid. Some additional 
information is available, however, on the design and efficiency of the fish return system. 
The system is described in detail in Section 3.4 of the ER and in Section 3.2.2 of this 
document. Basically, the fish return system consists of a mechanism for shunting any fish 
entrained in the intake to a side holding area by means of an angled conduit design to 
avoid impinging them on the trash removal mechanisms in front of the final intake. 
Preliminary experimental results (ER, p. 5.1-20) indicate that perhaps 90% or more of the 
fish can be returned to the ocean unharmed. However, precise figures on the effectiveness 
of this system will not be available until the fish return system is in full-scale operation. 
The FES-CP analysis assumes a worst-case situation in which the fish return system is not at 
all effective. Under these conditions, 33 to 91 tonnes (36 to 100 tons) of fish per year 
would be removed from the San Onofre area. These figures are based on extrapolations from 
data obtained on SONGS 1 operation; new data do not indicate that these figures should be 
adjusted significantly. The majority of the fish impinged at SONGS 1 are queenfish, and, 
for reasons given in the FES-CP, losses from all three units should not have a significant 
impact on the population. Moreover, of the dominant recreational fish impinged at SONGS 1, 
losses were less than 0.8% of the amount taken by fishermen. Likewise, the primary 
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commercial fish of the area- jack mackerel, Pacific bonito, and white seabass- were seldom 
entrained at SONGS 1. 

Offshore current induction 

The analysis of the effects of induced circulation as given in the FES-CP (p. 5-16) remains 
valid, despite the design changes described in Section 3.2.2. 

5.4.2.2 Effects of biocides and other chemical discharges 

The FES-CP expressed concern about the potential long-term effects of copper being released 
into surrounding water by corrosion of the condenser tubing. Design changes have eliminated 
the plan to use a copper-nickel alloy for condenser tubing; titanium tubing will be used. 
Therefore, copper- or nickel-induced stresses to the receiving water from condenser tubing 
would not occur. 

The FES-CP conclusion that the effects of chlorine will not be significant remains valid. 
However, new information is available on this subject. The applicant estimates that the 
effluent chlorine concentrations will be no greater than 1.5 ppm as total residual before 
discharge to the ocean (ER, p. 5.3-2). With a 10-to-1 mixing in the immediate vicinity of 
the diffuser ports (ER, p. 5.3-2), this value would be reduced to 0.15 ppm. The FES-CP 
required, and the applicant agreed, that the total residual concentration of chlorine and 
other halogens in the immediate vicinity of the discharge from each unit be limited to less 
than 0.1 ppm for no more than six 15-min periods each day [FES-CP, p. iv, item 7.a(2)]. 
Experience at SONGS 1 indicates that total residual chlorine concentrations quickly dissi­
pate to undetectable quantities within a hundred or so meters of the outfall and, for any 
given 15-min dosing period, are only detectable over the outfall for 2 to 18 min (ER, 
p. 5.3-2). Even assuming a worst-case condition for SONGS 2 and 3 in which chlorine remains 
at levels around 0.15 ppm (total residual) in the vicinity of the outfall ports for as long 
as 30 min, any significant impacts are unlikely. 16 Thus, any chlorine effects are likely 
to be minimal and of an acceptable nature. Moreover, the difference in effect between 
discharges of 0.1 and 0.15 ppm are negligible. In view of this and in light of the provi­
sions of the Federal Water Pollution Control Act Amendments of 1972, the staff does not 
believe that a more stringent limitation on chlorine discharges is necessary. 

Miscellaneous chemicals will be discharged through the circulating water outfall system 
and will include laboratory wastes, ion exchange regeneration chemicals, and pH adjusters 
(Section 3.2.4 of this document and Section 3.5 of the FES-CP). The FES-CP analysis of 
the impact of these chemicals remains valid; that is, because of the small quantities 
involved, the great dilution factors present, and the relatively innocuous nature of most 
of these chemicals, impacts will not be detectable. 

5.4.2.3 Effects of sanitary waste discharge 

The effects of sanitary waste discharge are not discussed specifically in the FES-CP. 
However, any effects will be insignificant for the following reasons. 

1. On the average, only about 26m3 /day (7000 gpd) of secondary treated sewage will be 
discharged. 

2. The discharge will be made into the circulatory water system at the rate of 0.02 m3 /min 
(5 gpm). The··cooling water flow is about 1200 m3 /min (320,000 gpm). Thus, a 6400 
dilution factor will result. 

3. The resulting concentrations of suspended solids, BOD, N, P, coliform bacteria, and 
chlorine will not result in detectable incremental increases above ambient levels even 
before discharge into the ocean. 

5.5 RADIOLOGICAL IMPACTS 

5.5.1 Radiological impact on man 

The impact on man associated with the routine release of radioactive effluents from SONGS 2 
and 3 has been estimated .. The quantities of radioactive material that may be released 
annually from the plant are estimated based on the description of the radwaste systems given 
in the applicant's ER and PSAR and using the calculational model and parameters described 
in NUREG-0017. 17 Using these quantities and site environs information, the dose commitments 
to individuals are estimated using models and considerations discussed in detail in Regulatory 
Guide 1.109. Additional assumptions and models described in Appendix B of this environmental 
statement were used to estimate integrated population doses. 
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5.5.1. l Exposure pathways 

The environmental pathways that were considered in calculating the radiological impact are shown 
in Fig. 5. 17. Calculations of radiation doses to man at and beyond the site boundary were based 
on the radioactive material quantities shown in Tables 3.2 and 3.3, on site meteorological and 
hydrological considerations, and on exposure pathways at SONGS 2 & 3. 

Fig. 5.17. Exposure pathways to man. 

ES-2510 

LIQUID 
EFFLUENT 

In the analysis of all effluent radionuclides released from the plant, tritium, carbon-14, 
radiocesium and radiocobalt inhaled with air and ingested with food and water were found to 
account for essentially all total-body dose commitments to individuals and the population within 
80 km {50 miles) of the plant. 

5.5.1.2 Dose commitments from radioactive releases to the atmosphere 

Radioactive effluents released to the atmosphere from SONGS 2 & 3 will result in small radiation 
doses to the public. NRC staff estimates of the expected gaseous and particulate releases listed 
in Table 3.3 and the site meteorological considerations discussed in Sect. 2.4 of this statement 
and summarized in Table 5.1 were used to estimate radiation doses to individuals and populations. 
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Table 5.1. Summary of atmospheric dispersion factors and deposition values for selected 
locations near SONGS 2 & 3" 

Location SourcJ> X/0 (sec/m3) 
Relative 

deposition (m-2) 

Nearest site land boundary (0.36 mile N NW)c 
A 5.4 E-0 2.1 E-7 
B 2.4 E-0 9.3 E-8 

Nearest residence and garden (1.3 mile NNW)c 
A 4.8 E-6 2.0 E-8 
B 1.7E-6 6.9 E-9 

0 The doses presented in the following tables are corrected for radioactive decay and cloud de· 
pletion from deposition, where appropriate, in accordance with Regulatory Guide 1.111, Rev. 1, 
"Methods for Estimating Atmospheric Transport and Dispersion of Gaseous Effluents in Routine 
Releases from Light Water Reactors," July 1977. 

bSource A is gas decay tank, 48 purges per year, 12 hr per purge; source 8 is continuous 
release. 

c"Nearest" refers to that type of location where the highest radiation dose is expected to oc· 
cur from all appropriate pathways. 

dHere E·x is used to indicate the factor 10-x; i.e., 5.4 E-0 = 5.4 X 10-5 

(To change mi to km, multiply by 1.609.) 

Dose commitments to individuals and the population can be estimated using different methodologies. 
The staff's assessment of dose is based on a 50-year commitment and is described in Regulatory 
Guide 1. 109. The results of the calculations are discussed below. 

Radiation dose commitments to individuals 

The predicted dose commitments to the "maximum" individual from radioiodine and particulate 
releases are listed in Tables 5.2 and 5.3. The maximum individual has been estimated to receive 
the highest dose commitment from SONGS 2 & 3 and is assumed to consume well above average quan­
tities of the foods considered (see Table A-2 in Regulatory Guide 1.109). The maximum annual air, 
total body, and skin doses from noble gas releases are presented in Tables 5.3 and 5.4. 

Tibia 5.2. Maximum annual dose commitments to an individual near the SONGS 2 & 3 plant caused by 
particulate and liquid effluants 

Dose 
(millirems per year per unit) 

Location Pathway 

Total body Thyroid 

Iodine and particulate dosas 

Nearest residence and garden (1.3 NNW)8 Ground deposit 0.66 0.66 
0.48 
2.5 

Inhalation 0.07 
Vegetation 0.40 

Totals 1.1 3.7 

Uquid effluent dotes 

Nearest fish Fish ingestion 0.019 O.Q18 
Invertebrate ingestion 0.0058 0.025 
Shoreline use 0.039 0.039 

Totals 0.064 0.082 

Other organs 
(if greater 

than 10% of 
dose) 

NA 

. 0.0016 
0.104 
0.039 

0.15 

""Nearest" refers to the location where the highest radiation dose to an individual from all applicable path· 
ways has been estimated. 

{To change mi to km, multiply by 1.609,) 
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Table 5.3. Maximum calculated dose commitments to an individual and the 
population from SONGS 2 & 3" 

Appendix I Calculated 
Design objectives doses 

(Annual dose per reactor unit) 

Maximum individual doses 

Liquid effluents 
Dose to total body from all pathways, millirems 
Dose to any organ from all pathways, millirems 

Noble gas effluents (at site boundary) 
Gamma dose in air, millirads 
Beta dose in air, millirads 
Dose to total body of an individual, millirems 
Dose to skin of an individual, millirems 

Radioiodines and particulate/' 
Dose to any organ from all pathways, millirems 

3 
10 

10 
20 
5 

15 

15 

Population doses within 80 km (50 miles) 

Natural radiation background" 
Liquid effluents 
Gaseous effluents 

Total body 
(man·rems) 

700,000 
0.17 

21 

Thyroid 
(man-rams) 

0.14 
46 

0.064 
0.15 

4.6 
14 
2.8 
8.5 

3.7 

"Appendix I design objectives from Sects. II.A,II.B,II.C, and 11.0 of Appendix I, 
10 CFR 50; considers maximum doses to individuals and population per reactor unit. 
Source: Federal Regist. 40, 19442, May 5, 1975. 

b Carbon·14 and tritium have been added to this category. 
c"Natural Radiation Exposure in the United States," U.S. Environmental Protec· 

tion Agency, ORP·SID-72·1 (June 1972); using the average State of California back· 
ground dose. of 97 millirems per year and year 2000 projected population of 262 
million. 

Table 5.4. Annual total·body, skin, and air doses at the nearest site boundary of SONGS 2 & 3 
caused by gaseous radioactive effluents" 

Location 
Dose (millirem per year per unit) 

Total body Skin Gamma air dose Beta air dose 

Nearest site boundary (0.36 mile WNW)8 2.5 8.3 4.2 14 

""Nearest" refers to that site boundary location where the highest radiation doses caused by gaseous 
effluents have been estimated to occur. 
(To convert mi to km, multiply by 1.6.) 

Radiation dose commitments to populations 

The calculated annual radiation dose commitments to the population within 80 km (50 mi) of 
SONGS 2 and 3 from gaseous and particulate releases are presented in Table 5.3. Estimated 
dose commitments to the U.S. population are presented in Table 5.5. Background radiation 
doses are provided for comparison. 

Within 80 km of the plant site, specific meteorological, populational, and agricultural 
data for each of 16 compass sectors around the plant were used to evaluate the doses. Beyond 
80 km, meteorological models were extrapolated by assuming uniform dispersion of noble gases 
and continued deposition of radioiodines and particulates until no suspended radionuclides 
remained. Doses were evaluated using average population densities and food production values 
discussed in Appendix B. The doses from atmospheric releases during normal operation repre­
sent an extremely small increase in the normal population dose from background radiation 
sources. 
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Table 5.5. Annual total·body population dose commitments in the year 2000 

Category U.S. population dose commitment for the site 

Natural background r.adiation, man·rems per year" 

SONGS 2 & 3 operation, man-rems per year per site 

Plant workers 

27,000,000 

2600 

General public 
Gas and particulates 
Liquid effluents 
Transportation of fuel and waste 

160 
<I. 
14 

a using the average U.S. background dose of 102 man·rems per year and year 2000 projected U.S. 
population from "Population Estimates and Projections," Series II, U.S. Department of Commerce. 
Bureau of the Census, Series P-25, No. 541 (February 1975). 

5.5. 1.3 Dose commitments from radioactive liquid releases to the hydrosphere 

Radioactive effluents released to the hydrosphere from SONGS 2 & 3 during normal operation will 
result in small radiation doses to individuals and populations. The staff estimates of the 
expected liquid releases listed in Table 3.2 and the site hydrological considerations discussed 
in Sect. 2.3 of this statement and summarized in Table 5.6 were used to estimate radiation dose 
commitments to individuals and populations. The results of the calculations are discussed below. 

Table 5.6. Summary of hydrologic transport and 
dispersion for liquid releases from SONGS 2 & :r' 

Location 

Nearest sport 
fishing location 
(plant outfall)b 

Nearest shoreline 

Transit time (hr) Dilution factor 

0.1 

(plant boundary) 0.1 

4 See Regulatory Guide 1.112, "Analytical Models for 
Estimating Radioisotope Concentrations in Different Water 
Bodies," (1976). 

h Assumed for purposes of an upper·limit estimate; de· 
tailed information not available. 

Radiation dose commitments to individuals 

The estimated dose commitments to individuals at selected offsite locations where exposures are 
expected to be largest are listed in Tables 5.2 and 5.3. The standard NRC models given in 
Regulatory Guide 1.109 were used for these analyses. 

Radiation dose commitments to populations 

The estimated population radiation dose commitments to 80 km for SONGS 2 & 3 from liquid releases, 
based on the use of water and biota from the Pacific Ocean, are shown in Table 5.3. Dose commit­
ments beyond 80 km were based on the assumptions discussed in Appendix B. 

Background radiation doses are provided for comparison. The dose commitments from liquid releases 
from SONGS 2 & 3 represent small increases in the population dose from background radiation 
sources. 

5.5.1.4 Direct radiation 

Radiation from the facility 

Radiation fields are produced in nuclear plant environs as a result of radioactivity contained 
within the reactor and its associated components. Doses from sources within the plant are 
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primarily due to nitrogen-16, a radionuclide produced in the reactor core. Since the primary 
coolant of pressurized water reactors is contained in a heavily shielded area of the plant, 
dose rates in the vicinity of PWRs are generally undetectable (less than 5 millirems per 
year). Low-level radioactivity storage containers outside the plant are estimated to 
contribute less than 0.01 millirem per year at the site boundary. 

Occupational radiation exposure 

The dose to nuclear plant workers varies from reactor to reactor and can be projected for 
environmental impact purposes by using the experience to date with modern pressurized water 
reactors (PWRs). Most of the dose to nuclear plant workers is due to external exposure to 
radiation from radioactive materials outside of the body rather than from internal exposure 
from inhaled or ingested radioactive materials. Recently licensed 1000 MWe PWRs are designed 
and operated in a manner consistent with the new (post-1975) regulatory requirements and 
guidelines. These new requirements and guidelines place increased emphasis on maintaining 
occupational exposure at nuclear power plants as low as is reasonably achievable (ALARA), 
and are outlined in 10 CFR Part 20, Standard Review Plan Chapter 12, and Regulatory Guide 8.8. 
The applicant's proposed implementation of these requirements and guidelines are reviewed 
by the NRC staff at the construction permit licensing stage, the operating license licensing 
stage, and during actual operation. Approval of the proposed implementation of these require­
ments and guidelines is granted only after the review indicates that an ALARA program can 
actually be implemented. As a result of our review the staff has determined that the applicant 
is committed to design features and operating practices that will assure that individual 
occupational radiation doses can be maintained within the limits of 10 CFR Part 20 and that 
individual and population doses will be as low as is reasonably achievable. 

On the basis of actual operating experience, it has been observed that this occupational 
dose has varied considerably from plant to plant, and from year to year. Average individual 
and collective dose information is available from over 190 reactor-years of operation between 
1974 and 1979. These data indicate that the average reactor annual dose at PWRs has been 
about 410 man-rem, with particular plants experiencing an average annual dose as high 
as 1300 man-rem. These dose averages are based on widely varying yearly doses at PWRs. 
For example, annual collective doses for PWRs have ranged from 18 to 5262 man-rem per reactor. 
The average annual dose per nuclear plant worker has been about 0.8 rem. 

The wide range of annual doses (18 to 5262 man-rems) experienced by U.S. PWRs is dependent 
on a number of factors, such as the amount of required routine and special maintenance, 
and the degree of reactor operations and inplant surveillance. Since these factors can 
vary in an unpredictable manner, it is impossible to determine in advance a specific year­
to-year or average annual occupational radiation dose for a particular plant over its 
operating lifetime. It is necessary to recognize that high doses may occur, even at plants 
with radiation protection programs that have been developed to assure that occupational 
radiation doses will be kept at levels that are ALARA. Consequently, the NRC staff's occu­
pational dose estimates for environmental impact purposes for SONGS 2 and 3 are based on 
the conservation assumption that the station may have an higher than average level of special 
maintenance work. On the basis of the staff's review of the applicant's Safety Analysis 
Report, as well as occupational dose data from over 190 PWR reactor operating years, the 
NRC staff projects that the occupational doses at SONGS 2 and 3 could average as much as 
1300 man-rem/yr when averaged over the life of the plant. However, actual year to year 
doses may differ greatly from this average, depending on actual plant operating conditions. 

Transportation of radioactive material 

The transportation of cold fuel to a reactor, of irradiated fuel from the reactor to a fuel 
reprocessing plant, and of solid radioactive wastes from the reactor to burial grounds is 
within the scope of the NRC report entitled "Environmental Survey of Transportation of 
Radioactive Materials to and from Nuclear Power Plants" [10 CFR 51.20(g)]. The estimated 
population dose commitments associated with transportation of fuels and wastes are listed 
in Tables 5.5 and 5.7. 

5.5.1.5 Comparison of dose assessment models 

The applicant's site and environmental data provided in the ER and in subsequent answers 
to staff questions were used extensively in the dose calculations. Any additional data 
received which could significantly affect the conclusions reached in this draft statement 
will be used in preparing the final statement. 
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Table 5.7. Environmental impact of transportation of fuel and waste to and from 
one light-water-cooled nuclear power reactor"·b 

Exposed population 

Transportation workers 

General public 
Onlookers 
Along Route 

Estimated 
number of 

persons 

200 

1,100 
600,000 

Range of doses 
to exposed 
individuals 

(millirems per 
reactor year)c 

O.Dl to 300 

0.003 to 1.3 
0.001 to 0.06 

Cumulative dose to 
exposed population 

(man·rems per reactor 
year)d 

4 

3 

Radiological effects 
Accidents in transport 

Small• 

Common (nonradiologicatl causes 1 fatal injury in 100 reactor years; 
1 nonfatal injury in 10 reactor years; 
$475 property damage per reactor year 

• Data supporting this table are given i~ the Commission's Environmental Survey of 
Transportation of Radioactive Materials to and from Nuclear Power Plants, WASH-1238, 
December 1972, and Suppl. I, NUREG-75/038, April 1975. 

b Normal conditions of transport: heat (per irradiated fuel cask in transit}. 250,000 
Btu/hr; weight (governed by Federal or State restrictions), 73,000 lb per truck; 100 tons 
per cask per rail car; traffic density, <1 per day; rail <3 per month. 

cThe Federal Radiation Council has recommended that radiation doses from all sources 
of radiation other than natural background and medical exposures should be limited to 
5000 milirems per year for individuals as a result of occupational exposure and should be 
limited to 500 millirems per year for individuals in the general population. The dose to in· 
dividuals as a result of average natural background radiation is about 102 millirems per 
year. 

dMan-rem is an expression for the summation of whole body doses to individuals in a 
group. Thus, if each member of a population group of 1000 people were to receive a dose 
of 0.001 rem (1 millirem). or if 2 people were to receive a dose of 0.5 rem (500 millirems) 
each, the total man-rem in each case would be 1 man-rem. 

"Although the environmental risk of radiological effects stemming from transportation 
accidents is currently incapable of being numerically quantified, the risk remains small re· 
gardless of whether it is being applied to a single reactor or a multireactor site. 

(To convert lb to kg, multiply by 0.45; to convert tons 
to tonnes, multiply by 0,907.) 

5.5.1.6 Evaluation of radiological impact 

The actual radiological impact associated with the operation of SONGS 2 & 3 will depend, in part, 
on the manner in which the radioactive waste treatment system is operated. The staff concludes on 
the basis of their evaluation of the potential performance of the radwaste system that the system 
as proposed is capable of meeting the dose design objectives of 10 CFR Part 50, Appendix I. 
Table 5.3 compares the calculated maximum individual doses to the dose design objectives. How­
ever, because the facility's operation will be governed by operating license technical specifica­
tions and because the technical specifications will be based on the dose design objectives of 
10 CFR Part 50, Appendix I, as shown in the first column of Table 5.3, the actual radiological 
impact of plant operation may result in doses close to the dose design objectives. Even if this 
situation exists, however, the individual doses will still be very small when compared to natural 
background doses (~lao millirems per year) or of the dose limits specified in 10 CFR Part 20. As 
a result the staff concludes that there will be no measurable radiological impact on man from 
routine operation of SONGS 2 & 3. 

5.5.2 Radiological impacts to biota other than man 

Depending on the pathway and the radiation source, terrestrial and aquatic biota will receive 
doses approximately the same or somewhat higher than man receives. Although guidelines have not 
been established for acceptable limits for radiation exposure to species other than man, it is 
generally agreed that the limits established for humans are also conservative for other species. 
Experience has shown that it is the maintenance of population stability that is crucial to the 
survival of a species, and species in most ecosystems suffer rather high mortality rates from 
natural causes. Although the existence of extremely sensitive biota is possible and increased 
radiosensitivity in organisms may result from environmental interactions with other stresses 
(e.g., heat, biocides, etc.), no biota have yet been discovered that show a sensitivity (in terms 
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of increased morbidity or mortality) to radiation exposures as low as those expected in the area 
surrounding SONGS 2 & 3. Furthermore, in all the plants for which an analysis of radiation 
exposure to biota other than man has been made, there have been no cases of exposures that can be 
considered significant in terms of harm to the species, or that approach the exposure limits to 
members of the public permitted by 10 CFR Part 20.19 Since the BEIR Report20 concluded that the 
evidence to date indicates that no other living organisms are very much more radiosensitive than 
man, no measurable radiological impact on populations of biota is expected as a result of the 
routine operation of this plant. 

5.5.3 Environmental effects of the uranium fuel cycle 

On March 14, 1977, the Commission presented in the Federal Register (42 FR 13803} an interim rule 
regarding the environmental considerations of the uranium fuel cycle. It was effective (by Amend­
ment of September 12, 1978) through March 14, 1979 and revised Table S-3 of Paragraph (e) of 
10 CFR Part 51.20.* In a subsequent announcement on April 14, 1978, (43 FR 15613}, the Commission 
further amended Table S-3 to delete the numerical entry for the estimate of radon releases and to 
clarify that the table does not cover health effects. On July 27, 1979, the Commission approved 
a final rule setting out revised environmental impact values for the uranium fuel cycle to be 
included in environmental reports and environmental statements for reactors (44 FR 45362). The 
final rule reflects new and updated information relative to reprocessing of spent fuel and 
radioactive waste management as discussed in NUREG-0116, Environmenta~ Survey of the Reprocessing 
and Waste Management Portions of the LWR Fuel Cycle, 21 and NUREG-0216,22 which presents staff 
responses to comments on NUREG-0116. The rule also considers other environmental factors of the 
uranium fuel cycle, including aspects of mining and milling, isotopic enrichment, fuel fabrication, 
and management of low-and high-level wastes. These are described in the AEC report WASH-1248, 
Environmental Survey of the Uranium Fuel Cycle. 23 

Specific categories of natural resource use are included in Table S-3 of the final rule, which 
is reproduced in this statement as Table 5.8.t These categories relate to land use, water con­
sumption and thermal effluents, radioactive releases, burial of transuranic and high- and 
low-level wastes, and radiation doses from transportation and occupational exposures. The 
contributions in Table 5.8 for reprocessing, waste management, and trans~ortation of wastes are 
maximized for either of the two fuel cycles (uranium only and no recycle); that is, the cycle 
that results in the greater impact is used. 

The following assessment of the environmental impacts of the fuel cycle as related to the opera­
tion of SONGS 2 & 3 is based on the values given in Table 5.8 and the staff's analysis of the 
radiological impact from radon releases. For the sake of consistency, the analysis of fuel-cycle 
impacts has been cast in terms of a model 1000 MWe LWR operating at an annual capacity factor of 
80%. In the following review and evaluation of the environmental impacts of the fuel cycle, the 
staff conclusions would not be altered if the analysis were to be based on the net electrical 
power output of SONGS 2 & 3. 

The total annual land requirement for the fuel c~cle supporting a model 1000 MWe LWR is about 
46 ha (114 acres). Approximately 5 ha (13 acres) per year are permanently committed land, and 
40 ha (100 acres) per year are temporarily committed. (A "temporary" land commitment is a com­
mitment for the life of the specific fuel-cycle plant, e.g., mill, enrichment plant, or succeeding 
plants. On abandonment or decommissioning, such land can be used for any purpose. "Permanent'' 
commitments represent land that may not be released for use after plant shutdown and/or decom­
missioning.) Of the 40 ha per year of temporarily committed land, 32 ha (79 acres) are undis­
turbed and 9 ha (22 acres) are disturbed. Considering common classes of land use in the U.S.,* 
fuel-cycle land-use requirements to support the model 1000 MWe LWR do not represent a significant 
impact. 

The principal water-use requirement for the fuel cycle supporting a model 1000 MWe LWR is that 
required to remove waste heat from the power stations supplying electrical energy to the enrich­
ment step of this cycle. Of the total annual requirement of 43 x 106m3 (11,000 x 106 gal), 
about 42 x 106 m3 are required for this purpose, assuminQ that these plants use once-through 
cooling. Other water uses involve the discharge to air (e.g., evaporation losses in process 
cooling) of about 0.6 x 106m3 per year and water discharged to ground (e.g., mine drainage) 
of about 0.5 x 106 m3 per year. 

* A notice of final rulemaking proceedings was given in the FederaZ Register of May 26, 1977 
(42 FR 26987) that calls for additional public comment before adoption or final modification 
of the interim rule. 

tA narrative explanation of Table 5.8 (Table S-3) was published in the Federal Register 
(46 FR 15154-75) on March 4, 1981. 

*A coal-fired power plant of 1000 MWe capacity using strip-mined coal requires the distur­
bance of about 81 ha (200 acres) per year for fuel alone. 
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Table 5.8. Summary of environmental consideratkml for uflnium fuel cycle" 

Normalized to model LWR annual fuel requirement {WASH·1248) or reference reactor year (NUREG·0116) 

Natural resource use 

Lond,acm 
Temporarily commi'tte<i' 

Undisturbed area 
Disturbed area 

Permanently committed 
Overburden moved, millions of metric tons 

W1ter, millions of gallons 
Discharged to air 
Discharged to water bodies 
Discharged to ground 

Total 

FossJI fuel 
Electrical energy. thoutunds of 

megawatt hours 
Equivalent coal,. thousands 

of metric tons 
Natural gas~ millions of standard cubic feet 

Effluents- chemical. metric tons 
GaHS (including entrainm~t1c 

so. 
NO,.d 
Hydrocarbons 
co 
Particulates 

Other gases 
F-

HCI 

Liquid• 
so.~?­
No3-
Fluoride 
ea•• 
CI-
Na' 
NH3 
Fe 

Tailings. solutions, tholK8nds of metric tons 
Solids 

EfffUflttJ - radloloqic41. curiti 
Gnes (Including entrainment) 

Rn·222 
Ra·226 
Th·230 
Uranium 
Tritium, thousands 
C-14 
Kr..SS, thouunds 
Ru·106 
1·129 
1·131 
Tc-99 
Fission products and transuranics 

Liquidt 
Uranium and daughters 

Ra·226 
Th·230 
Th-234 

FIUion and activation products 
Solids (buried on site) 

Othor than high level (shallow) 

TAU and HLW (deep) 
Effluents- thermal, billions of British 

thermal unlu 
Transportation, ~non·rems 

Exporure at work•rs and ~ol public 
Occupational e)(powre, person·rems 

Total 

100 
79 
22 

7.1 
2.8 

= 
160 

11,090 
127 

11,377 

321 

117 

135 

4,400 
1,190 

14 
29.6 

1,154 

0.67 

0.014 

9.9 
25.8 
12.9 
5.4 
8.5 

12.1 
10.0 
0.4 

240 
91,000 

0,02 
0,02 
0.034 

18.1 
24 

400 
0.14 
1.3 
0.83 
0.203 

2.1 

0.0034 
0.0015 
O.Dl 

11,300 

1.1 X 107 

4.063 

2.5 

22.6 

Maximum effect per annual fuel requirement or reference reactor year of modei1QOO..MWe LWR 

Equivalent to 110.MWe coal-fired power plant 

Equivalent to 95-MWe ooal·fired power plant 

Equals 2% of mode11()()()..MWe LWR with cooling tower 

less than 4% of mode11000-MWe LWR with once·through cooling 

less tMn 5% of modellOOO.MWe LWR output 

Equivalent to the consumption of a 45-MWe coal-fired 
power plant 

less than 0.3% of model 1000-MWe energy output 

Equivalent to emissions from 45-MWo coaJ*fired power plant for a year 

Prindpally from UF8 production, enrichment, and reproccuing. Concentration within range of state standards­
below level that has effects on human health 

From enrictunent. fuel fabrication. and reproceuing steps. Components that constitute a potential for adverse 
environmental effect are present in dilute concentrations and receive additional dilution by receiving bodies 
of water to levels below permissible standards. The constituents that require dilution and the flow of dilu· 
tion water are: 

NH3 -600c:fs 
N03 -20cfs 
Fluoride- 70 c:fs 

From mills on(y- no significant effluenu to environment 
Prlncipally from mills- no significant etfl~nts to tmvironment 

Presently under reconsideration by the Commission 

Principally from fuel reproceuing plants 

rresently under consideration by the Commission 

Principally from milling - included in tailings liquor and returned to ground- no efflu~nu; thQf'efore. no effect on 
environment 

From UF 0 production 

From fuel fabrication plants- concentration 10% of 10 CFR Part 20 for total proceuing 26 annuat fuel requirements 
tor model LWR 

9100 Ci come from low·level reactor wastes and 1500 Ci come from reactor decontamination and decommission· 
ing - buried at land burial facilities. Mills produce 600 Ci - included in tailings returned to ground; about 60 Ci 
come from conversion and spent-fuel storage. No significant effluent to the environment 

Buried at Federal rePOSitory 
LtiU than 4% of model 1 000-MWe LWR 

From reprocessing and wane management 

•tn some castJt where no entry appears, it is clear from the backgt"ound documents that the matter was addressed and that, in effect, this table should be read as if a $J)ecific zero entry 
h.cJ been made. However, there are other areas that are not addressed at al in this table. Table 5·3 of WASH-1248 does not include health effects irom the effluents described in this 
table or estimates of releases of Radon-222 from the uranium fuel cycle. These issues which are not addrened at ali by this tabte may be the subject of litigation in individual licensing 
proc:oedings:. Data supporting this table are given in the Environmental Survey ofrhe Uranium Fuel Cycle, WASH-1248, April 1974; the Environrrumtal SUI'\'VY of the Repi'OCftSing ¥Jd Wute 
Monagomenr Portion• of the LWR Fuel Cycl•. NUREG-0116 (Suppi. 1 to WASH-1248); and the Ditt:U:sion of Comments Regording the Environmental Surwy of the Rf(JrOCt!fSing and 
Ware Ma~t Portionr of the LWR Fuel Cycle, NUREG~2T6 {Suppl. 2 to WASH·1248J. The contributions from reprocessing, wane management, and transportation of wanes are 
rnaximited for either of the two fuel cycles (uranium only and no-recyle). The contribution from transportation excludes transportation of coal fuel to a reactor and of irtadiated fuel 
and radioactiva wastes from a reactor which .are con:idered in Table S-4 of Sect. 51.20fg). The contributions from the other stops of the fuel cvcf~ are given in columns A- e of 
Table 5-3A of WASH·1248. 

bThe contributions to temporarily committed land from reprocessing are not prorated over 30 years, because the complete temporary impact accrues regardless of whether the plant 
JetVices 1 reactor for 1 year or 57 reactors for 30 years. 

, cEstirnated effluenu based on combustion of equivalent coal for power generation. 
d 1.2% from natural gas use and process. 
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On a thermal effluent basis, annual discharges from the nuclear fuel cycle are about 4% of those 
from the model 1000 MWe LWR using once-through cooling. The consumptive water use of 0.6 x 106 ms 
per year is about 2% of that of the model 1000 MWe LWR using cooling towers. The maximum con­
sumptive water use (assuming that all plants supplying electrical energy to the nuclear fuel cycle 
used cooling towers) would be about 6% of that of the model 1000 MWe LWR using cooling towers. 
Under this condition, thermal effluents would be negligible. The staff finds that these com­
binations of thermal loadings and water consumption are acceptable relative to the water use 
and thermal discharges of the proposed project. 

Electrical energy and process heat are required during various phases of the fuel-cycle process. 
The electrical energy is usually produced by the combustion of fossil fuel at conventional 
power plants. Electrical energy associated with the fuel cycle represents about 5% of the annual 
electrical power production of the model 1000 MWe LWR. Process heat is primarily generated by 
the combustion of natural gas. This gas consumption, if used to generate electricity, would be 
less than 0.3% of the electrical output from a 1000 MWe plant. The staff finds that the direct 
and indirect consumption of electrical energy for fuel-cycle operations are small and acceptable 
relative to the net power production of the proposed project. 

The quantities of chemical, gaseous, and particulate effluents with fuel-cycle processes are 
given in Table 5.8. The principal species are SOx, NOx, and particulates. The staff finds, on 
the basis of data in a Council on Environmental Quality report,24 that these emissions constitute 
an extremely small additional atmospheric loading in comparison with these emissions from the 
stationary fuel-combustion and transportation sectors in the U.S., i.e., about 0.02% of the 
annual national releases for each of these species. The staff believes such small increases in 
releases of these pollutants are acceptable. 

Liquid chemical effluents produced in fuel-cycle processes are related to fuel-enrichment, 
-fabrication, and -reprocessing operations and may be released to receiving waters. These 
effluents' are usually present in such dilute concentrations that only small amounts of dilution 
water are required to reach levels of concentration that are within established standards. 
Table 5.8 specifies the flow of dilution water required for specific constituents~ Additionally, 
all liquid discharges into the navigable waters of the United States from plants associated 
with the fuel-cycle operations will be subject to requirements and limitations set forth in an 
NPDES permit issued by an appropriate state or Federal regulatory agency. 

Tailings solutions and solids are generated during the milling process. These solutions and 
solids are not released in quantities sufficient to have a significant impact on the environment. 

Radioactive effluents estimated to be released to the environment from reprocessing and waste 
management activities and certain other phases of the fuel-cycle process are set forth in 
Table 5.8. Using these data, the staff has calculated the 100-year involuntary environmental 
dose commitment* to the U.S. population. These calculations estimate that the overall involuntary 
total body gaseous dose commitment to the U.S. population from the fuel cycle (excluding 
reactor releases and the dose commitment due to radon-222) would be approximately 400 man-rems 
per year of operation of the model 1000 MWe LWR. The additional involuntary total body dose 
commitment to the U.S. population from radioactive liquid effluents due to all fuel-cycle 
operations other than reactor operation, estimated on the basis of the values given in Table 5.8, 
would be approximately 100 man-rems per year of operation. Thus, the estimated involuntary 
100-year environmental dose commitment to the U.S. population from radioactive ~aseous and liquid 
releases due to these portions of the fuel cycle is approximately 500 man-rems (whole body) per 
year of operation of the model 1000 MWe LWR. 

At this time Table 5.8 does not address the radiological impacts associated with radon-222 
releases. Principal radon releases occur during mining and milling operations and, following 
completion of mining and milling, as emissions from stabilized mill tailings and from unreclaimed 
open-pit mines. The staff has determined that releases from these operations for each year 
of operation of the model 1000 MWe LWR are as follows: 

* The environmental dose commitment (EOC) is the integrated population dose for 100 years; 
i.e., it represents the sum of the annual population doses for a total of 100 years. The 
population dose varies with time, and it is not practical to calculate this dose for every year. 
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Mining: (during active mining)2S 

Mining: (unreclaimed open-pit mines)26 

Milling and Tai1ings:27 
(during active milling) 

Inactive Tailings: 27 (prior 
to stabilization) 

Stabilized Tailings:27 
(several hundred years) 

Stabilized Tailings: 27 (after 
several hundred years) 

4060 Ci 

30 to 40 Ci/year 

780 Ci 

350 Ci 

1 to 10 Ci/year 

110 Ci/year 

The staff has calculated population dose commitments for these sources of radon-222 using the 
RABGAD computer code described in Section IV.J of Appendix A of NUREG-0002. 28 The results of 
these calculations for mining and milling activities prior to tailings stabilization are shown 
in Table 5.9. 

Table 5.9. Estimated 10().year environmental dose commitment per 
year of operation of me model 1000 MWe LWR 

Radon-222 releases 
Dose commitments (man·remsl 

Source Amount (Ci) Total body Bone 
Lung (bronchial 

epithelium! 

Mining 4100 110 2800 2300 

Milling and active 1100 29 750 620 
tailings 

Total 140 3600 2900 

When added to the 500 man-rem total body dose commitment for the balance of the fuel cycle, the 
overall estimated total body involuntary 100-year environmental dose commitment to the U.S. 
population from the fuel cycle for the model 1000 MWe LWR is approximately 600 man-rems. Over 
this period of time, this dose is equivalent to 0.00002% of the natural background dose of about 
3,000,000,000 man-rems to the U.S. population.* 

The staff has considered health effects associated with the releases of radon-222, including both 
the short-term effects of mining, milling, and active tailings and the potential long-term effects 
from unreclaimed open-pit mines and stabilized tailings. After completion of active mining, the 
staff has assumed that underground mines will be sealed, with the result that releases of radon-222 
from them will return to background levels. For purposes of providing an upper-bound impact 
assessment, the staff has assumed that open-pit mines will be unreclaimed and has calculated that 
if all ore were produced from open-pit mines, releases from them would be 110 Ci/year of operation 
of the model 1000 MWe LWR. However, since the distribution of uranium ore reserves available by 
conventional mining methods is 66.8% underground and 33.2% open pit,29 the staff has further 
assumed that uranium to fuel LWRs will be produced by conventional ~ining methods in these propor­
tions. This means that long-term releases from unreclaimed open-pit mines will be 0.332 x 110 or 
37 Ci/year of operation of the model LWR. 

On the basis of these assumptions, the radon released from unreclaimed open-pit mines over 100-
and 1000-year periods can be calculated to be about 3700 Ci and 37000 Ci/year of operation of the 
model reactor, respectively. The total dose commitments for a 100-1000-year period would be as 
follows: 

* Based on an annual average natural background individual dose commitment of 100 mrem and a 
stabilized U.S. population of 300 million. 
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Population dose commitments (man-rems) 
Time s~an Total release 

T~~ Lung (brachial 
body Bone epithelium) 

100 years 3,700 g6 2,500 2,000 
500 years 19,000 480 13,000 11,000 

1,000 years 37,000 960 25,000 20,000 

The above dose commitments represent a worst-case situation since no mitigation circumstances 
are assumed. However, state and Federal laws currently require reclamation of strip and open­
pit coal mines, and it is very probable that similar reclamation will be required for uranium 
open-pit mines. If so, long-term releases from such mines should approach background levels. 

For long-term radon releases from stabilized tailings piles, the staff has assumed that these 
tailings wquld emit, per year of operation of the model 1000 ~e LWR, 1 Ci/year for 100 years, 
10 Ci/year for the next 400 years, and 100 Ci/year for periods beyond 500 years. With these 
assumptions, the cumulative radon-222 release from stabilized tailings piles per operating year 
of the model reactor will be 100 Ci in 100 years, 4,090 Ci in 500 years, and 53,800 Ci in 
1000 years3o, The total body, bone, and bronchial epithelium dose. commitments for these periods 
are as follows: 

Population dose commitments (man-rems) 
Time s~an Total release Total Bone Lung (brochial 

body epithelium) 

100 years 100 2.6 68 56 
500 years 4,090 110 2,800 2,300 

1,000 years 53,800 1,400 37~000 30,000 

Using risk estimators of 135, 6.9, and 22.2 cancer deaths per million man-rems for total body, 
bone, and lung exposures, respectively, the estimated risk of cancer mortality due to mining, 
milling, and active tailings emissions of radon-222 would be about 0.11 cancer fatalities per 
operating year of the model 1000 MWe LWR. When the risk due to radon-222 emissions from 
stabilized tailings over a 100-year release period is added, the estimated risk of cancer 
mortality over a 100-year period is unchanged. Similarly, a risk of about 1.2 cancer fatalities 
is estimated over a 1000-year release period per operating year of the model 1000 MWe LWR. When 
potential radon releases from reclaimed and unreclaimed open-pit mines are included, the overall 
risks of radon induced cancer fatalities per operating year of the model 1000 MWe LWR would 
range as follows: 

0.11-0.19 fatalities for a 100-year period 
0.19-0.57 fatalities for a 500-year period 
1.2-2.0 fatalities for a 1000-year period 

To illustrate: A single model 1000 MWe LWR operating at an 80% capacity factor for 30 years 
would be predicted to induce between 3.3 and 5.7 cancer fatalities in 100 years, 5.7 and 17 
in 500 years, and 36 and 60 in 1000 years as a result of releases of radon-222. 

These doses and predicted health effects have been compared with those that can be expected from 
natural-background emissions of radon-222. Using data from the National Council on Radiation 
Protection91, the average radon 222 concentration in air in the contiguous United States is about 
150 pCi/m3, which the NCRP estimates will result in an annual dose to the bronchial epithelium of 
450 mrem. For a stabilized future U.S. population of 300 million, this represents a total lung 
dose commitment of 135 million man-rems per year. Using the same risk estimator of 22.2 lung 
cancer fatalities per million man-lung-rems used to predict cancer fatalities for the model 
1000 MWe LWR, estimated lung cancer fatalities alone from background radon-222 in the air can 
be calculated to be about 3000 per year or 300,000 to 3,000,000 lung cancer deaths over periods 
of 100 and 1,000 yea!S respectively. 

Other nuclides produced in the cycle, such as carbon-14, will contribute to population exposures 
in addition to the radon-related potential health effects from the fuel cycle. It is estimated 
that 0:08 to 0.12 additional cancer deaths may occur per operating year of the model 1000 MWe 
LWR (assuming that no cure or prevention of cancer is ever developed) over the next 100 to 
1000 years, respectively, from exposures to these other nuclides. 
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These latter exposures can also be compared with those from naturally-occurring terrestrial 
and cosmic-ray sources, which average about 100 mrem. Therefore, for a stable future popu­
lation of 300 million persons, the whole-body dose commitment would be about 30 million 
man-rems per year, or 3 billion man-rems and 30 billion man-rems for periods of 100 and 
1000 years respectively. These dose commitments could produce about 400,000 and 4,000,000 
cancer deaths during the same time periods. From the above analysis, the staff concludes 
that both the dose commitments and health effects of the uranium fuel cycle are insignificant 
when compared to dose commitments and potential health effects to the U.S. population result­
; ng fr·om a 11 natura 1 background sources. 

5.6 SOCIOECONOMIC IMPACTS 

5.6.1 Introduction 

A 96-km (60-mile) radius of the San Onofre site circumscribes most of the metropolitan areas 
of Los Angeles and San Diego, the third and fourteenth largest cities, respectively, in 
the United States. Between 1970 and 1980, San Diego County had a 37.1% increase in popula­
tion, reaching a total of 1,861,846 in 1980 and a density of about 170/km2 (438/m2 ). 

' 
Continued growth within 96 km (60 miles) of the San Onofre site is expected for the next 
three decades. The central portion of Orange County and the city of San Diego and its 
immediate environs are projected to be the major growth areas (ER, Sect. 2.1.3.2.2). The 
population growth rates within 16 km (10 miles) of the site are expected to fluctuate over 
the operating life of SONGS 2 and 3. The annual growth rate between 1976 and 1980 is expected 
to be 4.2%, decreasing to 0.3% between 1990 and 2000, and rising to 1.1% between 2010 and 
2020 (ER, Sect. 2.1.3.1.1). 

5.6.2 Impact of the construction labor force 

A peak labor force of about 3000 workers was employed at SONGS 2 and 3 in late 1979. Of 
this number, the applicant has estimated that about 600 workers (20% of the peak labor force) 
have relocated to the southern California area (Sect. 2.2.3). Although the staff could 
not determine the exact location of these workers, current growth projections for the area 
indicate that the addition of 600 workers represents an insignificant impact. Between 1976 
and 1980 the population in the area that is 16 to 80 km (10 to 50 miles) from the site was 
projected to increase 2.2% (ER, Sect. 2.1.3.2.1). The addition of 600 workers accounts 
for less than 0.1% of the growth expected during that time period. 

Staff interviews with local and regional officials indicated that construction of SONGS 2 
and 3 has had no impact on cities within 24 km (15 mi) of the site. Representatives of 
Southern California Association of Governments stated that it was doubtful that any signif­
icant impact attributable to plant construction could be identified in Orange County. The 
facts that (1) the majority of the work force commuted to site, (2) there was widespread 
busing to and from Orange County, Oceanside, Vista, Escondido, and San Diego, and (3) the 
region is currently experiencing rapid population growth support the staff's judgment that 
no significant social impact has occurred or is likely to occur due to in-migration of 
construction workers. 

Cessation of large construction projects can result in varying degrees of economic disloca­
tion to an area, especially if a previously underdeveloped commercial and service structure 
is expanded to meet the requirements of a large, short-term population influx. The southern 
California area has a well-developed infrastructure; thus, ending the construction phase 
of SONGS 2 and 3 is not expected to produce significant economic dislocation. 

5.6.3 Impact of the operating labor force 

The operation of SONGS 2 and 3 will employ about 200 workers. Table 5.10 provides an esti­
mate for typical operating personnel requirements and types of employment positions at a 
two-unit pressurized-water reactor (PWR). The operations positions will be filled first 
by current members of I.B.E.W. Local No. 246. Positions unfilled will be otfered to all 
Southern California Edison (SCE) employees, and if the position remains unfilled, SCE will 
advertise in local and regional newspapers (ER, p. S.2-175). Because of the diversified 
labor markets of Los Angeles and San Diego, the staff believes that at least 75% of these 
workers can be hired from within a 96-km (60-mile) radius of the site. 

The applicant conducted surveys in March 1976 to determine the residential location of SONGS 
workers. Seventy-five percent of these workers lived within 40 km (25 miles) of the San 
Onofre site, and 65% resided in Orange County, 30% in San Diego County, and 5% in Los Angeles 
and Riverside counties (ER, Appendix SA, p. 10). The surveys further indicated that the 
cities of Carlsbad, Oceanside, San Clemente, San Juan Capistrano, and Vista were the major 
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Table 5.10. Operati!lll perSDnnel for a two-unit PWR 

Plant superintendent 
Assistent plant superintendent 

2 Safety engineers 

Quality assurance steff 
1 Superintendent 
4 Engineers 
6 Engineering aides 

Administrative services 
1 Superintendent 
1 Assistant superintendent 
3 Payroll clerks 
9 StenograPhers and file clerks 
7 Janitors 

Industrial engineer 
Nurse 

Health Pflysics staff 
1 Superintendent 
2 Technicians 
1 Clerk 

Security staff 
1 Superintendent 
1 Assistant superintendent 
9 Security officers 

Operations 
Control room steff 

1 Superintendent 
1 Assistent superintendent 
1 Training coordinator 
5 Clerks 
6 Shift engineers 

10 Assistant shift engineers 
15 Unit operators 
18 Assistant unit operators 

Communications engineering steff 
2 Engineers 
3 Engineering aides 

Warehouse staff 
1 Superintendent 
1 Assistant superintendent 
5 Clerks 
1 Truck driver 

E1111ineering section 
1 Superintendent 
3 Instrument engineers 
3 Instrument engineering aides 
2 Senior instrument mechanic foremen 

20 Mechanics 
2 Mechanical engineers 
3 Mechanical engineering aides 
1 Reactor engineer 
1 Reactor engineering aide 
2 Nuclear engineers 
1 Chemical engineer 
9 Chemical engineering aides 

Maintenance staff 
1 Superintendent 
1 Assistant superintendent (electrical} 
1 Assistant superintendent (mechanical) 
2 Mechanical maintenance engineers 
1 Electrical maintenance engineer 
3 Engineering aides 

Tr;ldes and labor staff 
1 Machinist foreman 

11 Machinists 
1 Boiler·maker foreman 
5 Boiler makers 
1 Steam-fitter foreman 

12 Steam fitters 
1 Electrician foreman 

10 Electricians 
1 Labor foreman 

10 Laborers 
2 Truck drivers 
2 carpenters 
2 Sheat metal workers 
2 Painters 
2 Insulators 
1 Structural iron worker 

Source: Tennessee Valley Authority, Department of Planning, Chattanooga, Tenn., 

1977. 

communities of worker residence. The staff estimates that approximately the same pattern 
of location will occur with SONGS 2 and 3 workers as· occurred with SONGS 1 workers. 

Between 1973 and 1980, northern San Diego County was expected to have a population increase 
of about 22,000. From 1975 to 1980 southern Orange County was projected to grow by about 
21,000 persons. Assuming that all operations workers relocated to the area, the staff 
concludes that the addition of 200 workers and their households represents a negligible 
effect. 

The staff cannot determine precisely the number of workers who will (1) relocate from outside 
the a~ea or (2) choose to move from within the 96-km (60-mile) radius to a residence closer 
to the plant. In order to predict the·maximum possible impact on housing in the area, the 
staff assumes that all of the workers will relocate and thus require housing. A relocating 
operations force will likely demand permanent housing. From Table 5.11, it appears that 
housing availability in Orange and San Diego counties is sufficient to provide diversity 
in location for all operations workers' households. The table further indicates that, based 
on the number of vacant units in 1976, a surplus of housing exists in each of the communities 
expected to house workers. 

Estimates on the location of SONGS 1 worker indicate SONGS 2 and 3 households will likely 
contribute to increased enrollments in the school districts of Carlsbad, Capistrano, Oceanside, 
Saddleback Valley, and Vista. The total additional ·enrollment at all five school districts 
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Table 5.11. Housing availability in Orange and San Diego counties 

Communities 

Orange County total 
San Clemente 
San Juan Capistrano 
Saddleback (Irvine) 
Other unincorporated areas 

San Diego County total 
Carlsbad 
Oceanside 
Vista 
Other unincorporated areas 

Residential dis· 
t~ibution of house­

holds SONGS 2 & 3 

127 
32 
41 
22 
32 

61 
11 
25 
20 
5 

Source: ER, Suppl. 2, Table 89-A, p. S.2-178. 

Number of existing 
dwelling units 

as of Jan. 1, 1976 

592,932 
10,636 
4,561 

11,102 
76,260 

547,708 
9,111 

20,835 
12,539 

108,841 

Number of 
vacant units as 
indicatad by 

number of idle 
electric meters 

for Jan. 1, 1976 

10,080 
170 
73 

178 
1,220 

8,783 
200 
458 
276 

2,395 

will be about 105 students (ER, Appendix A, p. 20). The community college districts of 
Oceanside-Carlsbad, Palomar, and Saddleback will likely increase their enrollments by approx­
imately 20 to 25 students (ER, Appendix SA, p. 20). The staff concludes that this estimated 
increased enrollment represents a negligible impact on the school districts. 

Operations employment at SONGS 2 and 3 will be relatively high-paying, stable work. About 
87% of the total work force will have gross incomes in excess of $15,000 per year (ER, 
Appendix 8A, p. 15). The annual average income in 1976 dollars for a SONGS 2 and 3 household 
will be about $20,800. This compares to a median family income in 1980 for San Diego and 
Orange counties of $21,500 and $26,200 respectively. SONGS 2 and 3 households are expected 
to contribute to the economic activity of the area. Total taxable retail expenditures by 
households of operations employees are estimated to be about $855,000 per year (ER, p. 5.2-176). 
In addition, those workers who build homes will contribute further to the economic activity 
of the area. 

5.6.4 Economic impacts 

The staff believes that the major economic impact associated with the operation of SONGS 2 
and 3 will be a result of tax revenues generated by the plant. These taxes include property 
tax, state income tax, utility users tax, franchise tax payments, and sales and use taxes. 
The analysis presented here differs from that presented earlier in the DES by taking into 
account the impacts of the Jarvis-Gann Amendment (Proposition 13). The following discussion 
is based on two important assumptions. (1) The method of determining xhe value of state­
regulated utility systems, currently before the State Court of Appeals, will be decided in 
accordance with the decision of the State Board of Equalization. Accordingly, SONGS 2 and 3 
will be assessed on current market value, based on historical methods of valuation rather 
than on the 1975-76 base year as prescribed in Proposition 13. (2) The allocation of tax 
revenues among the various funds and districts within the county will remain roughly the 
same as at present. 32 Changes in either of the above conditions in the future may result 
in significant variation from the situation described here. 

Under Proposition 13, neither the assessed value of the SONGS 2 and 3 units nor their annual 
tax liability differs greatly from the figures presented in the DES. Earlier projections 
were for an assessed valuation of $348 million in 1976 dollars (ER, Appendix 8-A, p. 4) 
and an annual property tax payment of $13.1 million (DES, Sect. 5.6.4). Current calculations 
show an eventual assessed value of $326 million in 1979 dollars and an annual tax of approxi­
mately $13 million (Table 5.12). At present, current construction at SONGS 2 and 3 is already 
assessed at roughly $100 million and is generating $4 million yearly in property tax revenues. 
The remaining $9 million in property taxes will be added as construction is completed. 32 

While the total tax burden is not significantly different under the terms of Proposition 13, the 
distribution of the resulting revenues is. Previously, it was projected that nearly all of the 
$13 million in property taxes generated by SONGS 2 and 3 would go to the County General Fund, 
the County Library Fund, and three local school districts in the immediate vicinity of the plant­
Fallbrook Union Elementary, Fallbrook Union High, and Palomar Community College (DES, 
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Table 5.12. Projected impacts of SONGS 2 & 3 on San Diego County property tax revenues 

Assessed value 

Annual taxes 

San Diego County 

$7,775.5 million' 

$311 millioo2 

SONGS2&3 

$326 million• 

$13 million• 

Total: County plus SONGS2&3as 
SONGS 2 & 3 % of total 

$8,101.5 rpillion 

$324 million 

4.0% 

4.0% 

'For FY 1978-79, not counting $100 million of SONGS 2 ~ 3 construction currently on tax rolls. 
2For FY 1978-79, not counting ~4 millfon currently received for SONGS 2 & 3 construction. 
3As of project completion, in 1979 dollars. 
Source: Letter from J. H. Drake, Southern California Edison Co., toW. H. Regan, Jr., U.S. NRC, dated 

April 17, 1979. 

Sect. 5.6.4). Now, however, the ,new revenues will be distributed throughout the county on 
the basis of the historical property tax revenue relationships between all the various funds 
and districts. Accordingly, the five entities named above will receive roughly one-fourth 
of the plant-induced taxes, or $3.4 million, because this is the proportion of all county 
funds they have traditionally received. The remaining $9.6 million will go to other recipients 
county-wide. Because of this widespread distribution, the property taxes paid by SONGS 2 
and 3 will not bring a large windfall to any single district but, rather, a modest 4.0% 
increase to all county funds and districts over pre-construction receipts (2.9% over the 
present situation where $100 million of plant construction is already on the tax rolls). 
The debt service rate of the three previously named school districts will be reduced as a 
result of plant induced revenues but this represents a very small part of the total property 
tax. 32 

Sales and use taxes payable to the State of California are levied at 6% of the retail or 
use value of fixtures, equipment, machinery, and materials purchased either in or outside 
of the State of California and placed in use within the state. For every 6 cents collected, 
1.25 cents is allocated to counties and cities. The state tax on nuclear fuel for SONGS 2 
and 3 is expected to be about $2.5 million per year. In addition, $415,000 in sales tax 
for materials will be paid in 1981, the first year of operation (ER, Appendix SA, p. 8). 

Over the operating life of SONGS 2 & 3, about $66 million in California state corporate 
income taxes will be paid by the applicant. California also has a City Utility Users Tax 
that, although it is difficult to determine the proportion for which SONGS 2 & 3 are directly 
responsible, is estimated to increase by $1.6 million per year (ER, Appendix SA, p. 8). 
This tax varies for each city, and the revenues are not earmarked for any particular purposes. 

The California Energy Resources Surcharge is included in the retail customer's bill and is 
collected by the utility. The current surcharge is $0.00015 per kilowatt-hour. The revenues 
collected are placed in the State Energy Resources Conservation and Development Special 
Account in the General Fund in the State Treasury by the State Board of Equalization. All 
funds in the account are to be expended for the purpose of carrying out the provisions of 
the Warren-Alquist State Energy Resources Conservation and Development Act. 

5.6.5 Impact on recreational resources 

In the early 1960s the applicant secured a leasehold from the U.S. Marine Corps at Camp 
Pendleton. During construction of SONGS 1, the Marine Corps released about 5.6 km (3.5 miles) 
of beach front to the State of California to be maintained as San Onofre State Beach. When 
this park opened in 1971, an additional 2440 m (8000 ft) of beach front had gained public 
access. Of this, 1370 m (4500 ft) are on the applicant's leasehold and the remaining 1070 
m (3500 ft) are immediately north of the plant site, comprising another section of the state 
beach. 

In order to comply with NRC regulations regarding the siting of nu~lear power plants set 
forth in 10 CFR Part 100, the applicant proposes to control recreational activities on the 
beach for•a distance of about 1.4 km (0.85 mile) adjacent to the station (ER, Sect. 2. 1.2). 
Access to this area will be permitted for the purpose of viewing the barrancas and bluffs 
south of the station and for pedestrian passage between the public beach areas north and 
south of the station. Recreational activities, such as sunbathing or picnicking, will not 
be permitted within the landward portion of this restricted area. To facilitate passage 
between the beaches, a walkway will be constructed through the restricted area adjacent to 
the seawall. This walkway will be 4.6 m (15 ft) wide, will be bounded by a 2.4-m (8-ft) 
chain link fence, and will be used only for passage through the restricted area. It is 
the judgment of the staff that the fence proposed by the applicant is inappropriate in light 
of the scenic nature of the area and that a less aesthetically objectionable way should be 

SCE-SER 000414

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 132 of 300
(423 of 2110)



5-37 

sought to restrict access to the beach. Therefore, it is recommended that the applicant 
consider alternate methods of beach enclosure that will safely restrict access in a manner 
compatible with the scenic nature of this area. 

In the Final Environmental Statement required for the construction permit of SONGS 2 and 3, 
the staff stated, "Use of the beach will not be restricted after construction is 
complete" (FES-CP, p. 2-11). The current plan to restrict use of approximately 1.4 km 
(0.85 mile) of the beach front for the 30-year operating life of the plant is a significant 
loss of valuable recreational and scenic space and represents a substantial change in 
action between issuance of the FES-CP and application for an operating license. The staff 
further stated, "The beach in the vicinity of the Station (5639 m (18,500 ft) south 
and 1036 m (3400 ft) north) is considered to be a unique and scarce recreational resource," 
(FES-CP, p. 2-11) and "Closure for even a brief period is objectionable" (FES-CP, 
p. 8-1). The loss of this resource precludes recreational benefits to significant numbers 
of beach users in the vicinity of San Onofre Beach. The staff reiterates those judgments 
and concludes that the current plan to restrict the public's use of this beach is a signif­
icant cost of the project, unanticipated at issuance of the construction permit. This impact 
is not sufficiently adverse, however, to warrant denying an operating license. 

While all state beaches in the Pendleton coast area experienced increased usage in recent 
years, the attendance at San Onofre State Beach has risen significantly faster than at the 
other facilities. Between 1972 and 1978, the annual number of visits to the San Onofre 
State Beach rose by 98% while San Clemente and Doheny State Beaches showed increases of 
46% and 25%, respectively (ER, Appendix SA, Table 24, and Reference 32). As demand on 
available recreational resources increases, the significance of removing the beach in front 
of SONGS 2 & 3 from unrestricted public use will increase. 

5.6.6 Emergency planning impacts 

The applicants are currently revising the Emergency Plan, San Onofre Nuclear Generating 
Station Units 2 and 3 in accordance with 10 CFR Part 50, as amended July 23, 1980, as well 
as the recommended criteria contained in NUREG-0654. The staff believes the only noteworthy 
potential source of impact on the public from emergency planning would be associated with 
the siren alert system. The system will be designed to provide a minimum lOdb dissonant 
differential from the ambient noise levels. The maximum sound level received by any 
member of the public should be lower than 123db. A complete cycle test will be required 
annually. The test requirements and alarm noise levels are consistant with those used for 
existing alert systems; therefore the staff concludes that the noise impacts associated 
with the siren alert system will be infrequent and insignificant. 

5.6.7 Summary and conclusion 

The staff concludes that, with the significant exception of restricting public use of 1.4 km 
(0.85 mi) of the San Onofre beach, the social and economic impact of operating SONGS 2 & 3 
will be moderate. The large population within 96 km (60 miles) of the site and the projected 
population growth in the area is such that the addition of all 200 workers and their families 
would represent negligible impact to the area. Under the terms of Proposition 13, the 
property tax revenues received by the various funds and districts in San Diego County will 
be relatively small in proportion to existing revenues. 
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6. ENVIRONMENTAL MONITORING 

6.1 SUMMARY 

The applicant has expanded its San Onofre Unit 1 environmental monitoring program (biological, 
chemical, physical, and thermal) to determine environmental effects which may occur as 
a result of site preparation and construction of Units 2 and 3 and to establish an 
adequate preoperational baseline by which the operational effects of Units 2 and 3 may 
be judged. 

The aquatic preoperational environmental monitoring program for SONGS 2 and 3 was 
approved by NRC and implemented by the applicant in April 1978. The NRC-approved program 
terminated in September 1980. However, all NPDES permit monitoring program requirements 
will continue to be met until an approved operational monitoring program is implemented. 
Results of the preoperational monitoring program will be used in formulating the opera­
tional monitoring program, which the applicant will submit for approval by the California 
Regional Water Quality Control Board to be incorporated in the NPDES permit monitoring 
program. 

The environmental monitoring programs presented here differ somewhat from the description 
in the FES-CP. More detailed information is given here than in the FES-CP. Two state 
agencies, the California Regional Water Quality Control Board and the California Coastal 
Commission, have imposed environmental monitoring requirements in the vicinity of the 
San Onofre Station. NRC has discussed the results of its environmental review with the 
State agencies and has provided the State with recommendations for monitoring. The 
sections which follow include NRC staff recommendations based on its environment~ 
review. However, requirements for non-radiological monitoring of the aquatic environment 
will be the responsibility of the State. 

6.2 PREOPERATIONAL ENVIRONMENTAL PROGRAMS 

The results from the preoperational monitoring program for Units 2 and 3 will be 
submitted with the Annual Operating Report for Unit 1. 

6.2.1 Aquatic biological monitoring program 

The applicant's preoperational aquatic biological monitoring program was designed to 
determine the species composition, abundance, and the temporal and spatial distribution 
of phytoplanKton, zooplanKton, ichthyoplanKton, neKton, benthos, Kelp beds, and intertidal 
organisms. The data obtained will be used to provide a basis for comparison with future 
operational monitoring data to determine if plant operation has caused observable pertur­
bations ;, the ecosystem. 

The possible operational impacts identified in this document and the FES-CP include: 
changes in local planKton populations due to entrainment; changes in the abundance of 
fish eggs, larvae, juveniles, and adults due to entrainment; adult fish population 
shifts due to fish impingement; alterations in some of the benthic and fish communities 
from thermal discharges; and changes in benthic and planKtonic communities from increased 
turbidity. Thus, results from the preoperational and operational monitoring programs 
will be used to determine the extent to which the above effects occur. 

6.2.1.1 PhytoplanKton and zooplankton 

Phytoplankton and zooplankton were sampled bimonthly. Samples were collected from at 
least four fixed stations, one each in zones OB, 1B, 2B and 6 (Figure 6.1). A pump 
system is used to sample the water column and a 202 ~m mesh-size screen is used to 
collect the zooplankton. Zooplankton biomass is determined and predominant species are 
enumerated. Chlorophyll analyses are performed on whole-water samples. Collections are 
coordinated, as much as possible, with the collection of pertinent physical data such as 
temperature, ~ransparency, and current velocity and direction. 

6-1 
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Fig. 6.1. Environmental monitoring stations for SONGS 2 and 3 preoperational monitoring 
program. Source: ER, Apendix 6A, Figs. 1 and 2. 
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The staff recommends that predominant phytoplankton genera also be enumerated to provide 
baseline conditions for this group. This would enable, for example, the determination 
of whether operation of the facility promotes red tide development (see Sect. 5.3.2, 
FES-CP). 

6.2.1.2 Ichthyoplankton 

Ichthyoplankton will be collected monthly at two stations in the Units 2 and 3 discharge 
area, zone OB, and at two stations in the reference area, either zone 5 or 6. Additionally, 
the Unit 1 intake area will be sampled. The study began approximately two years prior 
to initial operation of Unit 2 and lasted one year. Sampling was conducted during the 
day, at night, at dawn, and at dusk at the intake; night sampling was employed at the 
other locations. The water surface, water column, and epibenthos was sampled at each 
station. Fish larvae were identified to the lowest taxon possible and enumerated. Fish 
eggs were sorted and enumerated .. 

A study by the Marine Review Committee (MRC) was initiated in July 1976 (see Section 6.4.2) 
to assess the distribution, abundance, and entrainment of ichthyoplankton at SONGS 1. 
It is expected that data acquired from this work will also help characterize the SONGS 2 
and 3 environment. 

6.2.1.3 Nekton 

Replicate fish samples were collected on a quarterly basis from at least two stations in 
zone OB, two in zone 5, two in the control zone, zone 6 (Figure 6.1). The gill nets used 
were 2- by 46-m (6- by 150-ft) full size, containing six 7.5-m (25-ft) panels of 19.05-, 
25.4-, 31.75-, 38.1-, 44.5-, and 63.5-mm (3/4-, 1-, 1-1/4-, 1-1/2-, 1-3/4-, and 2-1/2-in.) 
bar mesh. The fish were measured, their state of health was assessed, and sexual matura­
tion was determined on subsamples. Synoptic measurements of temperature and transmissivity 
were taken at each station. 

6.2.1.4 Benthos 

Benthic samples were .collected quarterly at at least two stations within each of zones 
OB, 28, 6 and 5 (or zones 3A and/or 38) (Fig. 6.1). Permanent sampling stations exist 
in which a 6-m2 (64.56·ft2) sampling area has been established. Each sampling area 
contains '300 evenly spaced contact points which are used to estimate the distribution 
and relative abundance of sessile invertebrates, large motile invertebrates and macrophytes. 
Species enumeration and substrate type are recorded for each contact point. Additionally, 
four 0.125 m2 (1.35-ft2) quadrants are randomly placed within the sampling area to evaluate 
the distribution and abundance of small, clumped, or patchily distributed organisms. 
General observations to be recorded during sampling include: quantity and composition 
of drift algae, conspicuous or sparsely distributed biota not sampled with the point 
contact method, and substrate alteration (e.g., increased sedimentation). Selected 
species which are enumerated will be measured, and their general condition recorded. 
Procurement of some of the physical data, such as temperature and turbidity, will be 
coordinated with the benthic sampling program. 

6.2.1.5 Intertidal organisms 

Although not a required component of the preoperational monitoring program, quarterly 
observations were made along cobble intertidal transects at four monitoring stations and 
one control station. Predominant macroscopic species and substrate composition were 
identified and enumerated within three permanent 0.25-m2 (2.69-ft2) quadrats along a 
line perpendicular to the beach. Photographs were also taken of each quadrat for a 
permanent record of any possible ecological changes. 

The staff believes that it is unnecessary to begin the intertidal sampling program until 
the time of removal of the construction apron from SONGS 2 and 3 (See FES-CP, Sect. 4.3.2, 
p. 4-9). At that time the intertidal monitoring program should be reinstated to assess 
the effect of the added sand movement in the intertidal zone. Provided the data show no 
significant effects, this program may be terminated after all translocation of sand has 
occurred or after two years. Until the time of apron removal, visual inspection of the 
intertidal zone will be sufficient, with biological sampling and laboratory analysis 
initiated only if needed. Deletion of the intertidal program may be reasonable during 
operational monitoring because of the extensive impact sustained by the intertidal area 
from activities unassociated with SONGS (Sect. 2.5.2.4) and because of the unlikely 
potential for any significant impact resulting from SONGS operation. 
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6.2.1.6 Kelp beds 

The three kelp beds, San Mateo, San Onofre, and Barn, located near SONGS (Fig. 6.1) are 
being studied. A brief outline of the scope of effort at the three kelp beds is as follows: 

1. Three benthic stations are located in and about the San Onofre kelp bed and one each at 
Barn kelp and San Mateo kelp. Stations are quantitatively assessed quarterly. 

2. Kelp canopies and rock substrate are mapped for areal extent on a quarterly basis. 

3. Water nutrient analysis for ammonia, nitrates, nitrites, and phosphate are taken 
monthly at all three beds. Water samples are taken from the surface and bottom from 
within each bed and offshore of each bed. An additional offshore station serves as a 
monitoring area for upwelling. 

4. Kelp tissue analysis for nutrient content is conducted on a monthly basis at all three 
kelp beds. Each leaf is analyzed for nitrogen content. 

5. An assessment of the health of-the kelp plants in the three beds is made on a quarterly 
basis. Parameters assessed include: success of juvenile recruitment, density of kelp 
plants, amount of encrusting organisms and grazing by herbivores and abundance of 
senile and diseased plants. 

6. Aerial infra-red photographs of the three kelp bed canopies will be taken on a monthly 
basis. 

6.2.2 Water quality monitoring program 

The preoperational water quality monitoring program is an expansion of the existing program 
required by the Environmental Technical Specifications for SONGS 1. This program is designed 
to establish baseline characteristics of selected oceanographic parameters for comparison 
with data obtained during the operation of SONGS. This comparison will allow determination 
of the extent to which SONGS operation alters water quality. Those parameters identified in 
the FES-CP and in this document which might be altered. include: pH, temperature, turbidity, 
certain heavy metals, and dissolved oxygen. 

Sea water temperature-depth profiles are measured bimonthly at stations in the area of the 
Units 2 and 3 diffusers and at a reference station outside of the area of predicted thermal 
influence. Stations are as follows: two within each of zones lB, 2B, lC, OC, 2C, and 6, 

·six stations within zone OB (Fig. 6.1). Additionally, sea water temperatures are continuously 
monitored near the surface, at mid-depth, and near the bottom at a permanent station in zone 
OB. Temperatures from each depth are recorded hourly. The accuracy of the system is ±0.5 
degrees centigrade, ±30 minutes per month. 

Turbidity is monitored bimonthly at two stations within each of zones lB, 2B, lC, OC, 2C, 
and ·6, and at six stations within zone OB (Fig. 6.1). The pH is monitored bimonthly at four 
sampling stations- one in each of zones OB, lB, 2B, and 6. Dissolved oxygen is measured 
bimonthly at four stations - one in each of zones OB, lB, 2B, and 6. 

Mid-depth ocean water samples and grab samples of ocean bottom sediments are collected 
quarterly in the area of the Units 2 and 3 diffusers and an appropriate control area for 
analysis of heavy metals. One station in each of zones lB, 2B, OB, and 6 is sampled. 
Samples will be analyzed for chromium, iron, and titanium. Copper will not be monitored as 
the applicant has indicated that SONGS 2 and 3 will have titanium condenser tubing. 

The staff considers this program adequate with the following additions: (1) the water 
quality data should be collected within a two-day period at maximum to permit station-by­
station comparisons and the investigation of possible cause and effect relationships, and 
(2) all control samples should be collected from an area predicted to be unaffected by any 
discharge effect. 

6.2.3 Terrestrial monitoring program 

The baseline terrestrial environmental monitoring program for the FES-CP was very nominal. 
As a condition of the construction permit, the applicant expanded its terrestrial monitoring 
program to establish an adequate preoperational baseline by which the operational effects of 
SONGS 2 and 3 may be judged. Biological data were collected seasonally in order to document 
changes in the biotic communities over a one-year time span. Methods utilized included 

SCE-SER 000422

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 140 of 300
(431 of 2110)



6-5 

small mammal trapping; bird censusing; observations of reptiles, amphibians, and large 
mammals; plant species lists; and vegetation analyses using the line intercept and quadrat 
methods. Results of this expanded monitoring program are presented in Sect. 2.5.1. 

The applicant has proposed and is currently monitoring areas of cut and fill associated with 
construction of the plant and transmission lines to detect areas of erosion (ER, Appendix 6A, 
Special Studies I). Visual inspections are conducted and documented biweekly; any erosion 
resulting from the applicant's construction activities will receive appropriate corrective 
action. 

6.2.4 Radiological monitoring program 

Radiological environmental monitoring programs are established to provide data on measurable 
levels of radiation and radioactive materials in the site environs. Appendix I to 10 CFR 
Part 50 requires that the relationship between quantities of radioactive material released 
in effluents during normal operation, including anticipated operational occurrences, and 
resultant radioactive doses to individuals from principal pathways of exposure be evaluated. 
Monitoring programs are conducted to verify the effectiveness of in-plant controls used for 
reducing the release of radioactive materials and to provide public reassurance that undetected 
radioactivity will not build up in the environment. A surveillance program is established 
to identify changes in the use of unrestricted areas to provide a basis for modifications of 
the monitoring programs. 

The preoperational phase of the monitoring program provides for the measurement of background 
levels and their variations along the anticipated important pathways in the area surrounding 
the plant; the training of personnel; and the evaluation of procedures, equipment, and 
techniques. 

This is discussed in greater detail in NRC Regulatory Guide 4.1, Rev. 1, "Programs for 
Monitoring Radioactivity in the Environs of Nuclear Power Plants," and the Radiological 
Assessment Branch Technical Position, August 1977, "Standard Technical Specification for 
Radiological Environmental Monitoring Program." 

The applicant has proposed a radiological environmental monitoring program to meet the 
objectives discussed above. The applicant's proposed preoperational radiological environmental 
monitoring program is presented in Sect. 6.1.5 of the applicant's Environmental Report. 

The applicant proposes to initiate parts of the program two years prior to operation of the 
facility, with the remaining portions beginning either six months or one year prior to 
operation. 

The staff concludes that the radiological preoperational monitoring program proposed by the 
applicant is acceptable. 

6.2.5 Onsite meteorological monitoring programl• 2 •3 

The original onsite meteorological program began in late 1964 with wind measurements at the 
top of a 19.5-m (64-ft) mast. In December 1970, the current meteorological monitoring 
program began with the installation of a 36.6-m (120-ft) tower atop the coastal bluff about 
100 m (330 ft) west-northwest from the Unit 1 containment and 420 m (1380 ft) west-northwest 
of the Unit 2 containment. In October 1975 the tower was extended to a height of about 43 m 
(140ft). Table 6.1 describes the kinds of measurements and their elevations on the tower 
between 1970 and the present. 

Southern California Edison Company also conducted an onshore tracer test program at the San 
Onofre site. Among the objectives of the program were (1) to evaluate the appropriateness 
of using data measured on the existing site meteorological tower located on the coastal 
bluff for making dispersion estimates for onshore flows, and (2) to characterize dispersion 
representative of meteorological conditions during routine plant releases. NUS-19273 describes 
the test program and data. 

On the basis of our analysis of the test data, we conclude that the wind and vertical 
temperature data measured on the San Onofre onsite (bluff) tower are acceptable for use in 
calculating atmospheric dispersion estimates for the· site vicinity using the staff's model, 
described in Sect. 2.4.4. 
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Table 6.1. SONGS onsite meteorological instrumentation 

Period 

December 1970-January 1973 

January 1973-0ctober 1975 

October 1975-present 

Measured parameter 

Wind direction, speed 
and standard deviation 

Dry bulb vertical temperature 
gradient 

Wind direction and speed 
Wind direction standard 

deviation 
Dry bulb temperature8 

Wet bulb temperaturJ' 
Dry bulb vertical gradient 

Wind direction and speed 
Wind direction standard 

deviation 
Dry bulb temperature 
Dry bulb vertical gradient 

Elevation above ground 

Meters Feet 

36.6 120 

36.6-6.1 120-20 

10.36.6 33, 120 
36.6 120 

6.1 20 
6.1 20 
36.6-6.1 120-20 

10, 20,c 40 33,66,131 
10 33 

10 33. 
40-Hf 131-33 
36.6-6.1c 120-20 ____________________ , _________________ , __ -----·----------

8 1nstalled January 1974. 
b Installed January 1974, removed January 1975. 
cTemporary. 
dTwo sets of instruments. 

6.3 OPERATIONAL MONITORING PROGRAMS 

6.3.1 Aquatic biological monitoring program 

The aquatic biological operational monitoring program will contain sampling programs which 
are extensions of the baseline and preoperational programs so that analyses can readily be 
made of the changes, if any, that occur in the aquatic environment due to plant operation. 
Thus, the ichthyoplankton study now being conducted and the required kelp preoperational 
program should be continued during operation of the facility until such time as it is 
possible to state credibly that no significant impacts result from the facility. 

The new fish return system (Sect. 3.2.2) is expected to be about 90% effective according to 
laboratory models (ER, p. 5. 1-20). Precise figures on its effectiveness-will not be available 
until it is operated in conjunction with the heat dissipation system. The staff recommends 
that the applicant include a program for optimizing the effectiveness of the fish return 
system. This should include consideration of the delayed mortality of the fish successfully 
diverted by the fish return system by holding them for 48 to 96 hours before returning them 
to the ocean. 

Consideration of deletion of the intertidal sampling program from the operational monitoring 
program for SONGS 2 and 3 is discussed in Sect. 6.2. 1.5. 

6.3.2 Water guaiity monitoring program 

The water quality operational monitoring program is a continuation of the existing preoperational 
water quality monitoring program (Sect. 6.2.2). This continuity will allow for confirmatory 
monitoring to assess any possible changes to water quality due to operation of San Onofre 
Ullits 2 and 3. 

The NRC and the California Regional Water Quality Control Board, San Diego Region (CRWQCB) 
have worked in a cooperative manner in order to develop the preoperational monitoring 
program for SONGS 2 and 3. NRC and CRWQCB have agreed to continue to work together to 
establish an operational phase NPDES permit which will incorporate the aquatic concerns from 
each regulatory group. 

6.3.3 Terrestrial monitoring program 

The applicant does not have an operational terrestrial monitoring program. The staff does 
not recommend any operational monitoring of floral or faunal species because no significant 
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effects have been identified between the operation of SONGS 2 & 3 and the terrestrial environ­
ment. The California Coastal Commission, however, requires the applicant to protect the 
bluffs 0.5 km (0.31 mile) south of the plant site for the duration of the site easement 
(expiration date, May 1, 2023) (ER, Appendix l2B). 

6.3.4 Radiological monitoring program 

The operational offsite radiological monitoring program is conducted to measure radiation 
levels and radioactivity in the plant environs. It assists and provides backup support to the 
detailed effluent monitoring (as recommended in NRC Regulatory Guide 1.21, "Measuring, Evalua­
ting, and Reporting Radioactivity in Solid Wastes and Release of Radioactive Materials in 
Liquid and Gaseous Effluents from Light-Water Cooled Nuclear Power Plants") which is needed to 
evaluate individual and population exposures and to verify projected or anticipated radio­
activity concentrations. 

The applicant plans essentially to continued the proposed preoperational program during the 
operating period. However, refinements may be made in the program to reflect changes in land 
use or preoperational monitoring experience. 

6.3.5 Meteorological monitoring program 

The applicant plans to continue the program begun for the construction permit evaluation. The 
onsite meteorological tower provides data in accordance with the recommendations of Regulatory 
Guide 1. 23, "Onsite Meteorological Programs." Furthermore, operating technical specifications 
require meteorological monitoring as a condition of operation. 

6.4 RELATED ENVIRONMENTAL RESOURCE DATA 

6.4. 1 Thermal exception studies 

As a condition of the exception to the State Thermal Plan granted by the California Regional 
Water Quality Control Board, San Diego, the applicants are required to perform studies to 
determine the optimum mode of heat treatment to control fouling organisms while minimizing 
adverse effects on marine life and to permit the Regional Board to set precise limits on the 
frequency, degree, and duration of heat treatment. These studies were submitted to the State 
Water Resources Control Board on January 31, 1979. On December 18, 1980, the Board determined 
that the studies fulfilled the conditions set earlier and further determined that the heat 
treatment operating conditions proposed by the applicant will assure the protection and 
propagation of a balanced, indigenous population of shellfish, fish, and wildlife within the 
meaning of Section 316(a) of the Clean Water Act. 

6.4.2 Marine Review Committee studies 

The California Coastal Commission specified in the Coastal Zone Permit issued in 1974 for 
SONGS 2 and 3 that an extensive study be conducted at San Onofre. The study program is funded 
by the utility and is being administered by a three-member Marine Review Committee (MRC) 
appointed by the Coastal Commission. The intent of the program is to provide an independent 
assessment of the marine environment and a prediction of the potential impact of SONGS 2 and 
3. The MRC has identified the following areas for study: physical, oceanographic, and 
ecological monitoring and modeling; plankton- far field effects and entrainment; fish 
populations, impingement, and diversion; and benthic communities, intertidal zone organisms, 
and kelp beds. 

MRC has conducted studies at SONGS 2 and 3 in some of the above mentioned areas since August 
1976. In November 1980 the MRC issued a report containing its reco~endations, predictions, 
and rationale. The conclusions of the MRC are essentially consistent with those of the staff 
as described in Section 5 of this statement. Although noting uncertainties, the MRC has 
concluded that it does not predict at this time that substantial adverse effects on the marine 
environment are likely to occur from the operations of the SONGS cooling system. Accordingly, 
the report recommends no design changes but does recommend continued monitoring of the aquatic 
community to ensure that there is no serious ecological damage, especially to the kelp beds, 
as a result of plant operation. (See Appendix E for the options and recommendations of the 
Marine Review Committee.) 

6.5 CONCLUSIONS 

The preoperational and operational monitoring programs as described above give adequate 
attention to impacts discussed in this environmental impact statement. 
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7. ENVIRONMENTAL IMPACT OF POSTULATED ACCIDENTS 

7.1 PLANT ACCIDENTS 

The staff has considered the potential radiological impacts on the environment of possible 
accidents at the San Onofre Nuclear Generating Station Units 2 and 3 in accordance with 
a Statement of Interim Policy published by the Nuclear Regulatory Commission on June 13, 
1980. 1 The following discussion reflects these considerations and conclusions. 

The first section deals with general characteristics of nuclear power plant accidents 
including a brief summary of safety measures to minimize the probability of their occurrence 
and to mitigate their consequences if they should occur. Also described are the important 
properties of radioactive materials and the pathways by which they could be transported 
to become environmental hazards. Potential adverse health effects and impacts on society 
associated with actions to avoid such health effects are also identified. 

Next, actual experience with nuclear power plant accidents and their observed health effects 
and other societal impacts are then described. This is followed by a summary review of 
safety features of the San Onofre Units 2 and 3 facilities and of the site that act to 
mitigate the consequences of accidents. 

The results of calculations of the potential consequences of accidents that have been 
postulated in the design basis are then given. Also described are the results of calcula­
tions for the San Onofre site using probabilistic methods to estimate the possible impacts 
and the risks associated with severe accident sequences of exceedingly low probability 
of occurrence. 

7.1.1 General characteristics of accidents 

The term accident, as used in this section, refers to any unintentional event not addressed 
in Section 5.5 that results in a release of radioactive materials into the environment. 
The predominant focus, therefore, is on events that can lead to releases substantially 
in excess of permissible limits for normal operation. Such limits are specified in the 
Commission's regulations at 10 CFR Part 20 and 10 CFR Part 50, Appendix I. 

There are several features which combine to reduce the risk associated with accidents at 
nuclear power plants. Safety features in the design, construction, and operation comprising 
the first line of defense are to a very large extent devoted to the prevention of the 
release of these radioactive materials from their normal places of confinement within 
the plant. There are also a number of additional lines of defenses that are designed to 
mitigate the consequences of failures in the first line. Descriptions·of these features 
for the San Onofre Units 2 and 3 plant may be found in the applicant's Final Safety Analysis 
Report, 2 and in the staff's Safety Evaluation Report. 3 The most important mitigative 
features are described in Section 7.1.3.1 below. 

These safety features are designed taking into consideration the specific locations of 
radioactive materials within the plant, their amounts, their nuclear, physical, and chemical 
properties, and their relative tendency to be transported into and for creating biological 
hazards in the environment. 

7.1.1.1 Fission product characteristics 

By far the largest inventory of radioactive material in a nuclear power plant is produced 
as a byproduct of the fission process and is located in the uranium oxide fuel pellets 
in the form of fission products. These pellets are contained in the fuel rods which make 
up the fuel assemblies. During periodic refueling shutdowns, the assemblies containing 
these fuel pellets are transferred to a spent fuel storage pool so that the second largest 
inventory of radioactive material is located in this storage area. Much smaller inven­
tories of radioactive materials are also normally present in the water that circulates 
in the primary coolant system and in the systems used to process gaseous and liquid radio­
active wastes in the plant. 
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These radioactive materials exist in a variety of physical and chemical forms. Their 
potential for dispersion into the environment is dependent not only on mechanical forces 
that might physically transport them, but also upon their inherent properties, particularly 
their volatility. The majority of these materials exist as nonvolatile solids over a 
wide range of temperatures. Some, however, are relatively volatile solids and a few are 
gaseous in nature. These characteristics have a significant bearing upon the assessment 
of the environmental radiological impact of accidents. 

The gaseous materials include radioactive forms of the chemcially inert noble gases krypton 
and xenon. These have the highest potential for release into the atmosphere. If a reactor 
accident were to occur involving degradation of the fuel cladding, the release of substantial 
quantities of these radioactive gases from the fuel is a virtual certainty. Such accidents 
are very low frequency but credible events (see Section 7.1.2). It is for this reason 
that the safety analysis of each nuclear power plant analyzes a hypothetical design basis 
accident that postulates the release of the entire contained inventory of radioactive 
noble gases from the fuel into the containment structure. If further released to the 
environment as a possible result of failure of safety features; the hazard to individuals 
from these noble gases would arise predominantly through the external gamma r~diation 
from the airborne plume. The reactor containment structure is designed to minimize this 
type of release. 

Radioactive forms of iodine are formed in substantial quantities in the fuel by the fission 
process and in some chemical forms may be quite volatile. For this reason, they have 
traditionally been regarded as having a relatively high potential for release from the 
fuel. The chemical forms in which the fission product radioiodines are found are generally 
solid materials at room temperature, however, so that they have a strong tendency to 
condense (or "plate out") upon cooler surfaces. In addition, most of the iodine compounds 
are quite soluble in, or chemically reactive with, water. Although these properties do 
not inhibit the release of radioiodines from degraded fuel, they do act to mitigate the 
release from containment structures that have large internal surface areas and that contain 
large quantities of water as a result of an accident. The same properties affect the 
behavior of radioiodines that may "escape" into the atmosphere. Thus, if rainfall occurs 
during a release, or if there is moisture on exposed surfaces, e.g., dew, the radioiodines 
will show a strong tendency to be absorbed by the moisture. Because of radioiodine's 
relatively high solubility and distinct radiological hazard, its potential for release 
to the atmosphere has also been reduced by the use of special containment spray systems. 
If released to the environment, the principal radiological hazard associated with the 
radioiodines is ingestion into the.human body and subsequent concentration in the thyroid 
gland. 

Other radioactive materials formed during the operation of a nuclear power plant have 
lower volatilities and therefore, by comparison with the noble gases and iodine, a much 
smaller tendency to escape from degraded fuel unless the temperature of the fuel becomes 
quite high. By the same token, such materials, if they escape by volatilization from 
the fuel, tend to condense quite rapidly to solid form again when transported to a lower 
temperature region and/or dissolve in water when present. The former mechanism can have 
the result of producing some solid particles of sufficiently small size to be carried 
some distance by a moving stream of gas or air. If such particulate materials are dispersed 
into the atmosphere as a result of failure of the containment barrier, they will tend to 
be carried downwind and deposit on surface features by gravitational settling or by pre­
cipitation (fallout), where they will become "contamination" hazards in the environment. 

All of these radioactive materials exhibit the property of radioactive decay with charac­
teristic half-lives ranging from fractions of a second to many days or years (see Table 7.1). 
Many of them decay through a sequence or chain of decay processes and all eventually become 
stable (nonradioactive) materials. The radiation emitted during these decay processes 
is the reason that they are hazardous materials. 

7.1.1.2 Exposure pathways 

The radiation exposure (hazard) to individuals is determined by their proximity to the 
radioactive material, the duration of exposure, and factors that act to shield the individual 
from the radiation. Pathways for the transport of radiation and radioactive materials 
that lead to radiation exposure hazards to humans are genera.lly the same for accidental 
as for "normal" releases. These are depicted in Section 5, Figure 5.17. There are two 
additional possible pathways that could be significant for accident releases that are 
not shown in Figure 5.17. One of these is the fallout onto open bodies of water of 
radioactivity initially carried in the air. The second would be unique to an accident 
that results in temperatures inside the reactor core sufficiently high to cause melting 
and subsequent penetration of the basemat underlying the reactor by the molten core debris. 
This creates the potential for the release. of radioactive material into the hydrosphere 
through contact with ground water. These pathways may lead to external exposure to radi­
ation, and to internal exposures if radioactivity is inhaled, or ingested from contam-
inated food or water. 
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Table 7.1 Activity of Radionuclides in a San Onofre Reactor Core 
at 3560 MWt 

Radioactive Inventory 
Group/Radionuclide (millions of curies) Half-life (days) 

A. NOBLE GASES 
Krypton-85 0.63 3,950 
Krypton-85m 27 0.183 
Krypton-87 52 0.0528 
Krypton-88 76 0.117 
Xenon-133 190 5.28 
Xenon-135 38 0.384 

B. IODINES 
Iodlne-13i 95 8.05 
Iodine-132 130 0.0958 
Iodine-133 190 0.875 
Iodine-134 210 0.0366 
Iodine-135 170 0.280 

c. ALKALI METALS 
Rubidium-86 0.029 18.7 
Cesium-134 8.3 750 
Cesium-136 3.3 13.0 
Cesium-137 5.2 11,000 

D. TELLURIUM-ANTIMONY 
Tellurium-127 0.029 18.7 
Tellurium-127m 1.2 109 
Te 11 uri um-129 34 0.048 
Te 11 uri um-129m 5.9 34.0 
Te 11 uri urn-131m 14 1.25 
Te 11 uri um-132 130 3.25 
Antimony-127 6.8 3.88 
Antimony-129 37 0.179 

E. AKALINE EARTHS 
Strontlum-89 100 52.1 
Strontium-90 4.1 11,030 
Strontium-91 120 0.403 
Barium-140 180 12.8 

F. COBALT AND 
NOBLE METALS 
Cobalt-58 0.87 71.0 
Cobalt-60 0.32 1,920 
Molybdenum-99 180 2.8 
Technetium-99m 160 0.25 
Ruthenium-103 120 39.5 
Ruthenium-lOS 80 0.185 
Ruthenium-lOG 28 366 
Rhodium-lOS 55 1.50 

G. RARE EARTHS 1 REFRACTORY 
OXIDES AND TRANSURANICS 
Yttr1um-99 4.3 2.67 
Yttrium-91 130 59.0 
Zirconium-95 170 65.2 
Zirconium-97 170 0.71 
Niobium-95 170 35.0 
Lanthanum-140 180 1.67 
Cerium-141 170 32.3 
Cerium-143 150 1.38 
Cerium-144 95 284 
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G. RARE EARTHS, REFRACTORY 
OXIDES AND TRANSURANICS 
(Continued) 
Praseodymium-143 
Neodymium-147 
Neptunium-239 
Plutonium-238 
Plutonium-239 
Plutonium-240 
Plutonium-241 
Americium-241 
Curium-242 
Curium-244 
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Table 7.1 (Continued) 

Radioactive Inventory 
(millions of curies) 

150 
67 
1800 
0.063 
0.023 
0.023 
3.8 
0.0019 
0.56 
0.026 

Half-life (days) 

13.7 
11.1 
2.35 
32,500 
8.9 X 106 

2.4 X 10!; 
5,350 
1.5 X 105 

163 
6,630 

NOTE: The above grouping of rad1onuclides corresponds to that 1n 
Table 7,3, 

It is characteristic of these pathways that during the transport of radioactive material 
by wind or by water, the material tends to spread and disperse, like a plume of smoke 
from a smokestack, becoming less concentrated in larger volumes of air or water. The 
result of these natural processes is to lessen the intensity of exposure to individuals 
downwind or downstream of the point of release, but they also tend to increase the number 
who may be exposed. For a release into the atmosphere, the degree to which dispersion 
reduces the concentration in the plume at any downwind point is governed by the turbulence 
characteristics of the atmosphere which vary considerably with time and from place to 
place. This fact, taken in conjunction with the variability of wind direction and the 
presence or absence of precipitation, means that accident consequences are very much 
dependent upon the weather conditions existing at the time. 

7.1.1.3 Health effects 

The cause and effect relationships between radiation exposure and adverse health effects 
are quite complex4 but they have been more exhaustively studied than any other environmental 
contaminant. 

Whole-body radiation exposure resulting in a dose greater than about 10 rem for a few 
persons and about 25 rem for nearly all people over a short period of time (hours) is 
necessary before any physiological effects to an individual are clinically detectable. 
Doses about to 10 to 20 times larger than the latter dose, also received over a relatively 
short period of time (hours to a few days), can be expected to cause some fatal injuries. 
At the severe, but extremely low probability end of the accident spectrum, exposures of 
these magnitudes are theoretically possible for persons in the close proximity of such 
accidents if measures are not or cannot be taken to provide protection, e.g., by sheltering 
or evacuation. 

Lower levels of exposures may also constitute a health risk, but the ability to define a 
direct cause and effect relationship between any given health effect and a known exposure 
to radiation is difficult given the backdrop of the many other possible reasons why a 
particular effect is observed in a specific individual. For this reason, it is necessary 
to assess such effects on a statistical basis. Such effects include cancer and genetic 
changes in future generations after exposure of a prospective parent. Cancer in the 
exposed population may begin to develop only after a lapse of 2 to 15 years (latent period) 
from the time of exposure and then continue over a period of about 30 years (plateau period). 
However, in the case of exposure of fetuses (in utero), cancer may begin to develop at 
birth (no latent period) and end at age 10 (i~., the plateau period is 10 years). The 
health consequences model currently being used is based on the 1972 BEIR Report of the 
National Academy of Sciences.s 

Most authorities are in agreement that a reasonable and probably conservative estimate 
of the statistical relationship between low levels of radiation exposure to a large number 
of people is within the range of about.lO to 500 potential cancer deaths (although zero 
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is not excluded by the data) per million man-rem. The range comes from the latest HAS 
BEIR III Report (1980)6 which also indicates a probable value of about 150. This value 
is virtually identical to the value of about 140 used in the current NRC health effects 
models. In addition, approximately 220 genetic changes per million person-rem would be 
projected by BEIR III over succeeding generations. That also compares well with the value 
of about 260 per million man-rem currently used by the NRC staff. 

7.1.1.4 Health effects avoidance 

Radiation hazards in the environment tend to disappear by the natural process of radio­
active decay. Where the decay process is a slow one, however, and where the material 
becomes relatively fixed in its location as an environmental contaminant (e.g., in soil), 
the hazard can continue to exist for a relatively long period of time--months, years, or 
even decades. Thus, a possible consequential environmental societal impact of severe 
accidents is the avoidance of the health hazard rather than the health hazard itself, by 
restrictions on the use of the contaminated property or contaminated foodstuffs, milk, 
and drinking water. The potential economic impacts that this can cause are discussed 
below. 

7.1.2 Accident experience and observed impacts 

The evidence of accident frequency and impacts in the past is a useful indicator of future 
probabilities and impacts. As of mid-1980, there were 69 commercial nuclear power reactor 
units licensed for operation in the United States at 48 sites with power generating capaci­
ties ranging from 50 to 1130 megawatts electric (MWe). (The San Onofre Units 2 and 3 
are designed for 1140 MWe each.) The combined experience with these units represents 
approximately 500 reactor years of operation over an elapsed time of about 20 years. 
Accidents have occurred at several of these facilities. 7 Some of these have resulted in 
releases of radioactive material to the environment, ranging from very small fractions 
of a curie to a few million curies. None is known to have caused any radiation injury 
or fatality to any member of the public, nor any significant individual or collective 
public radiation exposure, nor any significant contamination of the environment. This 
experience base is not large' enough to permit a rel.iable quantitative statistical inference. 
It does, however, suggest that significant environmental impacts due to accidents are 
very unlikely to occur over time periods of a few decades. 

Melting or severe degradation of reactor fuel has occurred in only one of these 69 operating 
units, during the accident at Three Mile Island - Unit 2 (TMI-2) on March 28, 1979. In 
addition to the release of a few million curies of xenon-133, it has been estimated that 
approximately 15 curies of radioiodine was also released to the environment at TMI-2. 8 

This amount represents an extremely minute fraction of the total radioiodine inventory 
present in the reactor at the time of the accident. No other radioactive fission products 
were released in measurable quantity. 

It has been estimated that the maximum cumulative offsite radiation dose to an individual 
was less than 100 millirem. 8 • 9 The total population exposure has been estimated to be 
in the range from about 1000 to 3000 man-rem. This exposure could produce between none 
and one additional fatal cancer over the lifetime of the population. The same population 
receives each year from natural background radiation about 240,000 man-rem and apcroximately 
a half-million cancers are expected to develop in this group over its lifetime,8 • primarily 
from causes other than radiation. Trace quantities (barely above the limit of detectability) 
of radioiodine were found in a few samples of milk produced in the area. No other food 
or water supplies were impacted. 

Accidents at nuclear power plants have also caused occupational injuries and a few 
fatalities but none attributed to radiation exposure. Individual worker exposures have 
ranged up to about 4 rems as a direct consequence of accidents, but the collective worker 
exposure levels (man-rem) are a small fraction of the exposures experienced during normal 
routine operations that average about 500 man-rem per reactor year. 

Accidents have also occurred at other nuclear reactor facilities in the United States 
and in other countries. 7 Due to inherent differences in design, construction, operation, 
and purpose of most of these other facilities, their accident record has only indirect 
relevance to current nuclear power plants. Melting of reactor fuel occurred in at least 
seven of these accidents, including the one in 1966 at the Enrico Fermi Atomic Power Plant 
Unit 1. This was a sodium-cooled fast breeder demonstration reactor designed to generate 
61 MWe. The damages were repaired and the reactor reached full power four years following 
the accident. It operated successfully and completed its mission in 1973. This accident 
did not release any radioactivity to the environment. 
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A reactor accident in 1957 at Windscale, England released a significant quantity of radio­
iodine, approximately 20,000 curies, to the environment. This reactor, which was not 
operated to generate electricity, used air rather than water to cool the uranium fuel. 
During a special operation to heat the large amount of graphite in this reactor, the fuel 
overheated and radioiodine and noble gases were released directly to the atmosphere from 
a 123-m (405-ft} stack. Milk produced in a 512-km2 (200-mi 2) area around the facility 
was impounded for up to 44 days. This kind of accident cannot occur in a reactor like 
San Onofre, however, because of its water-cooled design. 

7.1.3 Mitigation of accident consequences 

The Nuclear Regulatory Commission is conducting a safety evaluation of the application 
to operate San Onofre Units 2 and 3. Although this evaluation will contain more detailed 
information on plant design, the principal design features are presented in the following 
section. 

7.1.3.1 Design features 

San Onofre Units 2 and 3 are essentially identical units. Each contains features designed 
to prevent accidental release of radioactive fission products from the fuel and to lessen 
the consequences should such a release occur. Many of the design and operating specifica­
tions of these features are derived from the analysis of postulated events known as design 
basis accidents. These accident preventive and mitigative features are collectively referred 
to as engineered safety features (ESF}. The possibilities or probabilities of failure 
of these systems are incorporated in the assessments discussed in section 7.1.4. 

Each steel-lined concrete containment building is a passive mitigating system which is 
designed to minimize accidental radioactivity releases to the environment. Safety injec­
tion systems are incorporated to provide cooling water to the reactor core during an 
accident tp prevent or minimize fuel damage. The containment atmosphere cooling system 
provides heat removal capability inside the containment following steam release accidents 
and helps to prevent containment failure due to overpressure. Similarly, the containment 
spray system is designed to spray cool water into the containment atmosphere. The spray 
water also contains an additive (sodium hydroxide) which will chemically react with any 
airborne radioiodine to remove it from the containment atmosphere and prevent its release 
to the environment. 

The mechanical systems mentioned above are supplied with emergency power from onsite diesel 
generators in the event that normal offsite station power is interrupted. 

The fuel handling area of each unit is located in a fuel building, a low leakage structure 
with a safety-grade ventilation system for accident mitigation. The safety-grade ventilation 
system is an internal recirculation system and contains both charcoal and high efficiency 
particulate filters. If radioactivity were to be released into the building, it would 
be drawn through the ventilation system, and radioactive iodine and particulate fission 
products would be removed from the flow stream, reducing the concentration within the 
building and hence the amount that might leak to the atmosphere. 

There are features of each unit that are necessary for its power generation function that 
can also play a role in mitigating certain accident consequences. For example, the main 
condenser, although not classified as an ESF, can act to mitigate the consequences of 
accidents involving leakage from the primary to the secondary side of the steam generators 
(such as steam generator-tube ruptures). 

If normal offsite power is maintained, the ability of the plant to send contaminated steam 
to the condenser instead of releasing it through the safety valves or atmospheric dump 
valves can significantly reduce the amount of radioactivity released to the environment. 
In this case, the fission product removal capability of the normally operating off-gas 
treatment system would come into play. 

Much more extensive discussions of the safety features and characteristics of San Onofre 
Units 2 and 3 may be found in the applicant's Final Safety Analysis Report. 2 The staff 
evaluation of these features is addressed in the Safety Evaluation Report. In addition, 
the implementation of the lessons learned from the TMI-2 accident, in the form of improve­
ments in design and procedures, and operator training, will significantly reduce the likeli­
hood of a degraded core accident which could result in large releases of fission products 
to the containment. Specifically, the applicant will be required to meet those TMI-related 
requirements specified in NUREG-0737. As noted in Section 7.1.4.7, no credit has been 
taken for these actions and improvements in discussing the· radiological risk of accidents 
in this supplement. 
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7.1.3.2 Site features 

In the process of considering'the suitability of the site of San Onofre Units 2 and 3, 
pursuant to NRC's Reactor Site Criteria in 10 CFR Part 100, consideration was given to 
certain factors that tend to minimize the risk and the potential impact of accidents. 
First, the site has an exclusion area as required in 10 CFR Part 100. The exclusion area 
of the ·(33.8 hectare (83.6-acre)) site has a minimum exclusion distance of (1968 ft) 600 meters 
from the containment centerlines ·to the closest site boundary. The applicant's authority 
to control all activities within the exclusion area was acquired by a grant of easement 
from the United States of America made by the Secretary of the Navy. The exclusion area 
is traversed by old U.S. Highway 101, the San Diego Freeway (Interstate 5), and the 
Atchison, Topeka and Santa Fe Railroad. The exclusion area on the ocean side extends 
over a narrow strip of beach and into the Pacific Ocean. 

The applicant's control of the landward portion of the exclusion area extends to the mean 
high tide line but does not include the strip of beach lying between high and low tide 
that is occasionally uncovered. This strip of "tidal beach" is owned by the State of 
California and is used primarily as a passageway for individuals walking along the beach. 
The applicant's lack of control of this strip of tidal beach has been adjudicated in a 
Commission proceeding (see ALAB-432) and has been determined to be de minimis on the 
basis of its occasional use, together with the high probability that any radiation exposure 
to individuals in this zone will be within the guideline values of 10 CFR Part 100 in 
the event of an emergency. 

Activities within the exclusion area which are unrelated to plant operation include a 
gas pipeline, railroad traffic, through traffic on the San Diego Freeway, and local 
recreational traffic on old U.S. Highway 101. Recreational activities in the plant 
vicinity include swimming, camping, and surfing. Recreational activities, such as sun­
bathing or picnicking, are discouraged within the landward portion of the exclusion area 
(the area landward of the contour of mean high tide). The seaward portion of the exclu­
sion area (the area seaward of the contour of mean·high tide) may be occupied by small 
numbers of people for passageway transit between the public beach areas upcoast and down­
coast from the plant. Additional small numbers of people may be anticipated to occasionally 
be in the water within the exclusion area. 

Transient access to an approximate 2.02-hectare (5-acre) at the southwest corner of the 
site for the purposes of viewing the scenic bluffs and barrancas will be on an unimproved 
walkway. The applicant has estimated that at any one time a maximum of 100 persons will 
be in the walkway and a 2.02-hectare (5-acre) viewing area, and on the beach and water below 
the mean high tide. The improved walkway affords landward passage between the two beach 
areas. 

In case of a radiological emergency, the applicants have made arrangements with agencies 
of the State and local ·governments to control all traffic on the railroad, roadways, and 
waterways. 

Second, beyond and surrounding the exclusion area is a low population zone (LPZ), also 
required by Part 100. This is a circular area of 3.14 km (1.95 mi) outer radius. Within this 
zone the applicant must assure that there is reasonable probability that appropriate 
measures could be taken on behalf of the residents in the event of a serious accident. 

The San Onofre State Beach northwest and southwest of the San Onofre exclusion areas 
represents a public waterfront recreation area within an 8-km (5-mi) radius of the plant. 
The beach south of the nuclear facility is used for swimming, hiking, and vehicle parking. 
The 1036 m (3,400-ft) stretch of beach north of the site is used primarily for surfing. 

The largest communities in the vicinity of the site are San Clemente, located about 4.8 km 
(3 mi) away, which had a 1976 estimated population of 23,000, and the U.S. Marine Corp base 
Camp Pendleton, with a total estimated population of about 33,000. The Marine Corp base 
consists of several population clusters or camps located at distances from 2.4 km to 19.31 km 
(1.5 mi to 12 mi) away. 

The applicant has estimated a peak transient population in major tourist and recreational 
activities along Interstate 5 in a 16-km (10-mi) radius of the plant to be 56,600 persons. 
This occurs during the summer months and is due to persons engaged in water sport recreation 
on the Pacific Ocean beach and coastal waters. 

The Mexican border lies about 121 km (75 mi) from San Onofre, toward the southeast. The 
cities of Tijuana, Mexicali, and Ensenada are within 241· km (150 mi) of the site. 
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The safety evaluation of the San Onofre site has also included a review of potential 
external hazards, i.e., activities offsite that might adversely affect the operation of 
the plant and cause an accident. This review encompassed nearby industrial, transportation, 
and military facilities that might create explosive, missile, toxic gas, or similar hazards. 
The staff concluded at the construction permit stage that the hazards from the nearby 
military facility are negligibly small. However, the hazards from the nearby interstate 
highway, the railroad right of way, and natural gas pipelines, are still under review by 
the staff. Reevaluation of these hazards has been requested by the staff, and the results 
will be reported in a supplement to the staff's Safety Evaluation Report. It is anticipated 
that the review will show that either the risks are acceptably small or may be acceptably 
small. 

7.1.3.3 Emergency preparedness 

Emergency preparedness plans including protective action measures for the San Onofre 
facility and environs are in an advanced, but not yet fully completed stage. In accordance 
with the provisions of 10 CFR Section 50.47, effective November 3, 1980, no operating 
license will be issued to the applicant unless a finding is made by the NRC that the state 
of onsite and offsite emergency preparedness provides reasonable assurance that adequate 
protective measures can and will be taken in the event of a radiological emergency. Among 
the standards that must be met by these plans are provisions for two Emergency Planning 
Zones (EPZ). A plume exposure pathway EPZ of about 16 km (10 mi) in radius and an inges­
tion exposure pathway EPZ of about 80 km (50 mi) in radius are required. Other standards 
include appropriate ranges of protective actions for each of these zones, provisions for 
dissemination to the public of basic emergency planning information, provisions for rapid 
notification of the public during a serious reactor emergency, and methods, systems, and 
equipment for assessing and monitoring actual or potential offsite consequences in the 
EPZs of a radiological emergency condition. 

NRC findings will be based upon a review of the Federal Emergency Management Agency (FEMA) 
findings and determinations as to whether State and local government emergency plans are 
adequate and capable of being implemented, and on the NRC assessment as to whether the 
applicant's onsite plans are adequate and capable of being implemented. NRC staff findings 
will be reported in a supplement to the staff's Safety Evaluation Report. Although the 
presence of adequate and tested emergency plans cannot prevent the occurrence of an accident, 
it is the judgment of the staff that they can and will substantially mitigate the conse­
quences to the public if one should occur. 

7.1.4 Accident risk and impact assessment 

7.1.4.1 Design basis accidents 

As a means of assuring that certain features of the San Onofre Units 2 and 3 plants meet 
acceptable design and performance criteria, both the applicant and the staff have analyzed 
the potential consequences of a number of postulated accidents. Some of these could lead 
to significant releases of radioactive materials to the environment, and calculations 
have been performed to estimate the potential radiological consequences to persons offsite. 
For each postulated initiating event, the potential radiological consequences cover a 
considerable range of values depending upon the particular course taken by the accident 
and the conditions, including wind direction and weather, prevalent during the accident. 

In the safety analysis of the San Onofre Units 2 and 3 plants, three categories of accidents 
have been considered. These categories are based upon their probability of occurrence 
and include (a) incidents of moderate frequency, i.e., events that can reasonably be expected 
to occur during any year of operation, (b) infrequent accidents, i.e., events that might 
occur once during the lifetime of·the plant, and (c) limiting faults, i.e., accidents 
not expected to occur but that have the potential for significant releases of radioactivity. 
The radiological consequences of incidents in the first category, also called anticipated 
operational occurrences, are discussed in Section 5. Initiating events postulated in 
the second and third categories for the San Onofre Units 2 and 3 are shown in Table 7.2. 
These are collectively designated design basis accidents in that specific design and 
operating features as described above in Section 7.1.3.1 are provided to limit their 
potential radiological consequences. Approximate radiation doses that might be received 
by a person at the nearest site boundary (600 meters from the plant) are also shown in 
the table, along with a characterization of the time duration of the releases. 
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Table 7.2 Approximate Radiation Doses from Design Basis 
Accidents, Conservative Calculational Model 

Infreguent Accidents: 

Waste Gas Tank Failure 

Steam Generator Tube2 
Rupture 

Fuel Handling Accident 

Limiting Faults: 

Main Steam Line Break 

Control Rod Ejection 

Large-Break LOCA 

1The nearest site boundary. 

Duration 
of Release 

< 2 hr 

< 2 hr 

< 2 hr 

< 2 hr 

hrs-days 

hrs-days 

Dose (rem at 600 ml) 

Whole Body Thyroid 

< 3 < 30 

< 3 2 

7 40 

6 10 

< 6 60 

3 wo 

2See NUREG-06516 for descriptions of three steam generator tube rupture accidents 
that have occurred in the United States. 

The calculational model used is a conservative one in that it is expected to provide a 
reasonable estimate of the potential upper bound for individual exposures. The results 
are used to implement the provisions of 10 CFR 100 and to establish performance require­
ments for certain engineered safety features. The conservative assumptions used in these 
analyses include: (1) large (upper bound) amounts of radioactive material released by 
the initiating event, (2) single failures in important equipment, including operating 
the engineered safety features in a degraded mode,* (3) very adverse meteorological condi­
tions, and (4) no reduction in exposure due to possible protective actions. 

The results of these calculations show that, for these events, the limiting whole-body 
exposures are not expected to exceed 7 rem. They also show that radioiodine releases 
have the potential for offsite exposures ranging up to about 100 rem to the thyroid. 
For such an exposure to occur, an individual would have to be located at a point on the 
site boundary where the radioiodine concentration in the plume has its highest value and 
inhale at a breathing rate characteristic of a person jogging, for a period of two hours. 
The health risk to an individual receiving such a thyroid exposure is the potential 
appearance of benign or malignant thyroid nodules in about 4 out of 100 cases, and the 
development of a fatal cancer in about 2 out of 1000 cases. 

The realistically expected consequences, 
occur, would be very substantially less. 
small for these design basis accidents. 
Section 7.1.4.6 below. 

were one of these initiating events actually to 
Therefore, the risk is judged to be extremely 

The subject of risk is more fully discussed in 

7.1.4.2 Probabilistic assessment of severe accidents 

In this and the following three sections, there is a discussion of the probabilities and 
consequences of accidents of greater severity than the design basis accidents identified 
in the previous section. As a class, they are considered less likely to occur, but their 
consequences could be more severe, both for the plant itself and for the environment. 
These severe accidents, heretofore frequently called Class 9 accidents, can be distinguished 
from design basis accidents in two primary respects: they involve substantial physical 
deterioration of the fuel in the reactor core, including overheating to the point of melting, 
and they involve deterioration of the capability of the containment structure to perform 
its intended function of limiting the release of radioactive materials to the environment. 

*The containment structure, however, is assumed to prevent leakage in excess of that which 
can be demonstrated by testing, as provided in 10 CFR Section lOO.ll(a). 
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The assessment methodology employed is that described in the Reactor Safety Study (RSS) 
which was published in 1975. 10* The San Onofre Units 2 and 3 are Combustion Engineering­
designed pressurized water reactors (PWR) having similar design and operating character­
istics to the Surry Unit 1 facility used in the RSS as a prototype for PWRs. This assess­
ment has used as its starting point, therefore, the same set of accident sequences that 
were found in the RSS to be dominant contributors to risk in the prototype PWR. The same 
set of nine release categories, designated PWR 1 through 9, have also been used to repre­
sent the spectrum of severe accident releases that are hypothesized for the San Onofre 
Units 2 and .3. Characteristics of these categories are shown in Table 7.3. Sequences 
initiated by natural phenomena such as tornadoes, floods, or seismic events and those 
that could be initiated by deliberate acts of sabotage are not included in these events 
sequences. The radiological consequences of such events would not be different in kind 
from those which have been treated. Moreover, it is the staff's judgment, based upon 
design requirements of 10 CFR Part 50, Appendix A, relating to effects of natural phenomena, 
and safeguards requirements of 10 CFR Part 73, that these events do not contribute sig­
nificantly to risk. The facts upon which the staff based its Safe Shutdown Earthquake 
and its conclusions regarding the effects of natural phenomena on the plant are given in 
the Safety Evaluation Report. 

A calculated probability per reactor year associated with each release category is also 
shown in the second column in Table 7.3. These probabilities are the result of a detailed 
engineering analysis of the prototype PWR in the Reactor Safety Study. There are substan­
tial uncertainties in these probabilities. This is due, in part, to difficulties associ­
ated with the quantification of human error and to inadequacies in the data base on failure 
rates of individual plant components that were used to calculate the probabilities11 

(see Section 7.1.4.7 below). Also, the detailed engineering analysis represents a plant 
designed by a different nuclear steam supply system designer (CE versus Westinghouse) 
with different detailed designs. The probability of accident sequences from the Surry 
plant were used to give a perspective of the societal risk at San Onofre Units 2 and 3 
because, although the probabilities of particular accident sequences may be substantially 
different, the overall effect of all sequences taken together is likely to be within the 
uncertainties. Except as indicated in the footnotes in Table 7.3, the staff has no 
present basis for judging whether the probabilities may be too high or too low. The error 
band for the probabilities of some of the event sequences could be as great as a factor 
of 100. The event sequences in categories PWR 1-7 lead to partial or complete melting 
of the reactor core while those in the last two categories do not involve melting of the 
core. In release categories 1 to 3, the event sequences include containment failure by 
steam explosion, hydrogen burning, or overpressure. In release categories 6 and 7, the 
dominant containment failure mode is by melt-through of the containment ·base mat. The 
other release categories contain event sequences in which the systems intended to isolate 
the containment fail to act properly. 

The magnitudes (curies) of radioactivity releases for each category are obtained by 
multiplying the release fractions shown in Table 7.3 by the amounts that would be present 
in the core at the time of the hypothetical accident. These are shown in Table 7.1 for 
a San Onofre plant at a core thermal power level of 3560 megawatts. 

The potential radiological consequences of these releases have been calculated by the 
consequence model used in the RSS12 and adapted to apply to a specific site. The essen­
tial elements are shown in schematic form in Figure 7.1. Environmental parameters specific 
to the San Onofre site have been used and include the following: 

(1) Meteorological data for the site representing a full year of consecutive hourly 
measurements and seasonal variations. 

(2) Projected population in the United States and Mexico for the year 2000 extending 
throughout regions of 80 and 560 km (50 and 350 mi) radius from the site. 

(3) The habitable land fraction within the 560-km (350-mi) radius. 

(4) land use statistics, on a state-wide basis, including farm land values, farm product 
values including dairy production, and growing season information, for the State of 
California and each surrounding State within the 560-km (350-mi) region. 

(5) land use statistics for Mexico on a country-wide basis. Farm land values, growing 
season information, and comparison between agriculture and dairy products are based 
on comparison with U.S. values for nearby States. Farm product values are based on 
Mexico-average Gross National Product and "agriculture" percentage. 

*Because this report has been the subject of considerable controversy, a discussion of 
the uncertainties surrounding it is provided in Section 7.1.4-7. 

SCE-SER 000436

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 154 of 300
(445 of 2110)



Table 7.3 

Summary of Atmospheric Release Categories Representing Hypothetical Accidents in a PWR 

Fraction of Core Inventory Released(a~ 
Release Probability 
Categor~ (reactor-xr- 1 2 Xe-Kr I Cs-Rb Te-Sb Ba-Sr 

PWR 1 5.1 x10-8 (d) 0.9 0.7 0.4 0.4 0.05 

PWR 2 7 X 10-6 0.9 0.7 0.5 0.3 0.06 

PWR 3 2.3 X 10-6 0.8 0.2 0.2 0.3 0.02 

PWR 4 2.1 X 10-11 0.6 0.09 0.04 0.03 5 X 10-3 

PWR 5 5 X 10-8 0.3 0.03 9 X 10-3 5 X 10-3 1 X 10-3 

PWR6 6 X 10-7 0.3 3 X 10-3 8 X 10-4 1 X 10·3 9 X 10- 5 

PWR 7 4 X 10-5 6 X 10-3 4 X 10-5 1 X 10-5 2 X 10-5 1 X 10-6 

PWRS 4 X 10-5 2 X 10-3 1 X 10-4 5 X 10-4 1 X 10-6 1 X 10-8 

PWR 9 4 X 10-4 3 X 10-6 1 X 10-7 6 X 10-7 1 X 10·9 1 X 10-11 

(a)Background on the .isotope groups and release mechanisms is presented in Appendix VII, WASH-1400 (Ref. 9). 
(b) Includes Ru, Rh, Co, Mo, Tc. 
(c) Includes, Y, La, Zr, Nb, Ce, Pr, Nd, Np, Pu, Am, Cm. 

Ru(b) 

0.4 

0.02 

0.03 

3 X 10-3 

6 X 10-4 

7 X 10-5 

1 X 10·6 

0 

0 

La(c) 

3 X 10-3 

4 X 10-3 

3 X 10-3 

4 X 10-4 

7 X 10-5 

1 X 10-S 

2 X 10-7 

0 

0 

(d)Current understanding of the phenomenon of containment failure by steam explosion embodied in this release category indicates 
the probability should be lower than stated. 

NOTE: Refer to Section 7.1.4.6 for a discussion of.uncertainties in risk estimates. 

....... 
I ..... ..... 
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WEATHER DATA 

RELEASE CATEGORIES 
ATMOSPHERIC t--DISPERSION 

r-a-- DOSIMETRY - ........ HEALTH EFFECTS 

CLOUD DEPLETION 

~--~ 
PROPERTY DAMAGE ...... POPULATION 

GROUND f-a CONTAMINATION 

EVACUATION 

Figure 7.1 Schematic outline of consequence model 
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To obtain a probability distribution of consequences the calculations are performed assum­
ing the occurrence of each accident release sequence at each of 91 different "start" times 
throughout a one-year period. Each calculation utilizes the site specific hourly meteoro­
logical data and seasonal information for the time period following each 11 start" time. 
The consequence model also contains provisions for incorporating the consequence reduction 
benefits of evacuation and other protective actions. Early evacuation of people would 
considerably reduce the exposure from the radioactive cloud and the contaminated ground 
in the wake of the cloud passage. The evacuation model used (see Appendix F) has been 
revised from that used in the RSS for better site-specific application. The quantitative 
characteristics of the evacuation model used for the San Onofre site are best estimate 
values made by the staff and based upon evacuation time estimates prepared by the appli­
cant. Actual evacuation effectiveness could be greater or less than that characterized 
but would not be expected to be much less, even under adverse conditions. 

The other protective actions include: (a) either complete denial of use (interdiction), 
or permitting use only at a sufficiently later time after appropriate decontamination of 
food stuffs such as crops and milk, (b) decontamination of severely contaminated environment 
(land and property) when it is considered to be economically feasible to lower the levels 
of contamination to protective action guide (PAG) levels, and (c) denial of use (interdic­
tion) of severely contaminated land and property for varying periods of time until the 
contamination levels reduce to such values by radioactive decay and weathering so that 
land and property can be economically decontaminated as in (b) above. These actions would 
reduce the radiological exposure to the people from immediate and/or subsequent use of 
or living in the contaminated environment. 

Early evaucation and other protective actions as mentioned above are considered as essen­
tial sequels to serious nuclear reactor accidents involving significant release of radio­
activity to the atmosphere. Therefore, the results shown for San Onofre reactor include 
the benefits of these protective actions. 

There are also uncertainties in the estimates of consequences, and the error bounds may 
be as large as they are for the probabilities. It is the judgment of the staff, however, 
that it is more likely that the calculated results are overestimates of consequences rather 
than underestimates. 

The results of the calculations using this consequence model are radiological doses to 
individuals and to populations, health effects that might result from these exposures, 
costs of implementing protective actions, and costs associated with property damage by 
radioactive contamination. 

7.1.4.3 Dose and health impacts of atmospheric releases 

The results of the calculations of dose and health impacts performed for the San Onofre 
facility and site are presented in the form of probability distributions in Figures 7.2 
through 7.5 and are included in the impact Summary Table 7.4. All of the nine release 
categories shown in Table 7.3 contribute to the results, the consequences from each being 
weighted by its associated probability. 

Figure 7.2 shows the probability distribution for the number of persons who might receive 
whole body doses equal to or greater than 200 rem and 25 rem, and thyroid doses equal to 
or greater than 300 rem from early exposure,* all on a per-reactor-year basis. The 200 
rem whole body dose figure corresponds approximately to a threshold value for which 
hospitalization would be indicated for the treatment of radiation injury. The 25 rem 
whole body (which has been identified earlier as the lower limit for clinically obervable 
physiological effects in nearly all people) and 300 rem thyroid figures correspond to 
the Commission's guidelines values for reactor siting in 10 CFR Part 100. 

The figure shows in the left-hand portion that there is less than 1 chance in lOO,OOO 
per year (i.e. 10-5 ) that one or more persons may receive doses equal to or greater than 
any of the doses specified. The fact that the th.ree curves run almost parallel in hori­
zontal lines initially shows that if one person were to receive such doses, the chances 
are about the same that several tens to hundreds would be so exposed. The chances of 
larger numbers of persons being exposed at those levels are seen to be considerably smaller. 
For example, the chances are about 1 in 100,000,000 (i.e. 10-8 ) that 100,000 or more people 
might receive doses of 200 rem or greater. A majority of the exposures reflected in this 
figure would be expected to occur to persons within a 80-km (50-mi) radius of the plant. 
Virtually all would occur with a 160-km (100-mi) radius. 

*The containment structure, however, is assumed to prevent leakage in excess of that 
which can be demonstrated by testing, as provided in 10 CFR Section 100.11(a). 
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Figure 7.2 Probability distribution of individual dose impacts 
(See Section 7.1.4,6 for a discussion of uncertainties in risk estimates,) 
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Probability distribution of acute fatalities. (See Section 7.1.4.6 for discussion of 
uncertainties in risk estimates.) 
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Table 7.4 Summary of Environmental Impacts and Probabilities 

Population Latent* 
Probability Persons Persons exposure, mil- cancers, Cost of offsite 
of impact exposed over exposed over Acute 1 ions of man- 80 km/ mitigating actions, 
per year 200 rem 25 rem fatalities rem 80 km/tota 1 total $ mill ions 
--

10-4 < 1 < 1 < 1 < 0.001 < 60 < 0.001 

10-5 < 1 < 1 < 1 0.4/0.6 < 60 12 

5 X 10-6 < 1 160 < 1 2/10 1,400/2,500 400 
""-J 
I 

10-6 2,000 190,000 < 1 45/100 23,000/36,000 5,000 ..... 
00 

10-7 3l,OOO 1,100,000 1,100 110/300 71,000/143,000 15,000 

10-8 100,000 2,000,000 30,000 170/340 12,000/24,000 35,000 

Related 
Figure 7.2 7.2 7.4 7.3 7.5 7.6 

Genetic effects would be approximately twice the number of latent cancers. Thirty times the values shown in the 
Figure 7.5 are shown in this column reflecting the 30-year period over which they might occur. 

NOTE: Refer to Section 7.1.4.6 for a discussion of uncertainties in risk estimates. 
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Figure 7.3 shows the probability distribution for the total population exposure in person-rem, 
i.e., the probability per reactor-year that the total population exposure will equal or 
exceed the values given. A substantial fraction of the population exposure would occur 
within 80 km (50 mi) but the more severe releases (PWR 1-6) would result in exposure to 
persons beyond the 80-km (50-mi) range as shown. 

For perspective, population doses shown in Figure 7.3 may be compared with the annual 
average dose to the population within 80 km (50 mi) of the San Onofre site due to natural 
background radiation of 700,000 man-rem, and to the anticipated annual population dose 
to the general public from normal station operation of 460 man-rem (excluding plant workers) 
(Section 5, Table 5.3 and 5.5). 

Figure 7.4 shows the probability distribution for acute fatalities, representing radiation 
injuries that would produce fatalities within about one year after exposure. Virtually all 
of the acute fatalities would be expected to occur within a 64-km (40-mi) radius. The results 
of the calculations shown in this figure and in Table 7.4 reflect the effect of evacuation 
within the 16-km (10-mi) plume exposure pathway EPZ only. For the very low probability accidents 
having the .Potential for causing radiation exposure above the threshold for acute fatality 
at distances beyond 16 km (10 mi), it would be realistic to expect that authorities would evacuate 
persons at all distances at which such exposures might occur. Acute fatality consequences 
would therefore reasonably be expected to be very much less than the numbers shown. 

Figure 7.5 represents the statistical relationship between population exposure and 
the induction of fatal cancers that might appear over a period of many years following 
exposure. The impacts on the total population and the population within 80 km (50 mi) · 
are shown separately. Further, the fatal, latent cancers have been subdivided into 
those attributable to exposures of the thyroid and all other organs. 

7.1.4.4 Economic and societal impacts 

As noted in Section 7.1.1, the various measures for avoidance of adverse health effects 
including those due to residual radioactive contamination in the environment are possible 
consequential impacts of severe accidents. Calculations of the probabilities and magnitudes 
of such impacts for the San Onofre facility and environs have also been made. Unlike 
the radiation exposure and adverse health effect impacts discussed above, impacts associated 
with adverse health effects avoidance are more readily transformed into economic impacts. 

The results are shown as the probability distribution for costs of offsite mitigating 
actions in Figure 7.6 and are included in the impact Summary Table 7.4. The factors 
contributing to these estimated costs include the following: 

o Evacuation costs 

o Value of crops contaminated and condemned 

o Value of milk contaminated and condemned 

o Costs of decontamination of property where practical 

o Indirect costs due to loss of use of property and incomes derived therefrom. 

The last named costs would derive from the necessity for interdiction to prevent the use 
of property until it is either free of contamination or can be economically decontaminated. 

Figure 7.6 shows that at the extreme end of the accident spectrum these costs.could exceed 
tens of billions of dollars but that the probability that this would occur is exceedingly 
small, less than one chance in a hundred million per year. 

Additional economic impacts that can be monetized include costs of decontamination of 
the facility itself and the costs of replacement power. Probability distributions for 
these impacts have not been calculated, but they are included in the discussion of risk 
considerations in Section 7.1.4.6 below. 

7.1.4.5 Releases to groundwater 

A pathway for public radiation exposure and environmental contamination that could be 
associated with severe reactor accidents was identified in Section 7.1.1.2 above. Consid­
eration has been given to the potential environmental impact of this pathway for the San 
Onofre plant. The principal contributors to the risk are the core melt accidents associ­
ated with the PWR-1 through 7 release categories. The penetration of the basemat of the 
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containment building can release molten core debris to the strata beneath the plant. 
Soluble radionuclides in this debris can be leached and transported with groundwater to 
downgradient domestic wells used for drinking or to surface water bodies used for drinking 
water, aquatic food and recreation. In pressurized water reactors, such as the San Onofre 
unit, there is an additional opportunity for groundwater contamination due to the release 
of contaminated sump water to the ground through a breach in the containment. 

An analysis of the potential consequences of a liquid pathway release of radioactivity 
for generic sites was presented in the "Liquid Pathway Generic Study" (LPGS). 13 The 
LPGS compared the risk of accidents involving the liquid pathway (drinking water, irriga­
tion, aquatic food, swimming and shoreline usage) for four conventional, generic land-based 
nuclear plants and a floating nuclear plant, for which the nuclear reactors would be mounted 
on a barge and moored in a water body. Parameters for the land-based sites were chosen 
to represent averages for a wide range of real sites and are thus "typical," but represented 
no real site in particular. 

The discussion in this section is an analysis to determine whether or not the San Onofre 
site liquid pathway consequences would be unique when compared to land-based sites con­
sidered in the LPGS. The method consists of a direct scaling of the LPGS population doses 
based on the relative values of key parameters characterizing the LPGS "ocean" site and 
the San Onofre site. The parameters which were evaluated included amounts of radioactive 
materials entering the ground, groundwater travel time, sorption on geological media, 
surface water transport, aquatic food consumption, and shoreline usage. 

Doses to individuals and populations were calculated in the LPGS without consideration 
of interdiction methods such as isolating the contaminated groundwater or denying use of 
the water. In the event of surface water contamination, commercial and sports fishing, 
as well as many other water-related activities would be restricted. The consequences 
would therefore be largely economic or social, rather than radiological. In any event, 
the individual and population doses for the liquid pathway range from fractions to very 
small fractions of those that can arise from the airborne pathways. 

The San Onofre reactors are situated above the San Mateo Formation, which is about 274-m 
(876.8-ft) thick and consists of medium to coarse-grained sandstone. 2 Groundwater at the 
site occurs between elevation 0 and 1.5 m (4.8 ft) Mean Low-Low Water, under water table 
conditions. The basemat of the reactors would be beneath the water table. 

The groundwater gradient is clearly toward the ocean. There are no wells between the 
site and the ocean, so no groundwater users could be affected by an accidental contam­
ination from the plant. There is virtually no possibility of a reversal of the ground­
water gradient due to heavy pumping inland, particularly because such a reversal would 
at the same time cause an unacceptable intrusion of saltwater into the aquifer. Therefore, 
liquid radioactivity released from a core melt accident could only cause contamination 
by being transported through the groundwater and subsequently released to the Pacific 
Ocean. 

The staff's most conservative estimate of the groundwater travel time would be 215 days. 
For groundwater travel times of this magnitude, it is clear that the most important radio­
nuclide contributors to the liquid pathway population dose would be Sr-90 and Cs-137. 
Conservative values of the retardation factors, which reflect the effects of sorption of 
the radionuclides on geologic materials, were estimated on media similar to the granular 
materials under the site14 to be 31 for Sr-90 and 2204 for Cs-137. The mean transport 
time from the reactor building to the Pacific Ocean is therefore conservatively estimated 
to be about 16 years for Sr-90 and 1080 years for Cs-137. When these travel times are 
compared to 5.7 years for Sr-90 and 51 years for Cs-137 in the LPGS land-based ocean site 
case, the relatively larger travel times for the San Onofre site would allow a smaller 
portion of the radioactivity to enter the surface water. This reduces the Sr-90 release 
to about 78% of the LPGS value. Virtually all of the Cs-137 would have decayed before 
reaching surface water. 

Contaminants released from the shoreline would disperse in the oceanic turbulence. The 
LPGS made no distinction between the turbulence which would be found in the east, gulf, 
or west coasts of the United States. The only assumption which can be made without·site­
specific data is that the mixing at the San Onofre and LPGS sites are similar. 

The two major liquid pathway exposure pathways for an ocean site are aquatic food consump­
tion and direct shoreline exposure. 

The commercial and recreational finfish harvest for a rectangular block 80 km along shore 
and stretching 40 km offshore has been estimated by the staff from data provided in the 
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Environmental Report15 to be about 13.1 x 106 kg. For comparison, the same size block 
using the LPGS ocean site fish catch densities would yield 5.8 x 106 kg of finfish. 

Approximately 62% of population dose due to finfish consumption calculated in the LPGS 
was due to Cs-137 and approximately 38% was due to Sr-90. The only significant radio­
nuclide which could reach the ocean in the San Onofre case would be Sr-90. The staff 
has conservatively estimated that the uninterdicted population dose in the San Onofre 
case would be about 69% of the lPGS land-based ocean case population dose for seafood 
consumption. , 

Nearly all of the direct shoreline exposure in the LPGS ocean-based site case was deter­
mined to emanate from Cs-137. Since virtually all of the Cs-137 would decay before reach­
ing the ocean, the shoreline direct exposure can be eliminated from further consideration. 

The San Onofre liquid pathway contribution to population dose has, therefore, been demon­
strated to be smaller than that predicted for the LPGS land-based ocean site, which repre­
sents a "typical" ocean site. Thus, the San Onofre site is not unique in its liquid pathway 
contribution to risk. 

There are measures which could be taken to minimize the impact of the liquid pathway. 
The staff estimated that the minimum groundwater travel time from the San Onofre site to 
the Pacific Ocean would be hundreds of days. In addition, the holdup of important radio­
nuclides would provide additional time to utilize engineering measures such as slurry 
walls and well-point dewatering to isolate the radioactive contaminants at the source. 

7.1.4.6 Risk considerations 

The foregoing discussions have dealt with both the frequency (or likelihood of occurrence) 
of accidents and their impacts (or consequences). Since the ranges of both factors are 
quite broad, it is useful to combine them to obtain average measures of environmental 
risk. Such averages can be particularly instructive as an. aid to the comparison of 
radiological risks associated with accident releases and with normal operational releases. 

A common way in which this combination of factors is used to estimate risk is to multiply 
the probabilities by the consequences. The resultant risk is then expressed as a number 
of consequences expected per unit of time. Such a quantification of risk does not at 
all mean that there is universal agreement that people's attitudes about risk, or what 
constitutes an acceptable risk, can or should be governed solely by such a measure. At 
best, it can be a contributing factor to a risk judgment, but not necessarily a decisive 
factor. 

In Table 7.5 are shown average values of risk assoc-iated with population dose, acute 
fatalities, latent fatalities, and costs for evacuation and other protective actions. 
These average values are obtained by summing the probabilities multiplied by the conse­
quences over the entire range of the distributions. Since the probabilities are on a 
per-year basis, the averages shown are also on a per-year basis. 

Table 7.5 Annual Average Values of Environmental 
Risks Due to Accidents 

Population exposure 
man-rem within 80 km 
man-rem total 

Acute fatalities 
permanent residents 
beach visitors 

Latent cancer fatalities 
all organs excluding thyroid 
thyroid only 

Cost of protective actions 
and decontamination 

170 
380 

0.001 
0.00002 

0.022 
0.011 

$19,000 
NOTE: See Section 7.1.4.6 for d1scuss1ons of uncerta1nt1es 

in risk estimates. 
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The population exposure risk due to accidents may be compared with that for normal 
operational releases. These are shown in Section 5, Tables 5.3 and 5.5, for San Onofre 
Units 2 and 3 operating concurrently. The radiological dose to the population from normal 
operational releases may result in: 

(1) late somatic effects in the form of fatal and nonfatal cancer in various body organs-­
following age and organ-specific latency periods--of the exposed population, and 

(2) fatal and nonfatal genetic disorders in the future generations of the exposed 
population. 

Because of the randomness of these effects, calculations of these effects are made from 
the population dose (man-rem). Absolute risk estimators of 140 deaths from expression 
of latent cancer in various body organs per 106 total-body man-rem in the exposed 
population and 260 cases of all forms of genetic disorders per 106 total-body man-rem in 
the future generations of the exposed population were·derived from the 1972 BEIR report. 5 

This derivation assumes a linear and nonthreshold dose-effect relationship at all sublethal 
dose levels. Using these risk estimators and 228 man-rem as the annual population dose 
(Table 5.5, adjusted for one reactor), the staff calculated that there may occur 0.03 cancer 
deaths in the exposed population and 0.06 genetic disorders in all future generatons of 
the exposed population from each year of operation of one reactor. 

The comparison of 0.03 cancer deaths given above with about the same value for latent 
cancer deaths from Table 7.1.4-5 shows that the accident risks are comparable to those 
for normal operational releases. 

There are no acute fatality nor economic risks associated with protective actions and 
decontamination for normal releases; therefore, these risks are unique for accidents. 
For perspective and understanding of the meaning of the acute fatality risk of 0.001 per 
year, however, the staff notes that to a good approximation the population at risk is 
that within about 16 km (10 mi) of the plant, about 92,000 persons in the year 2000. 
Accidental fatalities per year for a population of this size, based upon overall averages 
for the United States, are approximately 20 for motor vehicle accidents, 7 from falls, 3 
from drowning, 3 from burns, and 1 from firearms (ref. 5, p. 577). 

As a separate item under acute fatalities in Table 7.5 is an entry of 0.00002 for "Beach 
visitors." As discussed in Section 7.1.3.2, the beaches near the site are heavily used 
for recreation. The average number of visitors has been estimated, based on seasonal 
and daily variation. The effects on the visitors are tallied separately because in 
actuality they are likely to be permanent residents from other nearby locations. 

Figure 7.7 shows the calculated risk expressed as whole-body dose to an individual from 
early exposure as a· function of the distance from the plant within the plume exposure 
pathway EPZ. The values are on a per-reactor-year basis and all accident sequences and 
release categories in Table 7.3 contributed to the dose, weighted by their associated 
probabilities. Cal~ulated risk to an individual living within the plume exposure pathway 
EPZ of San Onofre of acute death due to potential accidents in the reactor is shown in 
Figure 7.8 as curves of constant risk per year to an individual as a function of distance 
due to potential reactor accidents. Figure 7.9 shows the same type of isopleths for death 
from latent cancer. Directional variation of these curves reflect the variation in the 
average fraction of the year the wind would be blowing into different directions from 
the plant. For comparison the following risk of fatality per year to an individual living 

. in the U.S. may be noted (ref. 4, p. 577); automobile accident 2.2 x 10-4 , falls 7.7 x 10-5 , 
drowning 3.1 x 10-s, burning 2.9 x 10-5 , and firearms 1.2 x 10-s. 

The economic risk associated with protective actions and decontamination could be compared 
with property damage costs associated with alternative energy generation technologies. 
The use of fossil fuels, coal or oil, for example, would emit substantial quantities of 
sulfur dioxide and nitrogen oxides into the atmosphere, and, among other things, lead to 
environmental and ecological damage through the phenomenon of acid rain (Ref. 4, 559-560). 
This effect has not, however, been sufficiently quantified to draw a useful comparison at 
this time. 

There are other economic impacts and risks that can be monetized that are not included 
in the cost calculations discussed in Section 7.1.4.4. These are accident impacts on 
the facility itself that result in added costs to the public, i.e., ratepayers, taxpayers, 
and/or shareholders. These are costs associated with decontamination of the facility 
itself and costs for replacement power. 
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No detailed methodology has been developed for estimating the contribution to economic 
risk associated with cleanup and decontamination of a nuclear power plant that has under­
gone a serious accident toward either a decommissioning or a resumption of operation. 
Experience with such costs is currently being accumulated as a result of the Three Mile 
Island accident. It is already clear, however, that such costs can approach or even exceed 
the original capital cost of such a facility. As an illustration of the possible contri­
bution to the economic risk, if the probability of an accident serious enough to require 
extensive cleanup and decontamination is taken as the sum of the nine categories in 
Table 7.3, i.e., about 5 chances in 10,000 per year, and if the "average" decontamination 
cost for these nine categories is assumed to be one billion dollars, then the estimated 
economic risk would be about $500,000 per year. 

Other costs, besides damage to or loss of the facility, result from accidents. The major 
additional costs are replacement power and replacement of the capacity. These costs are 
affected by the point in the lifetime of the plant at which an accident might occur. 
The present worth· cost is highest for an accident occurring at the beginning of the plant 
operating life and decreases over the plant life. It is assumed for these calculations 
that one unit of San Onofre 2 or 3 is permanently lost and replaced by new capacity after 
eight years and the undamaged unit is shut down for three years before restart. For 
illustrative purposes, the costs and economic risk have been estimated for a "worst case" 
situation for the approximately 2200-megawatt (electric) San Onofre Units 2 and 3 complex 
by postulating a total loss of one of the units in the first year of a projected 30-year 
operating life. Net replacement power cost of 45 mills/kWh is assumed (nearly all fossil 
units in southern California are oil-fired). Using a 60% capacity factor, the annual 
cost of replacement power would be $520 million for the two units in 1980 dollars. The 
additional capital costs as a result of having to construct a new facility are $60 million 
per year, again in 1980 dollars. 

If the probability of sustaining a total loss of the original facility is taken as the 
probability of the occurrence of a core melt accident (approximately by the sum of 
probabilities for the categories PWR-1 through 7 in Table 7.3, i.e., about 5 chances in 
100,000 per year), then the average contribution to economic risk that would result from 
a loss early in the operating life of a San Onofre unit is about $29,000 for each of the 
first three years until the undamaged plant is returned to service, then $16,000 per year 
until the damaged unit is replaced, and $3000 per year additional capital costs for the 
assumed remaining 22 years of plant service. 

7.1.4.7 Uncertainties 

The foregoing probabilistic and risk assessment discussion has been based upon the method­
ology presented in the Reactor Safety Study (RSS), 10 which was published in 1975. 

In July 1977, the NRC organized an Independent Risk Assessment Review Group to (1) clarify 
the achievements and limitations of the Reactor Safety Study Group, (2) assess the peer 
comments thereon and the responses to the comments, (3) study the current state of such 
risk assessment methodology, and (4) recommend to the Commission how and whether such 
methodology can be used in the regulatory and licensing process. The results of this 
study were issued September 1978. 11 This report, called the Lewis Report, contains 
several findings and recommendations concerning the RSS. Some of the more significant 
findings are summarized below. 

(1) A number of sources of both conservatism and nonconservatism in the probability 
calculations in RSS were found, which were very difficult to balance. The Review 
Group was unable to determine whether the overall probability of a core melt given 
in the RSS was high or low, but they did conclude that the error bands were 
understated. 

(2) The methodology, which was an important advance over earlier methodologies that had 
been applied to reactor risk, was sound. 

(3) It is very difficult to follow the detailed thread of calculations through the RSS. 
In particular, the Executive Summary is a poor description of the contents of the 
report, should not be used as such, and has lent itself to misuse in the discussion 
of reactor risk. 

On January 19, 1979, the Commission issued a statement of policy concerning the RSS and 
the Review Group Report. The Commission accepted the findings of the Review Group. 
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The accident at Three Mile Island occurred in March 1979 at a time when the accumulated 
experience record was about 400 reactor years. It is of interest to note that this was 
within the range of frequencies estimated by the RSS for an accident of this severity 
(ref. 4, p. 533). It should also be noted that the Three Mile Island accident has 
resulted in a very comprehensive evaluation of reactor accidents like that one, by a 
significant number of investigative groups both within NRC and outside of it. Actions 
to improve the safety of nuclear power plants have come out of these investigations, 
including those from the President's Commission on the Accident at Three Mile Island, 
and NRC staff investigations and task forces. A comprehensive "NRC Action Plan Developed 
as a Result of the TMI-2 Accident," NUREG-0660, Vol. I, May 1980 collects the various 
recommendations of these groups and describes them under the subject areas of: Operational 
Safety; Siting and Design; Emergency Preparedness and Radiation Effects; Practices and 
Procedures; and NRC Policy, Organization and Management. The action plan presents a 
sequence of actions, some already taken, that will result in a gradually increasing 
improvement in safety as individual actions are completed. The San Onofre plant is 
receiving and will receive the benefit of these actions on the schedule indicated in 
NUREG-0660. The improvement in safety from these actions has not been quantified, however, 
and the radiological risk of accidents discussed in this chapter does not reflect these 
improvements. 

7.1.5 Conclusions 

The foregoing sections consider the potential environmental impacts from accidents at 
the San Onofre facility. These have covered a broad spectrum of possible accidental 
releases of radioactive materials into the environment by atmospheric and groundwater 
pathways. Included in the considerations are postulated design basis accidents and more 
severe accident sequences that lead to a severely damaged reactor core or core melt. 

The environmental impacts that have been considered include potential radiation exposures 
to individuals and to the population as a whole, the risk of near- and long-term adverse 
health effects that such exposures could entail, and the potential economic and societal 
consequences of accidental contamination of the environment. These impacts could be severe, 
but the likelihood of their occurrence is judged to be small. This conclusion is based 
on (a) the fact that considerable experience has been gained with the operation of similar 
facilities without significant degradation of the environment; and (b) a probabilistic 
assessment of the risk based upon the methodology developed in the Reactor Safety Study. 
The overall assessment of environmental risk of accidents, assuming protective action, 
shows that it is roughly comparable to the risk for normal operational releases although 
accidents h~ve a potential for acute fatalities and economic costs that cannot arise from 
normal operations. The risk of acute fatalities from potential accidents at the site 
are small in comparison with the risk of acute fatalities from other human activities in 
a comparably-sized population. 

The staff has concluded that there are no special or unique features about the San Onofre 
site and environs that would warrant special or additional engineered safety features 
for the San Onofre plants. 
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8. NEED FOR THE STATION 

8. 1 RESUME 
The ownership of Units 2 and 3 of the San Onofre Nuclear Generating Station is divided 
among Southern California Edison Company (SCE), 76.55%; San Diego Gas & Electric Company 
(SDG&E) 20%; the City of Riverdale, California, 1.79%; and the City of Anaheim, California, 
1.66%. This section presents an analysis of the need for the station based on the energy 
demands of the applicant's service areas, the potential for production cost savings, and 
the potential ·for increasing the reliability of the applicant's systems. 

8.2 APPLICANT'S SERVICE AREAS AND REGIONAL RELATIONSHIPS 

8.2.1 Applicant's service areas 

Southern California Edison Company's service area extends over a 15-county area of 
southern and central California, covering about 130,000 km2 (50,000 mi 2 ) and containing 
a population in excess of 7.5 million. In 1978, SCE served 2.95 million customers, over 
88% of which were residential. San Diego Gas & Electric Company supplies electricity to 
about 700,000 customers in San Diego County and in portions of Orange and Imperial 
counties. The boundaries of the service area enclose a 10,630-kffi2 (4105-mi 2 ) area. The 
cities of Anaheim and Riverside serve their respective municipalities. A map of the 
applicant's service area is presented in Figure 8.1. 

8.2.2 Regional relationships 

SCE and SDG&E are members of the Western Systems Coordinating Council (WSCC) and the 
California Power Pool (CPP). The WSCC is the regional reliability council for the 
interconnected power network that serves the states west of the Rockies and parts of 
British Columbia. Established in 1967, the WSCC's primary function is to facilitate 
coordinated planning among its member systems and to provide technical support. In 
relation to these duties, the WSCC compiles load and resource data for the region, 
performs reliability studies, and recommends minimum reserve criteria. The California 
Power Pool, whose members are Pacific Gas & Electric Company (PG&E), SCE, and SDG&E, was 
formed in 1964 to provide for the continuous interconnected operation of the member 
utilities' power supply systems. This interconnected operation allows the utilities to 
make more efficient, and therefore more economical use of their generation resources and 
increases the overall reliability of electric service. 

8.3 BENEFITS OF STATION OPERATION 

8.3.1 Minimization of production costs 

To minimize energy production costs, it is necessary to use the most economical mix of 
generation resources. The impact of the operation of SONGS 2 & 3 on the applicant's 
total cost of generation will be a major factor in determining the desirability of such 
operation. In assessing this impact, it is important to note that the fixed costs of 
each facility, such as the sunken capital investment and the fixed portion of the 
operating and maintenance costs, are irrelevant to the choice of which generation 
resources will be used to meet a given load, precisely because these costs are fixed and 
will not vary with an altered mode of system operation. 

To assess the impact of station operation on the applicant's overall production costs, 
the staff first reviewed the latest production costs reported by the applicants for 
their electric generation stations. These data, presented in Tables 8.1 and 8.2, show 
that all oil/gas- and oil-fired facilities that are listed as base and/or intermediate 
units had production costs ranging from $29.2 to $56.7 per MWh, whereas Unit 1 of the 
San Onofre Nuclear Generating Station had a production cost of $9.0/MWhr. In determining 
how the additional units of the San Onofre Station would compare with these figures, the 
staff estimated the 1983 fuel cost for these units to be $10.8/MWhr. 1 Because SCE's and 
SDG&E's installed capacity is predominately oil- and oil/gas-fired, the staff concludes 
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Table 8.1. Southern California Edison Co. thermal-electric 
generating stations and production costs 

On-line dates Total station 1980 Production 
Station tor first and Function Fuel type capacity cost 
Name last unit (MW) (dollarsiMWh)* 

Long Beach 1926-1977 p OiVgas 156 77.9 
530 38.1 

Redondo Beach 1946-1967 8,1 Oil/gas 642 41.5 
31.8 

Huntington Beach 1956-1969 I, p OIVgas 870 39.3 
114 49.2 

Mandalay 1959-1970 I, p Oil/gas 430 44.0 
117 94.7 

Ormond Beach 1971-1973 I Oil/gas 1,500 50.6 

Alamitos 1956-1969 B, I, P Oil/gas 990 41.6 
960 45.5 
114 80.7 

El Segundo 1955-1965 Oil/gas 1,020 41.8 

Etiwanda 1953-1969 I, p Oil/gas 904 42.2 
108 71.8 

Mohave 1971 8 Coal 885 11.8 

Four Corners 1969-1970 8 Coal 788 4.6 

San Onofre Unit 1 1967 8 Nuclear 349 9.0 

Coolwater 1961-1978 I Oil/gas 146 29.2 
482 56.7 

Highgrove 1952-1955 p Oil/gas 154 50.5 

San Bernardino 1957-1958 p Oil/gas 126 35.0 

Garden State 1967 p Oil/gas 12 67.0 

Ellwood 1974 p Oil/gas 48 61.6 

Note: B := base, I "' intermediate, and P := peaking. 
*Fuel only. 
Source: Letter from K. P. Baskin, Southern California Edison Co., to Frank Miraglia, USNRC, 

undated; received by USNRC on February 25, 1981. 

Table 8.2. San Diego Gas & Electric Co. thermal-electric 
generating stations and production costs 

On-line dates Total station 
Station Name for first and Function Fuel type capacity 

last unit (MW) 

Station "B" 1923-1941 p Oil/gas 90 
Silver Gate 1943-1952 I OiVgas 230 
Encina 1954-1978 B Oil/gas• 917 
EncinaGT 1968 p Oil/gas 16 
South Bay 196o-1971 8 Oil/gas 706 
South 8ayGT 1966 p Jet Fuel 18 
San Onofre Unit 1 1967 8 Nuclear 87** 
El Cajon 1968 p Oil/gas 17 
Kearny 1969 p Oil/gas 147 
Division 1968 p Oil 16 
Naval Training Center 1968 c Oil/gas 16 
Miramar 1972 p Oil/gas 38 
North Island 1972 PIC Oil 41 
Naval Station 1976 c Oil/gas 26 
Rohr 1979 c Oil 1 

Note: P = peaking, I = intermediate, B = base, and C = Cogeneration. 
*Encina Unit 5 (320 MW) oil only. 

**SDG&E's 20% share. 

1979 Production 
cost 

(dollarsiMWh) 

188.8 
48.9 
33.7 
98.6 
33.7 

233.4 
9.3 

62.2 
77.5 
97.6 
46.0 
53.1 
43.7 
41.0 
75.8 

Source: Letter from K. P. Baskin, Southern California Edison Co., to V. A. Moore, USNRC, dated 
April11, 1980. 
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that the operation of SONGS Units 2 and 3 would tend to reduce reliance on these 
facilities with corresponding savings in production costs. 

To quantify the magnitude of the production cost savings, the staff made a comparison 
between the fuel cost that would be incurred in 1983 (the first full year in which both 
units are scheduled for full operation) if the two nuclear units were operated at a 
combined capacity factor of 50%, and the fuel cost that would be incurred if an oil-fired 
facility produced the same amount of electricity. In this comparison, the staff assumed 
a nuclear fuel cost of $10.8/MWhr in 1983, an oil cost of $4.4 per million Btu in 1983, 
and an oil-fired plant conversion ratio of 9,000 Btu/kWhr. These assumptions lead to an 
oil cost of $39.6/MWhr. All costs have been adjusted by the Producers Price Index to 
reflect costs in 1980 dollars. The results show that operating the nuclear units will 
save $270 million in fuel costs during 1983. Lowering the assumed plant capacity factor 
to 40% resulted in a fuel cost savings of $210 million, and raising the capacity factor 
to 60% gave a cost savings of $320 million. The cost of nuclear fuels would have to 
rise by a factor of about 3-1/2, and the price of oil would have to remain the same for 
the fuel savings of operating the nuclear units to disappear. These results, coupled 
with the information presented in Tables 8.1 and 8.2, clearly indicate that the applicant's 
production costs will be reduced significantly by the operation of SONGS 2 & 3. 

8.3.2 Energy demand 

Table 8.3 presents SCE's forecasts of peak demand, energy requirements, installed generating 
capacity, arid reserve margins through 1985. These projections indicate that without 
SONGS 2 & 3 reserve margins fall below 13% from 1982-84 and dip to 7.1% in 1985. From 
1980-85 SCE forecasts peak demand to grow at an average annual rate of 2.8%. A comparison 
with the State Level Electricity Demand2 (SLED) forecasting model developed at Oak Ridge 
National Laboratory indicates that over the same period the electrical energy demand in 
California is forecasted to grow at an average annual rate of 4.5%. SCE's projected 
reserve margins without SONGS 2 & 3 clearly indicates a need for this capacity to maintain 
system reliability. The comparison of the applicant's forecasts of demand with the SLED 
forecasts reinforces the need for the additional capacity and reserve margins provided 
by SONGS 2 & 3. 

Table 8.3. Southern CaiHomia Edison Co. forecasts of peak demand, energy requirements, 
Installed generating capacity, and reserve margins through 19858 

Installed Capacity Reserve Margin 

Area peak Total 
(MW) (%) 

Year demand 
Growthb energy Growthb 

With Without With Without 
(MW) 

(%) requirements (%) SONGS SONGS SONGS SONGS 
kWh X 1()6 2&3 2&3 2&3 2&3 

1976 11292 59428 14071 14071 24.6 24.6 
1977 11564 2.4 63345 6.6 14278 14278 23.5 23.5 
1978 12159 2.9 63877 0.8 14966 14966 23.1 23.1 
1979 12662 4.1 66217 3.7 15071 15071 19.0 19.0 
1980 12841 1.4 65459 -1.1 15504 15504 20.7 20.7 
1981 13274 3.4 67120 2.5 15471 15471 16.6 16.6 
1982 13647 2.1 67910 1.2 16184 15304 18.6 12.1 
1983 13895 1.8 70220 3.4 17446 15686 25.6 12.9 
1984 14305 3.0 72590 3.4 17837 16077 24.7 12.4 
1985 14735 3.0 75130 3.5 17535 15775 19.0 7.1 

8 Per November 18, 1980 Resource Plan. 
bpercentage increase over previous year. 1976 through 1980 is recorded. 
Source: Letter from K. P. Baskin, Southern California Edison Co., to Frank Miraglia, USNRC, undated, 

received by USNRC on February 25, 1981. 

Table 8.4 provides .analogous projections of electricity demand, installed capacity, and 
reserve margins for SDG&E. Without SONGS 2 & 3 reserve margins drop below 15% in 1984 
and below 10% in 1985. The average annual growth in peak demand has been forecast at 
1.3% which is signific~ntly below the 4.5% rate forecast by SLED2 for electrical energy 
demand in the State of'California. Reserve margins forecast by SDG&E indicate a need for 
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Table 8.4. San Diego Gas & Electric Co. forecasts of peak demand, energy requirements, 
Installed generating capacity, and reserve margins through 1987 

Installed Capacity Reserve Margin 

Area peak Energy 
(MW)c (o/o)C 

Growthb Growthb 
Year demanda 

(o/o) 
requirements 

(o/o) 
With Without With Without 

(MW) kWh X 1()6 SONGS SONGS SONGS SONGS 
2&3 2&3 2&3 2&3 

1978d 1981 13.5 10053 7.8 2030 2030 2.5 2.5 
1979d 2019 1.9 10548 4.9 2363 2363 17.0 17.0 
1980d 2050 3.7 10403 -1.4 2401 11 2401 8 17.1 17.1 
1981 1975 -3.7 10738 3.2 2366 236fl 19.8 19.8 
1982 2004 1.5 10824 0.8 2586 2366 29.0 18.1 
1983 2033 1.4 11108 2.6 2806 2366 38.0 16.4 
1984 2077 2.2 11407 2.7 2806 2366 35.1 13.9 
1985 2184 5.2 11762 3.1 2806 2366 28.5 8.3 
1986 2272 4.0 12244 4.1 2806 2366 23.5 4.1 
1987 2361 3.9 12763 4.2 2806 2366 18.8 0.0 

a 1981-1987 SDG&E CFM Ill Forecast .adopted by California Energy Commission in December 1980. 
bPercentage increase over previous year. 
0 Excludes purchased capacity. 
d 1978 through 1980 are recorded. 
BJuly net rating. 
Source: Letter from K. P. Baskin, Southern California Edison Co., to Frank Miraglia, USNRC, undated, 

received by USNRC on February 25, 1981. 

SONGS 2 & 3 to maintain system reliability. Once again comparing the applicant's fore­
casts to the SLED forecasts reinforces the need for the additional capacity and reserve 
margins provided by SONGS 2 & 3. 

The staff concludes on the basis of the analysis of the applicant's projected reserve 
margins that operation of SONGS 2 & 3 will be needed to ensure reliability within the 
time frame that operation is anticipated to begin. Furthermore, the analysis of cost 
savings due to a shift from oil-fired to nuclear generation (Sect. 8.3.1) makes operation 
of SONGS 2 & 3 economically desirable independent of load forecasts. 
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9. CONSEQUENCES OF THE PROPOSED ACTION 

9.1 ADVERSE EFFECTS THAT CANNOT BE AVOIDED 

The staff has reassessed the physical, social, and economic impacts that can be attributed to 
SONGS 2 & 3. The identification of adverse effects that cannot be avoided, given in Chap. 8 
of the FES-CP, remains valid. The major effects identified were the destruction of a small 
amount of wildlife habitat in the area occupied by the plant buildings and the loss of fish 
and other marine organisms that will be entrained in the circulating cooling water system. 
In addition, construction has resulted in the excavation of about 16.4 ha (40.5 acres) of the 
San Onofre Bluffs, and operation of the plant will result in the removal of approximately 
1.4 km (0.85 mile) of beach from unrestricted public use. 

9.2 SHORT-TE~1 USES AND LONG-TERM PRODUCTIVITY 

The assessment of the short-term uses and long-term productivity contained in Chap. 9 of the 
FES-CP remains valid. About 21 ha (52 acres) of the total of 36 ha (90 acres) comprising all 
three units will be devoted to the production of electrical energy for the next 30 to 40 years. 
If, at the end of this period, the site is no longer needed for the production of electrical 
energy, it could be used for other purposes (see Sect. 9.4, below). 

9.3 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

There has been no change in the staff's assessment of these commitments since the earlier 
review (FES-CP, Chap. 10) except that the continuing escalation of costs has increased the 
dollar values of the materials used for construction and for fueling the plant. The staff 
has, however, expanded and updated the discussion on uranium fuel availability. This updated 
discussion is presented below. 

9.3.1 Replaceable components and consumable materials 

Uranium is the principal natural resource irretrievably consumed in facility operation. Other 
materials consumed, for practical purposes, are fuel-cladding materials, reactor-control elements, 
other replaceable reactor core components, chemicals used in processes such as water treatment 
and ion-exchanger regeneration, ion-exchange resins, and minor quantities of materials used 
in maintenance and operation. Except for the uranium isotopes U-235 and U-238, the consumed 
resource materials have widespread use; therefore, their use in the proposed operation 
must be reasonable with respect to needs in.other industries. The major use of the natural 
isotopes of uranium is for production of useful energy.l 

The reactor will be fueled with uranium enriched in the isotope U-235. After use in the plant, 
the fuel elements will still contain U-235 slightly above the natural fraction. This slightly 
enriched uranium, if separated from plutonium and other radioactive materials (separation 
would take place in a chemical reprocessing plant), would be available for recycling through the 
gaseous diffusion plant if required. Scrap material containing valuable quantities of uranium 
may also be recycled through appropriate steps in the fuel production process. Should chemical 
reprocessing of spent fuel be effected in the future, the fissionable plutonium recovered is 
potentially valuable for fuel in power reactors. 

In' view of the quantities of materials in natural reserves, resources, and stockpile and the 
quantities produced yearly, the expenditure of such material for the power facility is justified 
by the benefits from the electrical energy produced. A detailed discussion of uranium supply and 
demand follows. 
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9.3.2 Uranium resource availability 

This section reviews information available from the Department of Energy (DOE) on the domestic 
uranium resource situation ~nd the outlook for development of additional domestic supplies, avail­
ability of foreign uranium, and the relationship of uranium supply to planned nuclear generating 
capacity. · 

Analysis of uranium resources and their availability has been carried out by the government since 
the late 1940's. The work was carried out for many years by the Atomic Energy Commission (AEC). 
The activity was made part of the Energy Research and Oevelo~ment_Administration (ERDA) when the 
agency was created in early 19751 and was subsequently transferred to the DOE when it was formed 
October 1, 1977. 

9.3.2.1 u.s. resource position 

To establish some basic terminology, a review of resource concepts and nomenclature would be 
worthwhile. Figure 9.1 defines resource categories based on varying geologic knowledge. 
Resources designated as ore reserves have the highest assurance regarding their magnitude and 
economic availability. Estimates of reserves are based on detailed sampling data, primarily 
from gamma ray logs of drill holes. DOE obtains basic data from industry from its exploration 
effort and estimates the reserves in individual deposits. In estimating ore reserves, detailed 
studies of feasible mining, transportation, and milling techniques and costs are made. Con­
sistent engineering, geologic and economic criteria are employed. The methods used are the result 
of over 30 years of effort in uranium resource evaluation. 

URANIUM 
RESOURCES 

-- RESERVES- Defined 
by direct sampling + 

Es.3336A 

POTENTIAL RESOURCES­
Incompletely defined or undiscovered 

DECREASING KNOWLEDGE AND ASSURANCE 

Fig. 9.1. DOE uranium resource categories. 

Resources that do not meet the stringent requirements of reserves are classed as potential 
resources. For its study of resources, DOE subdivides potential resources into three categories: 
probable, possible, and speculative.2 Probable potential resources are those contained within 
favorable trends, largely delineated by drilling, within productive uranium districts, i.e., 
those having more than 10 tons of U308 production and reserves. Quantitative estimates of 
potential resources are made by considering the extent of the identified favorable areas and by 
comparing certain geologic characteristics with those associated with known ore deposits. 

Possible potential resources are outside of identified mineral trends but are in geologic pro­
vinces and formations that have been productive. Speculative resources are those estimated 
to occur in formations or geologic provinces which have not been productive but which, based on 
the evaluation of available geologic data, are considered to be favorable for the occurrence of 
uranium deposits. 
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Because any evaluation of resources is dependent upon the availability of information, the 
estimates themselves are, to a large degree, a scorecard on the state of development of informa­
tion. Thus, appraisal of U.S. uranium resources is heavily dependent on the completeness of 
exploration efforts and the availability of subsurface geologic data. Since the geology of the 
United States as it relates to mineral deposits can never be completely known in detail, it will 
not be possible to produce a truly complete appraisal of domestic uranium resources. It is 
likely that the total resource picture will eventually prove larger than currently estimated given 
the nature and status of estimation methodology. The key factor may be the timeliness with 
which resources are identified, developed, and produced. 

Conceptually, a resource, whether uranium or other mineral commodity, would initially be in the 
potential category. Development of additional data and clarification of production techniques 
and economics would be required to delineate and understand specific ore deposits to a degree 
that they could be categorized as reserves. 

We can expect a dynamic balance between anticipated markets and prices and the extent to which 
exploration and reserve delineation will be done. There is no economic incentive for industry 
to expand reserves if the additional uranium will not be needed for many years ahead, and 
especially if the long-term market outlook is uncertain. This has been true for uranium. The 
mining companies are concentrating on markets for the next 5 to 15 years. The utilities and 
government are concerned with the outlook for the next 30 to 40 years. 

Conversion of the currently estimated potential resources into ore reserves will take many years 
and will cost several billion dollars. It would be difficult to economically justify acceler­
ating such an effort to delineate ore reserve levels equal to lifetime requirements of all 
planned reactors covering some 30 to 40 years in the future simply to satisfy planners. Supply 
assurance through continued timely additions to reserves and maintenance of a resource base 
adequate to support production demands, coupled with carefully developed information on potential 
resources, is considered to be adequate and a more realistic and economic approach. The 
conversion of potential resources to ore reserves and expansion of production facilities can be 
accomplished when needed as markets expand and production is needed. 

All uranium resource estimates made by DOE and its predecessor agencies before 1979 were single 
estimates of tons of ore and grade for various cost categories. The estimtes were made by 
experienced geologists and engineers according to standard procedures, and represented a reason­
able measure of resources. The current procedures for estimating uranium resources provide both 
mean values and distributions to characterize the reliability of the estimates at specific con­
fidence levels. All available geologic information and the expertise of the estimators are 
fully utilized. These procedures are standardized and documented to minimize personal biases 
and to facilitate reviews and revisions as new information is acquired. 

The estimates of resources in the United States are developed from a data base accumulated during 
the past three decades of Government and industry activities and enhanced by National Uranium 
Resource Evaluation program investigations of the past five years. Data acquired to support 
resource assessment have been extensive and varied. The assessment includes the evaluation of 
several hundred thousand industry-drilled holes; aerial radiometric surveys;,sampling and 
geochemical analyses of groundwater, stream water, and stream sediment; selective drilling to 
fill voids in subsurface information; and extensive geologic field examinations. These data have 
been evaluated to determine those areas favorable for uranium occurrences. Evaluation criteria 
have been developed from studies of uranium deposits throughout the world. In favorable areas, 
the uranium endowment, material greater than 0.01 percent U308 , is estimated, and subsequently 
economic factors are applied to assess the potential resources available at selected costs. 

The costs used to calculate uranium resources are forward costs which consider both operating 
and capital costs, in current dollars, that would be incurred in producing the uranium. These 
costs include power, labor, materials, royalties, payroll, severance and ad valorem taxes, 
insurance, and applicable general and administrative costs. All previous expenditures (before 
the time of the estimate) for such items as property acquisition, exploration, mine development, 
and mill construction are excluded. Also excluded are income taxes, profit, and the cost of 
money. The resources assigned to the various.cost categories are independent of the market 
price at which the uranium might be sold. 

There are two major methodologies in uranium assessment; one is used for the estimation of 
reserves based on sample results from drill holes on specific properties; the second involves 
the use of a variety of geologic information to subjectively estimate potential resources. 
Reserves are calculated individually for properties throughout the United States using data 
voluntarily provided by the uranium companies to DOE. The data consist primarily of radio­
metric drill hole logs and maps. Parameters evaluated include thickness and tenor of mineralized 
rock; depth and spatial relationships, mining methods, ore dilution, and recovery; and 
amenability of ores to processing. The amounts of uranium that could be exploited at the for­
ward cost levels are calculated according to conventional engineering practices utilizing 
available engineering, geologic, and economic data. 
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A regional reserves distribution estimate is obtained by mathematically combining the estimates 
of individual distributions for each property. These regional distributions are then combined 
to provide a total for the United States. Estimates include all material over a selected 
minimum thickness with a uranium content above 0.01% U308 • A recovery factor is applied, after 
rate procedures are used for properties on which solution mining is in progress or is planned. 

Potential resource estimates are based on geologic analogy. Geologic characteristics related to 
uranium potential in the area being investigated are compared with those in an area with similar 
characteristics, that is, a control area that contains uranium deposits for which the frequency 
distribution of grades and tonnages in the deposits has been developed. The analogy-based 
methodology is made feasible by DOE's extensive data base from which detailed characterizations 
of the distribution of uranium have been developed. From systematic comparison with an appro­
priate control area, an estimate is developed of the total amount of uranium, above 0.01% U308 , 
that might be present in an area being evaluated. Uranium endowment factors, such as surface 
area, fraction underlain by endowment, grade, and tonnage are estimated at three confidence 
levels, i.e., a modal value which is considered as most likely, and a low and high estimate 
corresponding respectively to a 95 and 5% probability that the factor is at least that large. 
The endowment estimate is analyzed to determine the portions that are producible at various.cost 
categories within stated confidence levels. 

Table 9.1 provides the mean reserve and potential resource estimates for each cost category, as 
well as estimates at the 95th and 5th percentile. The 95th percentile value provides an estimate 
for which there is a 95% confidence that at least that amount exists. The 5th percentile pro­
vides an estimate for which there is a 5% probability that it will be exceeded. Due to the 
correlation of the individual estimates that are aggregated to generate the regional and national 
totals, the estimates at the 95th and 5th percentile are not directly additive; however, the mean 
values are additive. 

Tabla 9.1. Uranium mou,_ of the United States a 

Reserves as of January 1, 1980 
Other Resources as of October 1, 1980 

Tons UaOe 
Probability distribution values 

Forward-cost 
Me111 95th percentile 6th percentile 

category 

At $15 per pound of Ua08 C 

Reserves 226,000 190,000 260,000 
Probable 296,000 186,000 448,000 
Possible 87,000 42,000 166,000 
Speculative 74,000 30,000 162,000 

Totals 681,000 447,000 1,026,000 

At $30 per pound of U30ab, d 

Reserves 646,000 667,000 729,000 
Probable 886,000 669,000 1,161,000 
Possible 346,000 194,000 630,000 
Speculative 311,000 166,000 600,000 

Totals 2,187,000 1,731,000 2,748,000 

At $50 per pound of lJaOa b ,e 
Reserves 936,000 821,000 1,060,000 
Probable 1,426,000 1,102,000 1,802,000 
Possible 641,000 346,000 973,000 
Speculative 482,000 261,000 890,000 

Totals 3,485,000 2,771,000 4,313,000 

· At$100 per pound of u3o8 b, f 
Reserves 1,122,000 971,000 1,291,000 
Probable 2,060,000 1,646,000 2,673,000 
Possible 1,005,000 621,000 1,526,000 
Speculative 696,000 378.000 1,225,000 
Totals 4,903,000. 3,876,000 6,056,000 

a bUranium resources are estimated quantities recoverable by mining. 
Includes lower cost resource categories. 

~$6.80 per kilogram. 
$13.60 per kilogram. 
~$22.65 per kilogram. 
$45.30 per kilogram. 

(To convert pounds to kilograms, multiply by 0.454; to convert tons 
to tonnes, multiply by 0.907.} 
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Most of the uranium resources are located in a few areas in the Colorado Plateau of New Mexico, Arizona, 
Colorado, and Utah, in the Wyoming Basins, and in the Texas Gulf Coastal Plain, Figs. 9.2 and 9.3. It 
should be noted that the reserve estimates in Table 9.1 were as of January 1, 1980, and the lower cost 
reserves have undoubtedly decreased since that date because of continuing rising costs. 

TOTALS !THOUSANDS OF TONS UAI 

PROIIA8LE 1,<l211 
POSSIIILE 641 
SPECULATIVE 482 

lu ot10/80 

Fig. 9.2. Potential uranium resources by region ($22.65 per kilogram 
($50 per pound) of u3o8). 

9.3.2.2 Uranium exploration activities 

E5-3331A 

Uranium exploration in the United States reached its all time high in 1978 as measured by the principal 
exploration indicator, surface drilling. Data provided to DOE by the exploration companies indicated a 
total of 14.6 million meters (48 million feet) of drilling in 1978. In 1979, however, drilling declined 
to 12.5 million meters (41 million feet), and during 1980 the downward trend steepened with drilling 
estimated to be approximately 8.5 million meters (28 million feet) for the year (see Figure 9.4). 

Annual gross additions to reserves, a measure of exploration success, have been at high levels for the 
higher cost, i.e., $13.60 to $22.65 per kilogram ($30 and $50 per pound) U308 categories, but have been 
decreasing for lower cost levels. Costs have increased significantly in recent years raising the quality 
of resources needed to produce at a given cost level and reducing the quantities available at that level. 
For exampJe, in 1979 only 907 tonnes (1000 tons) were added to $6.80 ($15) cost revenues, but 47,164 
tonnes (52,000 tons) were removed, largely because of inflation, and an additional 12,698 tonnes {14,000 
tons) were depleted by production. Hence, in 1979, $6.80 ($15) reserves decreased from 263,030 to 204,075 
tonnes (290,000 to 225,000 tons). This trend continued in 1980. On the other hand, in 1979 some 84,351 
tonnes (93,000 tons) were added to $22.65 ($50) reserves and 69,839 tonnes (77,000 tons) removed for a net 
increase of 14,512 tonnes (16,000 tons) U3 08 • Thus, while exploration has been successful, the costs of 
producing the resources found are high in comparison with current prices and concurrently the cost of 
producing previously found resources has also increased. 

The sharp rise in exploration resulted from the increase in prices in the 1974 to 1976 period, the active 
procurement activity of utilities, and the optimistic projections of future growth in uranium demand. 
Many new companies became active in exploration. Over 150 companies were involved in exploration in 1979. 
Considering the drop in requirement projections the level of activity reached probably was in excess of 
real needs. Therefore, some reduction of effort more in line with future needs is not detrimental. 
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Fig. 9.3. Uranium areas of the United States. 
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9.3.2.3 Domestic uranium production and capability 

Domestic uranium production in 1980 was 19,573 tonnes (21,850 tons) U308 in concentrate. This represents 
a 15% increase over 1979 and is the highest U.S. production level for any single year. Production in 
recent months has been at record rates; the equivalent of over 19,954 tonnes (22,000 tons) U3 08 per year. 
This production comes from conventional mine-mill operations as well as nonconventional sources such as 
solution mining and byproduct recovery from processing of other minerals. The high production levels are 
in response to prior sales contracts. Buyers are actually receiving uranium in excess of their currently 
scheduled needs. 

Several new uranium processing facilities are under construction or planned which could bring the total 
national capacity to around 27,000 tonnes (30,000 tons) per year by the mid-l980s. 

Despite the increases in ore throughput and uranium production in 1980, a widespread curtailment of uranium 
mining and milling activities is underway. Production at some operating mines has been reduced and some 
planned mill expansions and construction are being postponed. The reduction in mine output will not be 
reflected in decreased uranium production until mine and mill ore stockpiles are reduced. 

Studies have been conducted on attainable uranium production levels from uranium reserves in the United 
States and related costs. The uranium production capability projections should not be construed as being 
estimates of actual future supply, but simply as potential production which may be available to meet 
whatever demand eventually exists. 

Using the "production center" concept, U.S. uranium production capability has been projected from ore 
reserves estimated as of January 1980, to be available at forward costs of $13.60 to $22.65 per kilogram 
($30 and $50 per pound) U308 or less. The production centers consist of operating (Class 1), committed 
(Class 2), planned (Class 3) uranium extraction and processing facilities, and projected (Class 4) facili­
ties based on probable potential resources. The study included conventional mills supplied by open pit 
and/or underground mines; solution mining and heap-leach operations; and operations where uranium is 
recovered as a byproduct of phosphate, copper, or beryllium mining and processing activities. 

Projections are based primarily on operating conditions - average ore grades, mill recoveries, and oper­
ating and capital costs- similar to those currently prevalent in the uranium mining and milling industry. 
Specific information on company plans, costs, and operating methods has been considered. 

Figure 9.5 shows the total projected production capability for $13.60 ($30) resources by resource category. 
Figure 9.6 shows the capability for $22.65 ($50) resources. Projected uranium demand and current sales 
commitments are also shown. Domestic demand is based on the DOE's Office of Uranium Resources and Enrich­
ment 1980 nuclear power growth projections, assuming no reprocessing and a 0.20% U-235 enrichment tails 
assay. 

9.3.2.4 Domestic reactor requirements 

The outlook for uranium requirements is closely related to the growth of nuclear power. On December 1, 
1980, there were 75 nuclear power reactors licensed to operate in the U.S., concentrated mostly in the 
East and Midwest. These plants have an electrical generating capacity of 55 Gigawatts (GWe). In addition 
to operating plants, there are under construction 86 plants with a total rated capacity of 95 GWe. Some 
of the plants are at such an early construction stage that they may be deferred or cancelled completely. 
An additional 17 reactors with 20 GWe capacity are on order. Together the group aggregates 170 GWe of 
capacity. However, the future for some of the ordered reactors is questionable. 

Latest projections of nuclear power growth by the DOE's Office of Uranium Resources and Enrichment (URE) 
and the Energy Information Administration (EIA), Table 9.2, show an increase in nuclear power licensed to 
operate from 55 GWe at the end of 1980 to 96 GWe in 1985, 129 GWe in 1990, 155 GWe in 1995, and 180 GWe in 
2000. EIA also projected a low case of 160 GWe ·and a high case of 200 GWe in 2000. 

There are alternative views on U.S. power growth. The DOE's Office of Planning and Analysis has projected 
nuclear growth to the year 1990 at 125 GWe and to the year 2000 at 150 GWe, based on historic delays to 
nuclear power growth. The DOE Office of the Assistant Secretary of Nuclear Energy has projected 400 GWe, 
based on energy demand, growth, nuclear competitiveness, and industry construction capability. All of 
these values are sharply reduced from the projected growth of the nuclear industry of just a few years 
ago. For example, in 1976 U.S. nuclear capacity in the year 2000 had been projected to be 500 GWe, and in 
1978 it had been projected to be 320 GWe. 
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ESTIMATED ANNUAL NEAR-TERM PRODUCTION CAPABILITY 
FROM R!SOURCESAVAILABLEAT $30/LB U308 OR LESS 

WITH CLASS 1, 2, AND 3 EXPANSIONS AND CLASS 4 

rn Classes 1-3, without expansions 
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Fig. 9.5. Estimated annual near-term production capability from resources available at 
$13.60 per kilogram ($30 per pound) of U30s or less with Class 1, 2, and 3 
expansions and Class 4. (To convert tons to tonnes, multiply by 0,907,} 

Even at the more conservative estimates, nuclear capacity still is expected to expand substantially and to 
provide a significant portion of future domestic electric capacity. Current methods of proiecting nuclear 
growth and uranium requirements are based on estimates of reactor startup dates considering construction . 
and licensing times, and systems power requirements. Accurate forecasts have proven to be difficult. 

The uranium needed_ to be delivered by uranium concentrate-producing plants as fuel for the nuclear plants 
will also increase over time; for the URE mid-case, from 12,063 tonnes (13,300 tons) U308 in 1981 to 
21,405 (23,600) in 1985, 26,212 (28,900) in 1990, 31,745 tonnes (35,000 tons) in 1995, and 36,280 tonnes 
(40,000 tons) in 2000, if the enrichment plants are operated at 0.20% U-235 tails assay. Cumulative 
uranium requirements through the year-2000 range from 462,570 to 562,340 tonnes (510,000 to 620,000) tons 
U308 with 516,990 tonnes (570,000 tons) U308 for the mid-case. 

Uranium requirements are based on normal lead times for fuel cycle steps and current technology for enrich­
ment and for reactor design and operation. There are possible improvements in enrichment which would 
allow use of lower tails assays which would reduce uranium requirements. There are also possible improve­
ments to reactor design and operation that could reduce uranium requirements. These factors .are not 
likely to have a significant impact on uranium demands until at least well into the 1990s. 

9.3.2.5 Uranium inventories 

Buyers• inventories of uranium have been increasing for several years as actual deliveries have been in 
excess of needs. Inventories at the beginning of 1980 totalled 32,742 tonnes (36,100 tons) of natural 
uranium (Table 9.3), with 25,033 tonnes (27,600 tons) held by utilities. In 1980, U.S. utilities sent an 
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Fig. 9.6. Annual production capability from resources available at $22,65 per kilogram 
($50 per pound) of U30s or less projected to meet nuclear power growth demand. 
(To convert tons to tonnes, multiply by 0.907.) 

Table 9.2. U.S. nuclear power growth projections 
(June 19801 

Power Range 

End of year [GW(e)] 

Low Mid High 
--~·-···---· 

1985 85 96 105 
1990 125 129 140 
1995 142 155 165 
2000 160 160 200 

-------·-··-··- ·-·-· 

Table 9.3. Buyers' inventories of natural uranium 
(Tons U30 8 1 

Beginning of Domestic Foreign 
Total 

year origin origin 

1976 22,600 1,100 23,700 
1977 25,600 3,500 29,300 
1978 25,100 3,600 28,700 
1979 28,000 5,200 33,200 
1960 30,800 5,300 36,100 

-----
(To convert tons to tonnes, multiply by 0.907.) 
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equivalent of 15,691 tonnes (17,300 tons) U308 to the DOE gaseous diffusion plants for enrichment. Thus, 
the 25,033 tonnes (27,600 tons) inventory level amounted to 1.6 years of U.S. utilities' needs. Of those 
U.S. utilities who have responded to questions on inventory levels, most have indicated that they desire a 
level amounting to about one year's needs, although some have reported inventory levels as small as three 
month's needs, while others desire inventories as great as two year's needs. Producers also had inventories 
of about 2,177 tonnes (2,400 tons) U308 at the beginning of 1980, which is about a normal working inventory. 
The outlook is for a continuing buildup of buyers' inventories, as current contracted deliveries are in 
excess of actual needs. 

9.3.2.6 Analysis of production capability and reactor capacity 

Study of attainable production capability from currently estimated $13.60 ($30) U.S. ore reserves an~ 
probable potential resource, previously referenced, indicates that production levels of 40,815 tonnes 
(45,000 tons) U308 per year can be achieved with aggressive resource development and exploitation 
including both mining and milling. Although the level may be achieved by use of domestic $13.60 ($30) ore 
reserves and probable resources alone, development and utilization of $30 possible and speculative cate­
gories and use of $22.65 ($50) ore reserves and potential resources would provide added assurance that the 
levels could be attained and sustained. Considering the use of $22.65 ($50) resource, a level of 54,240 
tonnes (60,000-tons)/year supply is achievable from currently estimated resources. Such a level could be 
reached by the early 1990s. Imported uranium and inventories would add to the supply from these projections. 

The level of nuclear generating capacity supportable with 54,240 tonnes (60,000 tons)/year of uranium, 
will vary with enrichment tails assay and recycle assumptions. Without recycle of uranium or plutonium 
and with a 0.30% U-235 enrichment tails assay, about 260,000 MWe could be supported. Without recycle and 
at 0.20% tails assay, about 310,000 MWe could be supported. With recycle of uranium and plutonium and a 
0.20% tails assay, about 520,000 MWe could be supported. All the levels of supportable capacity are above 
the 170,000 MWe of capacity in operation (55,000 MWe), under construction (95,000 MWe), and on order 
(20,000 MWe), as of late 1980. Thus, currently estimated resources can provide adequate uranium supplies 
for a sizable expansion to U.S. nuclear generating capacity. 

The cumulative lifetime (30 years) uranium requirements for all of the above reactors (170,000 MWe) would 
be about .907 million tonnes (1.0 million tons) U308 at 0.20% enrichment tails with no recycle, compared 
to the 1.45 million tonnes (1.6 million tons) mean value in $13.60 (($30) or the 2.27 million tonnes at 
$22.65 (2.5. million tons at $50)) ore reserves, by-product, and probable potential resources. Evaluation 
of long-term fuel commitments on the basis of ore reserves and probable potential resources is considered 
a prudent course.for planning. The lifetime commitment would be less than one·third of currently estimated 
$22.65 ($50) domestic resources, including the possible and speculative categories (see Table 9. 1). 

9.3.2.7 Uranium resource recovery 

In regard to the availability of estimated uranium resources considering recoveries in mining and ore 
processing, estimates of U.S. uranium resources represent the quantity of uranium estimated to be minable 
expressed as tons of U308 of ore in the ground. These estimates are a reflection of the information 
available to DOE at the time of the estimate and thus are dependent on the extent of exploration. In view 
of the considerations involved in preparing the resource estimates and the uranium resource outlooK, no 
adjustment for losses is warranted. 

U.S. mining practice results in recovery of high percentages of the uranium contained in a deposit. DOE 
resource estimation procedures consider the capabilities and requirements of mining systems currently in 
use so that the estimates are a realistic appraisal of what is minable. Because deposits frequently are 
not fully delineated before they are developed, it is not unusual for more uranium to be recovered from 
deposits than was included in ore reserves before such deposits were put into production. Mining company 
practice seeks to recover as much of the contained mineral content as possible before abandoning a mine. 
A strong incentive for such practice is the increase in financial returns. In the processing of uranium 
ores, recoveries generally are over 90%. In 1980, mill recovery averaged about 93%. Higher recoveries 
are usually possible if economically justified. 

9.3.2.8 High cost resources 

An alternative to identification of additional low-cost resources is the utilization of higher cost 
resources. The highest cutoff cost category included in DOE resources in Table 9. l, is $45.30 per 
kilogram ($100 per pound) of U308 • This level is an upper range of what might be of interest for 
utilization in light water reactors over the next few decades. 
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The increased price of oil and coal in the last few years has been a contributing factor to the increased 
price of uranium economically acceptable in light water reactors. This impact results from the relative 
insensitivity of nuclear electric power costs to increases in uranium prices. The cost of fuel is a very 
small fraction of the cost of power from a nuclear plant. In turn, the cost of natural uranium is only a 
small fraction of the fuel cost; enrichment, fabrication, reprocessing, and carrying charges make up the 
balance. As a result, large increases in uranium prices result in comparatively small increases in power 
costs. As pointed out in Section 9.3.2.6, nuclear capacity currently in operation, under construction, 
and on order, is expected to have adequate supplies of U308 at prices much lower than $45.30 per kilogram 
($100 per pound) in 1980 dollars. 

Knowledge of U.S. resources in the above $22.65 ($50) category is meager, largely because of the lack of 
past economic interest. There has been virtually no industry activity to search for or to develop such 
resources. Prospects for discovery of higher cost resources in the United States are considered promising 
at this stage of U.S. exploration. The principal large, very low-grade deposits that have been studied in 
some detail in the past are the shales and phosphates. The Chattanooga shale in Tennessee is of particular 
interest because of its large size. This deposit was extensively drilled, sampled, and studied in the 
1950s. The higher grade part of the Chattanooga shale has an average uranium content of about 60 to 
80 ppm compared to 1500 ppm in present-day ores. It contains in excess of 4.5 million tonnes (5 million 
tons) of U3 08 that may be producible at a cost of $45.30 or more per kilogram ($100 or more per pound) of 
U3 08 • Additional work to develop production technology will be needed. 

If Chattanooga shale were mined to fuel an 1150-MWe reactor, assuming recycle of uranium (but not of 
plutonium) and a 0.3% enrichment tail, about 11,428 tonnes (12,600 tons) of shale would have to be 
processed each day; with uranium and plutonium recycle (should that be practiced) and 0.20% enrichment 
tails, about 7,710 tonnes (8500 tons) per day would have to be processed. An average of about 10,250 
tonnes (11,300 tons) of coal would have to be burned each day if 20 MJ/kg (8700 Btu/lb) of coal were used 
to produce power equivalent to that produced by a 1150-MWe reactor. 

Utilization of the very low-grade resources such as Chattanooga shale would, of course, involve mining and 
processing very much larger quantities of ore than is currently mined to produce the same amount of uranium. 
From an environmental as well as from an economic point of view, identification and utilization of addi­
tional higher grade ores would be preferable. However, the shales are available if their use should 
become necessary. 

9.3.2.9 Prices 

During the period 1973-1979, the average delivery price per kilogram (pound) of U3 08 for sales from 
domestic producers to domestic buyers, in year-of-delivery dollars, increased from $3.22 to $10.80 ($7. 10 
to $23.85), as shown in Table 9.4. 

Year 

1973 
1974 
1975 
1976 
1977 
1978 
1979 

Table 9.4. Historical trend of 
average uranium prices 

(Dollars' per pound of U3 0 8 ) 

8 Year·of·delivery dollars. 

Final Price 

$ 7.10 
7.90 

10.50 
16.10 
19.75 
21.60 
23.85 

(To convert dollars per pound to dollars per 
kilogram, multiply by 0.453.) 

Future prices for material under contract as of July 1, 1980, as reported to DOE, is shown in Table 9.5. 
Also shown are the p~rcent~ge~ of materia~ under contract ~rice arrangements covering the price data 
presented. The rema1nder 1s 1n market pr1ce contracts or 1n captive production. 

9.3.2. 10 Foreign uranium resource position 

The most reliable source of information on world uranium resources is that compiled by the Working Party 
on Uranium Resources sponsored jointly by the Nuclear Energy Agency (NEA) and the International Atomic 

SCE-SER 000473

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 191 of 300
(482 of 2110)



9-12 

Table 9.5. Average contract prices and •ttled 
market price contracts for uranium 

July 1,1980 

IDollan" per pound of U30 8 I 

Percentages of 

Year Price procurement under 
contract price 

contracts 

1980 26.oo" 66 
1981 2a7fl> 55 
1982 34.80 47 
1983 41.40 43 
1984 43.45 35 
1985 43.45 32 
1986 46.85 16 
1987 43.55 18 
1988 42.70 22 
1989 51.85 23 
1990 53.25 16 

8 Year-of-<lelivery dollan. 
bThese yaan include settled market price contracts. 

Market price contract prices are determined sometime 
before delivery, based on prevailing market prices. 

(To convert dollars per pound to dollars per 
kilogram, multiply by 0.453.) 

Energy Agency (IAEA). This group has been gather'ing and publishing uranium resource estimates since 1965 
and includes most of the significant uranium resource countries. In compiling its estimates this group 
classifies resources as Reasonably Assured resources (roughly comparable to ore reserves in the usual 
mining industry sense) and Estimated Additional resources (roughly comparable to DOE's probable potential 
resources). Resources in the world outside of the centrally planned econ0111ies area (WOCA) are tabulated 
by continents and major countries in Table 9.6. 

Almost 80% of these resources are concentrated in three continents: North America, Africa, and Australia. 
Six countries within those continents- U.S., Canada, South Africa, Namibia, Niger, and Australia- have 
about three-quarters of the Reasonably Assured resources. This geographic concentration is a reflection 
of the geologic favorability of these areas as well as the extent of exploration and resource appraisal 
efforts to date. 

9.3.2. 11 Foreign production capacity and plans 

Studies by the NEA and the IAEA have also provided reliable information on world production capacity. The 
current production capacity of existing non-U.S. plants (Class 1) is about 34,466 tonnes (38,000 tons) 
UsOs annually, as shown in Table 9.7. This production is primarily in Canada, France, Namibia, Niger, an~ 
South Africa. 

Construction of new plants (Class 2) with a capacity of about 7,256 additional tonnes (8,000 tons) is 
taking place, primarily in Australia and Canada. Plants that are planned (Class 3), could increase total 
annual production by another 32,652 tonnes (36,000 tons) U308 for a total of 76,188 tonnes (84,000 tons) 
U30a by 1990. Since needs for uranium are well below attainable production capacity levels, and prices 
would not justify all operations, it is likely that many of the projected plants will be built on a 
deferred schedule. It is also possible that some new plants will replace existing operations. Countries 
of particular significance in future production expansion are Australia and Canada, which have 82% of 
capacity under construction and 70% of the planned additional capacity. 

9.3.2. 12 Foreign reactor requirements 

The uranium requirements in non-Communists foreign countries have been projected by the Energy Informatior 
Administration based on the reactors planned and timing of construction. Table 9.8 shows three cases of 
power plant growth which, by the year 2000, range from 300 GWe to 400 GWe of nuclear power in operation. 
The mid-case is taken as the most likely one. However, nuclear power growth projections have been subject 
to continual downward revision in the last several years. 

SCE-SER 000474

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 192 of 300
(483 of 2110)



9-13 

Table 9.6. Worid uranium resources by continent" 

(World outside centrally planned economies area) 
(thousand tons U3 0al 

------------.-~--·---

Reasonably assured Estimated additional 

$30/lb $50/lbb $30/lb $50/111' 

North America 

u.s. 645 940 885 1,430 
Canada 280 305 480 945 
Other 9 44 44 65 

Total 930 1,290 1,410 2,440 

Africa 

South Africa 320 508 70 180 
Niger 210 210 69 69 
Namibia 152 173 39 69 
Other 109 115 2 22 

Total 790 1,000 180 340 

Australia 

Total 380 390 165 180 

Europe 

France 51 72 34 60 
Spain 13 13 11 11 
Sweden 1 390 0 4 
Other 22 31 19 53 

Total 90 510 60 130 

Asia 

India 39 39 1 31 

Other 13 21 0 0 
Total 50 60 0 30 

South America 

Brazil 96 96 t17 117 
Argentina 30 36 5 12 

Other 0 0 7 8 
Total 130 130 130 140 

Worldwide total (rounded) 2,400 3,400 1,900 3,300 
~ ·-·-·--------

aModified from "Uranium Resources, Production and Demand" OECD, 
Nuclear Energy Agency (NEAl, and the International Atomic Energy Agency 
(IAEA), December 1979. 

b Includes resources at $30 per pound of U3 0 8 • 

(To convert tons to tonnes, multiply by 0.907; to convert 
$ per pound to$ per kilogram, multiply by 0.453.) 

In order tq supply these nuclear plants, EIA has estimated the amount of uranium required assuming 0.20% 
U-235 enrichment plant tails and no recycle of uranium or plutonium. Table 9.8 gives the annual tons U308 
from 1980 to 2000 for high-, mid-, and low-cases. 

For the mid-case, foreign requirements increase from 16,689 tonnes (18,400 tons) U308 in 1980, to 23,763 
tonnes (26,200 tons) U308 in 1985, and to 49,069 tonnes (54,100 tons) U308 in the year 2000, Cumulative 
requirements through the year 2000 total 650,319 tonnes (717,000 tons) U308 • 

If all the planned foreign mine-mill production came on-stream as currently projected, there would be 
considerable excess capacity. If only operating mills or those under construction were available by the 
late 1980s, production capacity would cover annual demands through the late 1990s. 
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Year 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Total 

Australia 

18 2 3 

1.3 0 0 

1.8 1.1 0 

1.8 3.3 0 

1.8 3.3 0 

1.8 3.3 0 

1.8 3.3 6.5 

1.2 3.3 11.5 

1.2 3.3 11.5 

1.2 3.3 11.5 

1.2 3.3 11.5 

1.2 3.3 11.5 

Canada 

2 3 

9.8 0 0 

9.8 1.4 0 

9.8 1.9 0 

10.5 1.9 2.0 

11.0 2.9 4.0 

12.0 2.9 5.0 

12.0 2.9 7.2 

12.0 2.9 7.2 

12.0 2.9 7.2 

12.0 2.9 7.2 

12.0 2.9 7.2 

a Class: 1. Currently operating plants 
2. Plants under construction 
3. Planned plants 
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Table 9.7. Foreign uranium production capability 

!Thousand tons U3 0al 

France ----
2 3 

4.5 0 0 

4.5 0.2 0 

4.5 0.5 0 

4.5 0.7 0 

4.5 0.7 0 

4.5 0.7 0 

4.5 1.4 0 

4.5 1.4 0 

4.5 1.4 0 

4.5 1.4 0 

4.5 1.4 0 

Namibia 

2 3 

5.3 0 0 

5.3 0 0 

5.3 0 0 

5.3 0 1.2 

5.3 0 1.2 

5.3 0 1.2 

5.3 0 1.2 

5.3 0 1.2 

5.3 0 1.2 

5.3 0 1.2 

5.3 0 1.2 

Niger 

1 2 3 

5.2 0 0 

5.2 0 0 

5.2 0 0 

5.2 0 0 

5.2 0 0.7 

5.2 0 2.5 

5.2 0 5.2 

5.2 0 5.2 

5.2 0 5.2 

5.2 0 5.2 

5.2 0 5.2 

S. Africa 

1 2 3 

aa o o 
8.3 0 1.2 

8.3 0 2.9 

8.3 0 4.6 

8.3 0 5.2 

8.3 0 5.5 

8.3 0 5.6 

8.3 0 5.6 

8.3 0 5.5 

8.3 0 5.5 

8.3 0 5.2 

Other:b 

2 .3 

4.1 0 0 

4.1 0 0.8 

4.1 0 3.0 

4.1 0 4.1 

4.1 0 4.4 

4.1 0 5.1 

4.1 0 5.1 

4.1 0 5.2 

4.1 0 5.3 

4.1 0 5.4 

4.1 0 5.5 

Foreign Total 

1 2 3 

38.5 0 0 

39.0 2.7 2.0 

39.0 5.7 5.9 

39.7 5.9 11.9 

40.2 6.9 15.5 

41.2 6.9 25.8 

40.6 7.6 35.8 

40.6 7.6 35.9 

40.6 7.6 35.9 

40.6 7.6 36.0 

40.6 7.6 35.8 

84.0 

b Includes: Argentina, Brazil, CAR, Gabon, India, Italy, Mexico, Portugal, Spain, Yugoslavia. Based on "Uranium Resources, Production and Demand," 
December 1979. · 

(To convert tons to tonnes, multiply by 0.907.) 

Table 9.8. ForeiiJn nuclear capacity and uranium requirements 

1980 
1985 
1990 
1995 
2000 

Capacity 
[GW(e)J 

Low Mid Hi\tl 

66 
117 
165 
229 
300 

68 
124 
181 
252 
350 

77 
128 
201 
280 
400 

"0.20% U-235 tails assay. 

Low 

17,300 
24,000 
27,500 
34,600 
42,700 

Requirements 
(tons U30el" 

Mid 

18,400 
26,200 
31,600 
41,500 
54,100 

Hi\tl 

19,800 
29,200 
32,700 
47,800 
64,300 

(To convert tons to tonnes, multiply by 0.907.) 

Additional projections of WOCA nuclear growth and uranium requirements were developed during the Inter­
national Nuclear Fuel Cycle Evaluation (INFCE). While the projections are now considered ~s high by many, 
they do provide an additional, more optimistic, viewpoint on future nuclear growth. The INFCE low case-. 
modified to exclude the U.S. - indicated a growth in foreign (WOCA} nuclear capacity from 82 GWe at the 
end of 1980 to 217 GWe in. 1990 and 580 GWe in the year 2000. Corresponding foreign uranium requirements 
would be 19,047 tonnes (21,000 tons) in 1980, 45,350 tonnes (50,000 tons) in 1990 and 108,840 tonnes 
(120,000 tons) in 2000. Such projections indicate a much larger p~ssible growth in future uranium demands 

9.3.2. 13 Foreign competition and the domestic industry 

The concentration of world uranium resources and production has, in past periods of low prices and ore 
production, fostered attempts to form cartel-like organizations seeking to restrict the free movement of 
uranium and influence pricing. The concentration of uranium production in a few countries will continue 
for some time, though there is an increasing diversity of supply sources. The opportunity for future 
foregin cartel·like activities will continue; particularly if uranium producer country governments are 
involved, which has been the case in the past. However, the severe criticism of such practice and. the 
legal actions that have resulted in tne United States might operate to discourage such activities in the 
future. Since the U.S. has the capability of producing a large portion- or all -of its uranium needs, 
and since the U.S. uranium buyers historically have shown a strong preference for domestic uranium, the 
U.S. is not expected to develop a large dependence on foreign uranium. These factors would tend to reducE 
the susceptibility of the U.S. to direct impacts of any carte1·1ike activity. 
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9.3.2. 14 Conclusions 

In conclusion, DOE assessment of uranium resources indicates that currently estimated ore reserves and 
probable potential resources at forward costs up to $13.60 per kilogram ($30 per pound) U3 08 total over 
1.36 million tonnes (1.5 million tons), and at forward costs up to $22.65 per kilogram ($50 per pound) 
U3 08 total almost 2.17 million tonnes (2.4 million tons). The 2.17 million tonnes (2.4 million tons) U3 08 
will support 390 GWe of nuclear power generating capacity, assuming a 30-year life for the reactors, no 
spent fuel reprocessing and an enrichment plant tails assay of 0.20% U-235. Under the latest DOE forecast 
for nuclear generating capacity in the post-2000 period, these resources should support U.S. nuclear power 
growth, including SONGS 2 and 3, well into the next century. However, meeting the uranium requirements 
for an expanding U.S. nuclear power industry will require extensive industry efforts to sustain exploration, 
and success in discovering and developing the potential uranium resources. 

Foreign uranium resources are substantial and have been growing. Some of the more recently discovered 
deposits, especially in Canada and Australia, will have comparatively low-cost uranium production. The 
staff, therefore, concludes that there will be sufficient nuclear fuel available for SONGS 2 and 3. 

9.4 DECOMMISSIONING 

A license to operate a nuclear power plant is issued for a period of 40 years, beginning with the issuance 
of the construction permit. At the end of the 40-year period the operator of a nuclear power plant must 
renew the license for another time period or apply for termination of the license and for authority to 
dismantle the facility and dispose of its components. 8 If prior to the expiration of the operating 
license, technical, economic, or other factors are unfavorable to continued operation of the plant, the 
operator may elect to apply for license termination and dismantle authority at that time. In addition, at 
the time of applying for a license to operate a nuclear power plant, the applicant must show that he 
possesses "or has reasonable assurance of obtaining the funds necessary to cover the estimated costs of 
permanently shutting the facility down and maintaining it in a safe condition." 9 These activities, 
termination of operation and plant dismantling, are generally referred to as "decommissioning." 

NRC regulations do not require the applicant to submit decommissioning plans at the time the construction 
permit and operating license are obtained; consequently, no definite plan for the decommissioning of the 
station has been developed. At the end of the station's useful lifetime, the applicant will prepare a 
proposed decommissioning plan for review by the Nuclear Regulatory Commission. The plan will comply with 
NRC rules and regulations then in effect. 

The decommissioning of reactors is not new. Since 1960, five licensed nuclear plants, four demonstration 
nuclear power plants, six licensed test reactors, 28 _licensed research, and 22 licensed critical facili­
ties have been or are in the process of being decommissioned. 10 The primary methods of decommissioning 
consist of mothballing, entombing, dismantling, or a combination of these three alternatives. The primary 
methods are defined below in terms of the definitions provided in Regulatory Guide 1.86. 11 

Mothballing is the process of placing a facility in a nonoperating status. The reactor may be left intact 
except that all reactor fuel, radioactive fluids, and nonfixed radioactive wastes such as ion exchange 
resins, contaminated scrap materials, and contaminated chemicals are removed. The existing license is 
amended to a "possession only" status and continues in effect until residual radioactivity decays to 
levels acceptable for release to unrestricted access or until residual radioactivity is removed. The 
"possession only" license is a reactor facility license that permits a licensee to possess the facility 
but prohibits operation of the facility as a nuclear reactor. 

Entombment consists of removing all fuel assemblies, radioactive fluids, and wastes followed by the seal­
ing of remaining radioactive material within a structure integral with the biological shield or by some 
other method to prevent unauthorized access into radiation areas. A program of inspection, facility 
radiation surveys, and environmental sampling is .required for a licensed facility that has been entombed. 

Dismantling is defined as removal of all fuel, radioactive fluids and waste, and all radioactive 
structures. Surface contamination levels, established in Table 1 of Regulatory Guide 1.86, must be met 
prior to termination of the facility license. In addition to meeting the surface contamination levels, 
the acceptability of the presence of materials which have been made radioactive by neutron activation 
would be evaluated on a case-by-case basis prior to termination of the license. If the facility owner so 
desires, the remainder of the reactor facility may be dismantled and all vestiges removed and disposed of. 
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For a single nuclear reactor, the mothballing alternative costs about $2.45 million initially plus an 
annual maintenance and surveillance cost of $167,000. If a 24-hr manned security force is not required 
(e.g., a site with continuing operations), the annual cost could be reduced to $88,000. Translating thes• 
costs into unit cost of generating electricity, the 30-year levelized unit cost* would be about 0.04 
mills/kWhr and if a manned security force is not required about 0.03 mills/kWhr. 12 

The entombing alternative costs about $7.58 million initially for a single unit facility plus an annual 
maintenance and surveillance cost of $58,000 for the duration of the entombment period. 13 These costs~ 
when translated to a 30-year levelized unit cost* basis, amount to about 0.06 mills/kWhr. 

The dismantling alternative for a single nuclear power reactor costs about $33.3 million to remove the 
radioactive structures associated with NRC requirements for terminating a possession only license. 12 An 
additional $4.8 million would be needed to remove the nonradioactive structures (cooling towers, adminis­
tration buildings, etc.) to below grade. 13 There are no annual costs associated with this alternative. 
When the dismantling costs are translated to a 30-year levelized unit cost* basis, this amounts to about 
0.17 mills/kWhr. 

Combinations of mothballing and delayed (about 100 years) dismantling have 30-year levelized unit costs 
that are about the same as the mothballing alternative costs. Likewise, the costs for the entombing 
delayed dismantling combinations are about the same as the entombing cost. In both instances the annual 
maintenance cost for mothballing and entombing alternatives, on a present value basis, is sufficient to 
cover all the delayed dismantling cost for the mothballing alternative and about 80% for the entombing 
alternative. 

Although the above costs are for a one-unit station, the savings associated with multiunit stations are 
small; thus, the unit cost (mill~/kWhr) is essentially the same for a single unit station or multiunit 
station. For the San Onofre Nuclear Generating Station Units 2 and 3 the decommissioning costs would be 
about double that indicated for all of the decommissioning one-unit alternatives. 

Studies of social and environmental effects of decommissioning large commercial power generating units 
have not identified any significant impacts. 13 

Also, studies indicate that occupational radiation doses can be controlled to levels comparable to occu· 
pational doses experienced with operating reactors through the use of appropriate work procedures, 
shielding, and remotely controlled equipment. 13 

The applicant may retain the site for power generation purposes indefinitely after the useful life of the 
station. The degree of dismantlement would be determined by an economic and environmental study involvint 
the value of the land and crop value versus the complete demolition and removal of the complex. In any 
event, the operation will be controlled by rules and regulations in effect at the time to protect the 
health and safety of the public. 

SONGS 2 and 3 are designed to operate for about 30 years, and the end of their useful life will occur 
approximately in the year 2011. The applicant has made no firm plans for decommissioning, but assumes 
that the following steps would be taken as minimum precautions for maintaining a safe condition: 

1. All fuel would be removed from the facility and shipped offsite for disposition. 

2. All radioactive wastes- solid, liquid,.and gas- would be packaged and removed from the site insofa1 
as practical. 

A decision as to whether the station would be further dismantled would require an economic stuqy involvin! 
the value of the land and scrap value versus the cost of complete demolition and removal of the complex. 
However, no additional work would be done unless it is in accordance with rules and regulations in effect 
at the time. 

In addition to personnel required to guard and secure the station, concrete and steel would be used to 
prevent ingress into any building, particularly the radioactive areas. 

Since the San Onofre site is located on U.S. Marine Corps property, the applicant must, if desired by the 
government, remove all of the improvements installed on the site at the end of the applicant's lease 
arrangement. This requirement could potentially entail complete removal and dismantling of the plant (ER, 
Section 5.8). 

Based on a 1200-MWe generating unit beginning operation in 1958, a capacity factor of 60%, an 
escalation rate of 5%, and a discount rate of 10%. A more complete analysis of decommissioning costs can 
be found in Appendix B of NUREG-0480.6 
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10. BENEFIT-COST SUMMARY 

~ ~ 

10.1 RESUME 

There have been minor changes in the benefit-cost analysis of station operation since the 
issuance of the FES-CP in March 1973. The most significant changes are that the staff has 
revised the economic cost estimates upwards to reflect the rapid escalation seen during the 
last few years and has included among the benefits of station operation the fuel oil savings 
that will be made possible by having additional non-oil-fired, base-load capacity available 
in the California Power Pool. There have been essentially no significant changes in the staff's 
assessment of the environmental costs of operating SONGS 2 & 3; however, a broadening of the 
review process has occurred and is reflected in Table 10.1. 

10. 2 BENEFITS 

The primary benefits of station operation will be the 9.3 to 13.0 billion kWhr of electricity 
produced by the two additional units each year (assuming a range of capacity factors of 50 to 
70%), the increase in the reliability of electric service resulting from the addition of 2114 
MWe of generating capacity, and an estimated regional decrease in the consumption of fuel oil 
of 13.2 million to 18.5 million barrels of oil per year (again assuming a range of capacity 
factors of 50 to 70%). 

The staff also notes that operation of SONGS 2 & 3 will result in the generation of local 
revenues through property taxes and state sales and use taxes (annual property taxes will be 
approximately $13 million while state sales and use taxes resulting from station operation 
are estimated to be $3 million per year) and will increase local employment (over 300 new 
jobs will be directly created, with the average income of station workers being approximately 
$30,000 per year in 1980 dollars). However, these considerations are not included in the 
staff's benefit-cost analysis because from a societal viewpoint these local benefits are in 
actuality transfer payments from those using the electricity generated by the station to 
the recipients of the tax and employment benefits. 

10.3 ECONOMIC COSTS 

Since the issuance of the FES-CP the fuel, operating, and maintenance costs of nuclear plant 
operation have escalated more rapidly than anticipated by the staff in 1973. Based on more 
recent information, the staff now estimates the 1983 costs of station operation to be as 
follows: fuel costs- $120 million per year; operating and maintenance costs -$45 million 
per year; and decommissioning costs- $2.7 million per year. 

10.4 ENVIRONMEiHAL COSTS 

Since the issuance of the FES-CP the applicants have accumulated additional environmental data 
and have made modifications in the station design. The staff, on making a reassessment of the 
environmental costs of station operation based on this new information, has found that the 
conclusions reached in the FES-CP are still valid. Table 10.1 summarizes the staff's assessment 
of the environmental impacts of station operation. 

10.5 SOCIAL COSTS 

The restriction in public use of 1.4 km (0.85 mile) of the San Onofre Beach is a significant cost 
of operation of the station. The number of personnel needed to operate SONGS 2 & 3 is a small 
fraction of the expected population growth in the communities near the station. As a result, 
the extra cost of providing public services to station personnel who relocate in the area is 
not likely to be discernible in these communities. 

10-1 
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Table 10.1. Benefit-cost 111mmary for the operetion of 
SONGS2&~ 

Primary impact and population or 
resource affected 

Unit of measure 

ENERGY (60-70% capacity factor) 
CAPACITY 
REDUCED FUEl Oil CONSUMPTION 
(50-70% capacity factor) 

DIRECT BENEFITS 

kWhr/yr X toa 
kWX 103 
bbl/yr X 106 

ECONOMIC COSTS 

OPERATING (1980 dollars, 60% capacity factor) 
,_Fuel 
Operation and maintenance 

DECOMMISSIONING (annualized value) 

$/year 
$/year 
$/year 

ENVIRONMENTAL COSTS 

IMPACT ON LAND 
Land use 
Terrestrial ecology 

IMPACT ON WATER 
Fresh water consumption 
Salt water consumption 
Heat di$Charge to natural water body 

Aquatic biota 
Migratory fish 

Chemical di$Charge to natural water body 
People 
Aquatic biota 
Water quality 

Radionuclide contamination of natural 
surface water body 

All except tritium 
Tritium 

Chemical contamination of groundwater 
People 
Plants 

Radionuclide contamination of groundwater 
People 
Plants and animals 

Effects on natural water body of condenser 
cooling system operation 

Primary producers and consumers 
Fisheries 

Natural water drainage 
Flood control 
Erosion control 

IMPACT ON AIR 
Chemical discharge to embient air 

Air quality, chemical 
Air quality, odor 

Radionuclides di$Charged to embient air 
· Noble gases 
Radloiodines 
Carbon·14 
Argon-41 
Tritium 
Particulates 

Fogging and icing 
TOTAL BODY DOSES TO U.S. POPULATION 

General public, unrestricted area 

gal/day 

Ci/vear /unit 
Ci/year /unit 

Ci/year/unit 
Ci/year/unit 
Ci/year /unit 
Ci/year /unit 
Ci/year /unit 
Ci/year/unit 

Man-rem/year 

SOCIETAL COSTS 

OPERATIONAL FUEL DISPOSITION 
Fuel transport (new) 
Fuel storage 
Waste products (spent fuel) 

PLANT LABOR .FORCE 

Trucks per year 

Trucks per year 

•See Appendix C for calculations and explanations of table entries. 

(To convert gal to liters, multiply by 3,7.) 

Magnitude of impact 

9,3()0-13,000 
2,114 
13.2-18.5 

120,000,000 
45,000,000 
1.100,000 

Insignificant 
Negligible 

1,066,000 
Insignificant 

Insignificant 
Insignificant 

Not discernible 
Not discernible 
Not discernible 

1.1 
300 

Not discernible 
Not discernible 

Not discernible 
Not discernible 

Small 
Small 

No damage 
Insignificant 

Negligible 
Negligible 

8,800 
0.195 
B 
25 
1,100 
0.34 
None 

442 

11 
In-building storage 
200 
Insignificant 

SCE-SER 000482

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 200 of 300
(491 of 2110)



10-3 

10.6 ENVIRONMENTAL COSTS OF THE URANIUM FUEL CYCLE AND TRANSPORTATION 

The staff has evaluated the environmental impacts of the uranium fuel cycle as presented in 
Table 5.8 and has found these impacts to be sufficiently small so that when superimposed upon 
the other environmental impacts assessed against the operation of the station, they do not 
alter the overall benefit-cost balance. 

10.7 SUMMARY OF BENEFIT-COST 

As the result of this second review of potential environmental, economic, and social impacts, 
the staff has been able to forecast more accurately the effects of station operation. The 
higher economic costs identified by the staff would not alter the staff•s previous conclusion 
as to the overall balancing of the benefits of the station versus the environmental costs, 
whereas the benefit from the reduction in the regional consumption of fuel oil is felt to add 
significantly to the total benefits of station operation. Additional environmental costs have 
been identified as: (1) removal of approximately 1.4 km (0.85 mile) of beach from unrestricted 
public use, (2) possible destruction of at least a portion of the San Onofre Kelp Bed durin9 
the summer months by the heated water discharge, (3) occupation of about 7.2 ha (17.8 acres) 
of land by new towers, access roads, and switchyards associated with new transmission facilities, 
(4) environmental effects of the uranium fuel cycle as enumerated in Table 5.8, and (5) environ­
mental impacts of transportation of fuel and waste to and from nuclear power plants as indicated 
in Table 5.7. Consideration of these additional costs together with those identified in the 
FES-CP does not alter the position taken in the FES-CP that the environmental and social costs 
are acceptable and that these costs are outweighed by the primary benefits of operating 
SONGS 2 & 3. 
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11. DISCUSSION OF COMMENTS RECEIVED ON THE DRAFT 
ENVIRONMENTAL STATEMENT 

Pursuant to 10 CFR Part 51, the Draft Environmental Statment and a supplement to the Draft 
Environmental Statement related to the operation of the San Onofre Nuclear Generating Station, 
Units 1 and 2, were transmitted, with a request for comments, to: 

Department of Agriculture 
Department of Army (Corps of Engineers) 
Department of Commerce 
Department of Energy 
Department of the Interior 
Department of Health, Education, and Welfare 
Department of Housing and Urban Development 
Department of Transportation 
Environmental Protection Agency 
Federal Energy Regulatory Commission 
Advisory Council on Historic Preservation 
California Department of Health (Water Pollution Control Commission, Air Pollution 

Control Commission, Occupational Health Office) 
Ca 1 iforni a Department of Natura 1 Resources 
California Department of Parks and Recreation 

In addition, the NRC requested comments on the Draft Environmental Statement and its supplement 
from interested persons by a notice published in the Federal Register on December 6, 1978 
(43 FR 25183) and January 13, 1981 (46 FR 7435), respectively. In response to the request 
referred to above, comments were received from: 

Draft Environmental Statement 

U.S. Department of Agriculture, Science and Education Administration (DASEA) 
U.S. Department of Agriculture, Economics, Statistics and Cooperative Services (DAESC) 
U.S. Department of Agriculture, Soil Conservation Service (DASCS) 
Department of Housing and Urban Development (HUD) 
Department of the Army, Corps of Engineers (COE) 
Federal Energy Regulatory Commission (FERC) 
U.S. Department of the Interior (DOl) 
Rourke and Woodruff Law Offices (RWL) 
U.S. Department of Commerce (DOC) 
Department of Health, Education, and Welfare (HEW) 
Southern California Edison Company (SCE) 
U.S. Environmental Protection Agency (EPA) 
Mr. Marvin I. Lewis (MIL) 
Richard J. Wharton (RJW) 

Supplement to the Draft Environmental Statement 

U.S. Dearptment of Agriculture, Economics, Statistics and Cooperative Services (DAESC) 
Federal Energy Regulatory Commission (FERC) 
U.S. Department of the Interior (DOl) 
U.S. Environmental Protection Agency (EPA) 
Union of Concerned Scientists (UCS) 
Richard J. Wharton (RJW) 
Southern California Edison Company (SCE) 
Frank H. Grundel (FHG) 
San Diego Association of Governments (SAG) 
U.S. Department of Agriculture, Soil Conservation Service (DASCS) 
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The comments are reproduced in this statement as Appendix A. The staff's consideration of 
the comments received and its disposition of the issues involved are reflected in part by 
changes in the text in the pertinent sections of this Final Environmental Statement and in 
part by the discussion in Section 11. The comments are categorized by subject and are 
referenced by the use of the abbreviations indicated above. The pages in Appendix A on 
which copies of the respective comments appear are indicated by each subject title relating 
to the comment, and in the index to Appendix A. 

11.1 EROSION CONTROL (OASCS, A-4) 

The applicant's erosion control plans are briefly discussed and referenced in Sections 6.2.2 
and 6.3.2. In addit~on, the treatment of disturbed areas is addressed in the FES-CP. Such 
discussions are beyond the scope of the OL review. 

11.2 LOSS OF PRIME LANDS (OASCS, A-4) 

The discussion of prime lands lost to access roads and transmission towers, which is 
presented in Appendix E of the DES, is based on available information as a result of staff 
discussions with Mr. Jack Smith and Mr. Ted Thee of the Soil Conservation Service (SCS) 
Escondido Field Station and Mr. Jon Christianson of the SCS Tustin Field Office. 

11.3 RECREATION RESOURCES (DOl, A-5; RJW, A-48) 

The original plan to allow recreational use in the beach area immediately adjacent to the 
nuclear plant was altered in the course of hearings before the ASLB and ASLAB based on safety 
considerations. The staff reasserts its judgment that, while significant, the impact of 
beach closure is not sufficient to warrant denying the applicant an Operating License for 
SONGS 2 & 3. While the 1.4 km (0.85 mile) of beach to be closed must be considered a valuable 
recreational resource, there are approximately 5.6 km (3.5 miles) of State Beach immediately 
south of this area and almost 1.1 km (0.7 miles) immediately north which remain open to the 
public. Of those three parcels of beach, the one to be closed gets substantially less use 
than the other two and is directly adjacent to the SONGS complex, where the natural 
aesthetics of the area have been altered by plant development. Finally, while the 30 years 
of beach closure is clearly a long time, it does not represent an "irreversible and irretriev­
able commitment of resources" as the intervenors contend. For these reasons, it is the 
judgment of the staff that the closure of this stretch of beach, while significant, is not 
sufficiently adverse to warrant forbidding plant operations. 

11.4 RADIOLOGICAL IMPACTS (HEW, A-10; SCS, A-30; EPA, A-40/A-42; MIL, A-45; RJW, A-50) 

The NRC staff agrees it is appropriate to note that dose commitments to any individual will 
also meet EPA regulation 40 CFR 190 which requires that such doses will not exceed 25 mrem/ 
year to any individual. 

The recent AIF study* referred to in this comment was an effort to provide the potential 
impact'of lowering the exposure limit to 500 millirems per year. The data were developed to 
fit the model that the AIF developed to evaluate the impact of the exposure limit reduction. 
The exposure data were meant to portray the~ of exposure situations which occur at PWR's 
but are not likely to occur every year at each plant. (See Section 5.5.1.4 for staff con­
sideration of occupational radiation exposures.) 

Table 5.8 is based on NRC Table S-3, from 10 CFR Part 51, and is a generic discussion of 
impacts for the balance of the uranium fuel cycle. The staff is bound by the Commission 
standard as shown in Table 5.8. A discussion of alternative handling of HLW.or TRU wastes 
is therefore inappropriate for considerations of licensing SONGS 1 & 2. 

*11A Preliminary Assessment of the Potential Impacts on Operating Nuclear Power Plants at a 
500 millirem per Year Occupational Exposure Limit," J. Vance, C. Weaver, E. Lepper, AIF, 
April 1978 (unpublished). 
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The staff has made its own independent and reasonably conservative estimates of potential 
doses to maximum individuals as a result of the operation of SONGS 2 & 3. Considering the 
uncertainties involved in such calculations, the staff finds a factor of 3 difference to be 
in very good agreement. Therefore, the staff rejects the request that Table 5.4 of the DES 
be revised in order to be consistent with applicant's estimated doses. 

The staff calculation was for sport fish taken in the mixing zone, not 0-10 miles from the 
outfall, and is an independent and a reasonably conservative estimate of doses to a maximum 
individual. It is true that doses would be much less at greater distances from the outfall. 
However, the staff rejects the suggestion that Tables 5.6 (and 5.2 and 5.3) are in need of 
revision in order to be consistent with the applicant's estimates, particularly when both 
sets of estimates are orders of magnitude below the Appendix I design objective doses. 

The staff agrees that the DES contains relatively little information regarding beach use at 
the SONGS site. Detailed discussion is presented in the Applicant's ER (e.g., pp. 2.1-4 to 
2.1-7, and 5.2-1 through 5.2-54). In addition, more information regarding the staff conclu­
sions and assumptions relating to doses to transient populations at the beach is presented 
in response to EPA comments. 

The dose to individual users of the beach was not calculated for the following reasons: 

1. The prevailing wind direction generally carries radioactive effluents away from the 
beach, thereby lowering potential exposures. 

2. The beach is part of the exclusion area of the plant site, and public use (e.g., sun­
bathing and picnicking) is not permitted (e.g., seep. 2.105 of the applicant's ER). 

3. The walkway connecting the south and north beaches is at the bottom of a 28-ft seawall 
which effectively shields passerbys from any direct radiation from the plant. 

4. Although the dose rates at the site boundaries are expected to be low, annual doses to 
individuals would be even lower due to limited exposure times in transit between beaches. 

Doses to individuals at the visitor center (0.1 mi E) were calculated, but occupancy factors 
result in much lower annual doses than calculated from permanent residents assumed living 
year-around at the WNW site boundary (0.36 mi) reported in the DES. As noted in 
Section 5.5.1.4, direct radiation (other than from the gaseous plume) from SONGS 2 & 3 is 
expected to be very low at the beach area. When coupled with limited exposure periods for 
transients, and shielding from the 28-ft-high seawall, the potential annual doses would be 
insignificant. 

Population doses included transient populations by sector within 10 miles of the site. Trans­
ient populations were added to the projected resident populations for the year 2000 by assuming 
each transient spent one full day (24 hours) visiting during each year. 

10 CFR Part 20 (10 CFR 20.105a) has been modified to include the provisions of 40 CFR 
Part 190. Also, the SONGS 2 & 3 technical specifications will require a demonstration 
to show compliance with 40 CFR Part 190 considering the operation of three reactors at 
the SONGS site. 

Section 5.5.3 of the FES has been modified to include the long-term environmental effects 
associated with,carbon-14, krypton-85, and tritium releases of the fuel cycle excluding the 
reactor releases. These modifications were added to the earlier discussion which focused 
largely on the radon-222 impacts. 

Staff estimates of the longer term effects of carbon-14, tritium, krypton-38, and releases 
of the reactor contribute less than 30% of the total fuel cycle impacts presented in 
Section 5.5.3 of the FES. Health effects reported in the FES on a "per reactor year" basis 
can be multiplied by the reactor operating time (i.e., 30 years) to obtain'the total or 
integrated estimate. 

Neve"rtheless, the staff is in the process of modifying its calculation methodology to auto­
matically consider the radiological impacts of effluent releases of the entire nuclear fuel 
cycle. 

It is important to note that the FES results conservatively include the impacts of both 
uranium and plutonium recycle even though such operations are not currently permitted. 
Thus, the FES results are conservative for any recycle option, especially the "throw-away" 
cycle, the option currently allowed. 
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The NRC staff has reevaluated the proposed preoperational radiological environmental monitor­
ing program for SONGS 2 and 3. The proposed program is based on the existing SONGS 1 ppera­
tional program. That program will be revised in the near future to meet the Appendix I 
(10 CFR Part 50) requirements now being incorporated into the Environmental Technical 
Specifications for Unit 1, thereby updating the preoperational program for Units 2 and 3. 

Response to specific EPA comments are as follows: 

1. Current NRC criteria require collection and measurement of I-131 only, since it is the 
radioiodine which accounts for essentially all of the radioiodine environmental pose 
commitment (nearly all of which is through food pathways). The reason the applicant 
specified a maximum of 8 days was to be certain that the samples can be collected, 
transported to a laboratory (often at a considerable distance), and analyzed "within 
8 days" under difficult circumstances (e.g., storms, trucking strikes, etc.). In most 
cases the elapsed time will be much less. 

2. The intent of the air sampling program·is to monitor continuously at all sites. 
However, experience has shown that occasionally air sampling equipment fails during a 
7-day period, and the samples are of no value. The same experience indicates the 
applicant can almost always achieve 75-80% reliability. 

That is the only reason for mention of "a minimum of 10 samples per quarter" by the 
applicant. 

3. The staff agrees that it might be desirable to have a TLO station along the walkway 
below the seawall. However, as noted in response to the previous comment, the walkway 
is 28 ft below the top of the seawall and there is no line-of-sight between the beach 
and any radiation sources on the site. The beach in front of the site is part of the 
exclusion area (i.e., no sunbathing, picnicking, etc. is permitted). Therefore, there 
is no possibility of any member of the public receiving a measurable radiation dose 
since individual exposure times would be very small. 

4. The NRC has included U.S. population dose commitment estimates in Section 5.5 for a few 
years (see, for example, Table 5.5). In addition, the staff has been including dis­
cussion of the Rn-222 question since mid-1978 (see Section 5.5.3). 

Table 5-8 says Rn-222 releases are "Presently under reconsideration by the Commission," and 
in footnote a, "These issues which are not addressed at by this table may be subject to 
litigation in individual licensing proceedings." The results of generic testimony by the 
staff at other hearings is summarized briefly on pp. 5-36 to 5-40. Contrary to Mr. lewis' 
assertion, NEPA does not require quantification of the impacts of Rn-222 releases over the 
"full period of toxicity" (presumably he is referring to Th-230, the parent of Rn-222). The 
staff feels the conservative evaluation in Section 5.5.3 probably accounts for the releases 
and potential doses resulting from Rn-222 releases over periods of many millenia. In 
addition, the FES will provide a revised Section 5.5.3 which also includes potential impacts 
of C-14 over periods up to 1,000 years into the future. 

The staff agrees that stabilization of surface tai 1 i ngs piles cannot be assurec;t "forever." 
However, numerous options, including deep burial in worked-out open pit mines or underground 
mines, are being voluntarily used by some applicants and may be used increasingly in the 
future by others. It should be noted that if such tailings are exposed by acts of God 
(e.g., glaciation), the potential long-term impacts could be lower than for the natural 
uranium ore since milling will remove over 90% of the U-235 (the parent of Th-230). 

Environmental releases from "nuclear waste·materials, including the interim storage of spent 
fuel, on site" are so small relative to normal operational releases as to be inconsequential. 
Such releases and potential impacts have been estimated* and do not significantly change the 
estimated impacts presented in the DES for normal operations. In that sense, the releases 
have been included in the DES assessment of environmental impacts. 

11.5 METEOROLOGY (SCE, A-16) 

The onshore tracer test results indicated that measured ground-level centerline one-hour 
average concentrations were less than concentrations estimated from the usual staff 
calculations. But a reduction for annual average values would not be the same. 

*Draft Generic Environmental Impact Statement on "Handling and Storage of Spent light Water 
Power Reactor Fuel," NUREG-0404, U.S. Nuclear Regulatory Commission (March 1978). 
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Over a long period of time, such as a year, the wind direction within a sector should be 
randomly distributed, and thus the path of the plume should be randomly distributed. The 
time that any part of the plume is over a point within the sector contributes to the annual 
average at that point. This time integration and random path of plume have the net effect 
of uniformly distributing an effluent horizontally within a sector. Any enhanced dispersion 
due to additional horizontal plume spreading would not reduce the annual average concentra­
tion. In the staff calculations it was assumed that the effluent was uniformly distributed 
horizontally over the sector. 

The ground-level annual average concentration would be dependent on the wind frequency and 
on the vertical distribution of the effluent within the plume. No direct measurements of 
vertical plume distributions were made during these onshore tests or the tests referenced in 
NUS-1927. Without a more definitive description of the vertical distribution of the plume, 
it has been the staff position not to adjust annual average dispersion estimates. 

11.6 THERMAL ANALYSIS (SCE, A-20/A-21) 

The air temperatures used by the staff in its thermal model are too high and, therefore, the 
staff's ambient temperature predictions are too high. However, nonlinear effects of the air 
temperature on the water temperature are negligible so that the staff's excess temperature 
predictions are correct despite the systematically high ambient air temperatures used in the 
mathematical model. 

Higher near-shore predicted ambient water temperatures appear as a result of the depth­
averaged format of the predictions. The near-shore region is shallow, resulting in near 
homogeneous vertical temperature structure. In deeper water, strong stratification is 
present so that the depth-averaged water temperatures are lower due to the presence of cool 
bottom water. The staff's actual ambient surface temperature predictions show no variation 
in the offshore direction. Ambient temperatures based on field measurement have been used 
in Section 5.4 of the FES. 

A brief discussion of the applicant's error analysis is given in Section 5.3.1.1 of the FES. 

Errors in the staff's mathematical model can be introduced in several ways. First consider 
the accuracy of the numerical method. The TEMPTWO algorithm is consistent and stable. The 
use of direct upwind differencing can produce numerical dispersion when the Courant Number 
is not equal to 1. To minimize this error, the staff used a time-step that produced a 
Courant No. of 1 near the diffusers. This essentially eliminated numerical dispersion error 
around the discharge areas. Far from the discharges, numerical dispersion exists; however, 
this makes the predictions less conservative. To correct for this, the staff could raise 
the predicted excess temperatures in the far field. The staff believes that inaccuracies 
due to numerical dispersion are slight and, therefore, corrections of such inaccuracies are 
unnecessary. 

Errors could also have been introduced through the methods used to represent turbulent 
transport and surface heat transfer. In developing the model, an effort was made to 
incorporate formulations which are universal; that is, to create a model that requires no 
adjustment of coefficients on a site-specific basis. The TEMPTWO model has been applied to 
other plants and results have compared favorably with available data. Thermal predictions 
for the Peach Bottom Plant and the Anclote Plant, including comparison with field data, are 
shown in Figures 11.1 through 11.8. The Peach Bottom Plant is on an impoundment of a river 
in Pennsylvania and the Anclote Plant is located on the Gulf of Mexico. The success of the 
TEMPTWO model at two quite different sites indicates that the submodels for turbulent 
transport and surface heat transfer can confidently be applied to San Onofre. 

The staff's model did not include plant-induced densimetric flows. The staff performed a 
scale analysis and determined this effect to be insignificant at the San Onofre site. 

Individual jet mixing is not calculated within the staff's model. However, th;s effect was 
included based on the applicant's near-field results. 
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Figure 11.1 Computer simulation results for the two-dimensional depth-averaged (with self­
similar vertical variation) flow conditions and temperature conditions (isotherms with 
1°F gradation (l/1.8°C} in the Conowingo Pond Reservoir in the vicinity of the Peach 
Bottom Atomic Power Station at 9 a.m. on July 18, 1974, during reservoir conditions: down­
stream low flow after slack water. 

SCE-SER 000490

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 208 of 300
(499 of 2110)



11-7 

18 
y 

A 
X 
I s a . 
... 

1 a 4 
a.a~--~~----~~--~~--~~----~~~~~~~~L-~ 

"·" 
-49 -47 

18 
y 

A 
X 
I 
s 78 

78 78 .. 78 7878 
t a 4 

a.e 
e.o z.a 

X AXIS • 

Figure 11.2 Computer simulation results for the surface and bottom temperature conditions 
(isotherms with l°F gradation {l/1.8°C) in the Conowingo Pond Reservoir in the vicinity of 
the Peach Bottom Atomic Power Station at 9 a.m. on July 18, 1974, during reservoir conditions: 
downstream low flow slack water. 

SCE-SER 000491

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 209 of 300
(500 of 2110)



DD 

-b. 

6 
:gas -
"' z ... 
..r 

"' ... 
::so 
co ... 
a:; 

'11.1 

! 
~'IS 
"' 
m 

25 JUNE 1974 • 21 JULY 1914 

ESTON! 8UtULATJOHa DRILY AVERAGE 
• • • • • • • • • DAlLY 111N1HUH 
• • • • ·• • • • • OAIL Y ttRXlHUH --+-- f'lELD DATA 

• 

•• •• .. 
•• .• 

•• • • 

10 I I I t I I I I I I I I J I I I I I I I I I I I I I I I 

a 1 2 s 4 s 6 , 8 8 10 11 12 1S 14 16 16 1? 18 18 20 21 22 23 24 26 28 27 
1111£ lDAY&J 

Figure 11,3 Estone simulation June 25. 1974 through July 21, 1974, 

1-' 
1-' 

I 
CD 

SCE-SER 000492

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 210 of 300
(501 of 2110)



" ~ 
Cl • :-o v 
w 
!5 
~ 
f5 a.. 
ffi 
t-

11-9 

95 --------------------------------------------------------, 
TEMPER SIHULA TION 
SURF ACE ------------
DEPTH-AVERAGED---
BOTT'OH ......................... .. 

90 

86 

a0 

FIELD-MEASURED DATA 
0 SURFACE 
4. DEPTH S f't. 
+ DEPTH 10 f'l 

7GL---~---L--~--~----~--~--~--~--~----~--._--~ 

0.0 2.0 4.0 6.0 e.0 10.0 t2.·0 
DISTANCE ALONG NORHAL TO SHORELINE <thousand ft.) 

Figure 11.4 Comparison of the computer simulation results and the field-measured data for the 
temperature conditions along a transect at 1200 ft downstream from the discharge location 
of the Peach Bottom Atomic Power Station in the Conowingo Pond Reservoir from 8 a.m. to 
1 p.m. on July 18, 1974. 

(To convert ft tom, multiply by ,3048.) 
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Figure 11.5 Computer simulation results for the two-dimensional depth-averaged flow 
velocity conditions in the Anclote Anchorage region for the actual Unit 1 operation of the 
Anclote Power Plant at 3 p.~. on June 25, 1975, during tidal stage: approximate maximum 
ebb. 
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Figure 11.6 Computer simulation results for the two-dimensional depth-averaged water 
temperature conditions (isotherms with 1 F (1/1.8 C) gradation between minimum 
84 F(28.9 C) and maximum 92 F(33.3 C)in the Anclote Anchorage region for the actual 
Unit 1 operational condition of the Anclote Power Plant at 3 p.m. on June 25, 1976, during 
tidal stage: approximate maximum ebb, 
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Figure 11.7 Comparison of the computer simulation results for the water temperature conditions 
(as continuous hourly variations) and the available field-measured water temperature 
data (intermittent) in the Anclote Anchorage region during the 2·day period June 24-25. 
1976. at the field-sampling station 25. 
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Figure 11.8 ·Comparison of the computer simulation results for the ~~ter temperature 
conditions (as continuous hourly variations)'and the available field-measured water 
temperature data (intermittent) in the Anclote Anchorage region during the 2-day period 
June 24-25 1976, at the field-sampling station 1. 
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11.~ THERMAl EFFECTS (SCE, A-14, A-24/A-25) 

It is true that the ambient temperature data supplied by the applicant (Attachment T) 
indicate the presence of lower ambient temperatures, at both the surface and the bottom, 
within the region of the San Onofre Kelp Bed than those predicted by the model. Typically, 
the discrepancy between the maximum values reported by the applicants and from the thermal 
model (for both surface and bottom) during the late summer is on the order of 4-5°C (7-9°F). 
However, the recently supplied values are for a period of record which spans only a few 
years (1975-1978). Thus, it is not possible to know if some of these data were collected 
during a period of time in which the waters are naturally warmer than long-term average. In 
evaluating the potential impacts of a long-lived facility such as SONGS (which will operate 
for up to 30 years), a worst-case evaluation is usually made to determine the effects which 
might occur under extreme conditions. Without knowledge of the relationship between the 
data supplied by the applicant and worst-case temperature conditions, these data cannot be 
relied upon for an assessment of the impacts on the kelp. 

If the assumption is made that these data do include an interval in which there are tempera­
tures which are warmer than usual (e.g., the warmest values reported in the last 15-20 
years), then the conclusions of the applicant regarding the effects on kelp are probably 
correct. That is, the incremental temperature increase due to the operation of SONGS will 
not result in an adverse impact to the community, even under worse-case conditions. 

The staff does not concur that the bottom water will necessarily remain unaffected. 

The staff does not feel that the ambient temperature data available are complete enough for 
use in a worst-case analysis. Because such an analysis (based on the temperature data gen­
erated by the model) concluded that the impact to the benthic community will be insignificant 
(overall), it is clear that the effect under average conditions will likewise be 
insignificant. If the model does predict maximum temperatures which are unrealistically 
high, the conclusions based on such data provide additional assurances that the impacts will 
be negligible. 

11.8 BIOLOGICAL RESOURCES (DOC, A-8/A-9; SCE, A-25/A-30; RJW, A-47) 

The statement was not meant to imply that the only relationship between kelp beds and the 
coaaercial fishes is thrbugh the kelp detritus. Certainly. several of the commercially 
important species inhabit the beds (at least part of the time) for food-seeking activities 
and refuge. The paragraph was intended to portray, in brief, the ecological and commercial 
importance of kelp beds. Additional information on this subject is contained in the FES-CP. 

Any revision to station design or operation for the express purpose of mitigating nonradio­
logical impact to aquatic biota will be accomplished through procedures under the NPOES 
Permit Program administered by the California Water Quality Control Board. NRC is working 
closely with this Board and with other State resource agencies in the review of monitoring 
programs. 

The cost-benefit analysis for the potential loss of biological resources due to the opera­
tion of SONGS 2'and 3 is addressed in the SONGS FES-CP, March 1973, Sections 13.2.4 and 
13.4, and in Section 10 of this FES. 

Technically, the statement is still correct. Although man-induced thermal effects may not 
be documented, their occurrence is likely in some areas. 

It is true that the association of decreased kelp "health11 with turbidity was made in con­
junction with observations on the effects of sewage outfalls. However, the effect of 
turbidity on light attenuation. is not a function of the source or type of the turbidity, 
except that a certain type of turbidity may not produce the same light reduction, at a given 
concentration, as another type of turbidity (e.g., as in the case of fine sand particles vs. 
suspended clay). Reference 15 includes a statement on the reduction of kelp "health" as a 
function of reduced available light for photosynthesis. It is reasonable to assume, 
therefore, that kelp "health" can be affected by many different types of turbidity. 

It is true that nutrient depletion has been implicated in kelp canopy deterioration. It is 
also true that the exact mechanisms of kelp deterioration are not well known. Most studies 
have attributed cause-effect relationships between temperature and kelp demise, but the 
operating factors may well be complex, and may involve, for example, synergisms between 
several factors. To reflect this uncertainty, the text has been changed as per the 
suggested revision. 
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The study cited (number 13) gives one indication of the importance of kelp beds to fish com­
munities. The relative importance of kelp for fish rearing, refuge, etc. may be disputed. 
However, for purposes of a worst-case analysis, it must be assumed that a more conservative 
interpretation is correct. It should be noted that the subject paragraph does not state 
that kelp beds are the most important fish habitat. Rather, it indicates that the community 
does have some unspecified importance. 

The ecotypic variability of kelp temperature to tolerance is not well documented, though it 
may occur. Without definite knowledge, the more conservative values should be used in a 
worst-case analysis. 

As stated earlier (see response to SCE, A-2), the ambient temperature data supplied by the 
applicants do not appear to be entirely adequate for an analysis. 

Increased survace nutrient levels from outfall induced upwelling have not been adequately 
demonstrated, though the phenomenon may occur. 

The discharge for SONGS will be more or less continuous (except during shutdowns and power 
reductions), although it is true that when the plume reaches the kelp bed it is not likely 
to impinge the bed for a long period of time. This is acknowledged in the text and is one 
major reason why the conclusion was reached that the effect on the kelp bed is not likely to 
be severe (p. 5-27, paragraph 5). To avoid ambiguity, the subject statement has been revised. 

The reference to Sect. 5.3.1 as the basis for the 19°C figure has been deleted. It is, 
however, based on results of the staff's thermal model. If this temperature represents the 
extreme high end which occurs during an average year, then it may well represent a tempera~ 
ture which could occur over an extended period of time during a "warm year." Because the 
values from the model are conservative, the word "typical" has been deleted from that sentence. 

The staff's thermal analysis (Sect. 5.3.1) does not support the conclusion that increases in 
bottom temperatures are unlikely. The statement remains valid, even if the turbid water is 
discontinuous and relatively low in suspended solids; i.e., the presence of any increased 
turbidity will add to the probability of detrimental effects occurring to the kelp bed. 

The analysis of the effect of the operation of SONGS on the closest kelp bed (San Onofre) 
was based on the latest thermal-hydraulic predictions made by our staff. The staff agrees 
that if this assessment of temperature configurations proves to be inaccurate that the 
analysis of kelp bed effects would have to be reassessed. 

The granting of a 316(a) exception for normal operation, if such is needed, will not affect 
the operating characteristics of the facility; thus, the pedicted impacts remain valid. If 
a 316(a) type process becomes required by the State which results in operational changes, 
the impacts of that altered operating mode will have to be assessed when such conditions are 
known. 

11.9 WATER QUALITY (EPA, A-38/A-40) 

Section 5.3.1.1 and Fig. 5.3 are based on the applicant's thermal analysis. Section 5.3.1.2 
is a description of the staff's thermal analysis. This analysis includes all. three units 
operating at 100% capacity and the ambient temperature is defined as the water temperature 
in the absence of all units. The possibility of recirculation among all units is an 
integral part of the staff's model. The results described in Section 5.3.1.2 address all 
aspects of the State thermal standards including excess temperatures at the surface of ocean 
substrates. 

Additional information on the effects of the operation of the facility are found in the 
FES-CP, although in some cases the modification of operational characteristics since the CP 
stage has necessitated a reevaluation of the impacts. Such reanalyses are found in this 
document. · 

In the staff's opinion, the two documents (the FES-CP and FES-OL) provide "state-of-the-art" 
evaluations of how the acquatic ecosystem will be affected. In most cases, too little 
information is available to quantitatively predict the areal extent of an effect on a given 
species. For this reason, operational monitoring programs are required which are designed 
to detect significant changes which may occur so that mitigation can be instituted. 
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The terms "minimal," "acceptable," and "not significant" relate to a judgment made regarding 
the predicted impacts of the facility on the environment. A possible effect ts termed 
insignificant if, for example, the impact is predicted to only occur locally in a nonunique, 
or widespread, population community of organisms, etc. When it is not possible to reach a 
firm conclusion regarding the significance of a projected impact (even under worst-case 
conditions), mitigation is either recommended immediately or an extensive monitoring program 
is stipulated. 

The study report concerning use of the heat treatment process addresses a matter beyond the 
NRC's purview in accordance with the federal Water Pollution Control Act Amendments of 1972. 
Thus, while the NRC must evaluate and consider the environmental impacts attributable to use 
of such heat treatment process, such consideration is limited to a determination of the 
impacts and their significance in terms of the cost-benefit analysis for this facility; any 
changes in the system or its use must be directed by the California Regional Water Quality 
Board and/or the Environmental Protection Agency. The applicant will provide the study 
report directly to those agencies, as well as to the NRC, when available. 

For the foregoing reasons, we do not believe that the report itself is an integral part of 
the Draft Environmental Statement. Of course, as noted above, the NRC will consider the 
impacts attributable to the heat treatment process in the Final Environmental Statement as 
stated in Section 5.4.2.1. In this connection, the staff considers it to be no different 
than any other report of a study or analysis performed by a license applicant in support of 
its application. The staff is aware of no legal requirement which would give the report 
independent status such as EPA suggests, tn the context of the NRC's licensing review. The 
status of this report in terms of the determination to be made under Section 316(a) of the 
FWPCA is a matter left to that agency charged with making that determination. 

Sect. 5.4.2.2 concludes that significant impacts are unlikely, even under worst-case conditions. 
The effluent characteristics of SONGS must conform to the State standards prevailing at the 
time of the operation of the facility. 

It is not the purpose of the staff analysis, as provided in the DES, to make rulings regarding 
statutory requirements, but rather to assess the impacts of proposed operation. In making 
this analysis it is not assumed that standards will be satisfied and, therefore, the environ­
mental consequences of any violations resulting from the proposed plant operation is inherent 
in the staff's conclusions. 

11.10 NEED FOR PLANT (MIL, A-45) 

Table 2.2 of the FES relates to projected population growth within 16 km of the San Onofre 
site for the period 1976 to 2020. 

Tables 8.3 and 8.4 are related to the electrical growth projected within the service areas 
of Southern California Edison Company and San Diego Gas and Electric Company for the periods 
1976-1985. The combined annual growth rates for peak demand and energy for this period is 
4.3 and 4.6%, respectively. 

Population within 16 km of the site does not necessarily reflect electrical growth in the 
applicant's service areas. 

11.11 SEISMOLOGY (EPA, A-40; MIL, A-45; RJW, A-49) 

The staff's review and evaluation of the geological and seismological aspects of the San Onofre 
Nuclear Generating Station Units 2 and 3 is presented in the staff's Safety Evaluation Report, 
published December 1980. Included in the SER is a discussion of the potential for and nature 
of seismic activity at the site and its vicinity as well as of the design and construction 
measures taken by the applicants to prevent damage to the facility and its component parts. 
The staff considers that its assessment of the environmental impact of postulated accidents 
presented in Chapter 7 adequately accounts for the consequences of any accident caused 
by seismic activity. This chapter discusses the consequences of accidents regardless of 
cause. 

Regarding the potential for affecting water quality and for offsite radiological contamina­
tion, to the extent such impacts are the result of airborne transportation of radionuclides, 
the consequences are included in the discussion in Chapter 7. The liquid pathway, because 
of the hYdrological environment at the site, does not present a viable transport mechanism 
which could impact water quality or would otherwise result in offsite radiological consequences. 
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11.12 URANIUM PRICES (RJW, A-49) 

The cost-benefit analysis in the DES is based on 1976 data, at which time the price of uranium 
was $18.10/kg ($40/lb) U308 • Presuming SCE used the then existing U308 price in their cost­
benefit analysis for SONGS 2 and 3, they would be using a price that reflected the rapid 
increase in prices in the 1973-1976 period. To extrapolate future prices on the basis of 
the 1973-1976 price increase would be erroneous in that uranium prices decreased 9% in real 
terms during 1977. Thus, it is inappropriate to consider a price escalation which is not 
even valid for a 5-year period of the uranium market for a cost-benefit analysis which covers 
the 30-year lifetime of a reactor. It would be just as appropriate (or inappropriate) to 
extrapolate the recent 9% decrease in uranium prices for use in the analysis. Many factors 
must be carefully investigated to estimate future uranium prices, and simplistic methods can­
not be justified. 

Long-term contracts are not generally tied to market prices at time of delivery or a 7% per 
year escalation, whichever-is greater, based on current data. In fact, most long-term 
uranium requirements are not under contract, so it is inappropriate to make any generaliza­
tion about the nature and terms of those contracts. Even if future contracts were based on 
the greater of market price or 7%/year escalation, it does not follow that fuel costs will 
increase to prohibitively high levels. If future prices were related to market prices and 
market prices do not increase substantially (it has not been established that they will), 
then the uranium cost component of fuel costs would not increase very much. And, if prices 
increase at 7%/year, they would probably just be keeping pace with inflation and thus not be 
relevant to a constant dollar analysis. 

The cost of purchasing uranium is only one component of nuclear fuel costs, the other being, 
for example, separative work, UF6 conversion, and fabrication. Thus, overall nuclear fuel 
costs would not escalate in proportion to the increase in uranium prices. 

11.13 ACCIDENTS (HEW, A-10; MIL, A-45; RJW, A-49) 

These comments were addressed to the Accident Section (Section 7) published in the Draft 
Environment Statement (DES), dated November 1978. In January 1981, the staff revised 
Section 7 and issued it for comment as a supplement to the DES. The January 1981 Supplement 
is included as Section 7 of this Final Environmental Statement (FES). The staff believes 
FES Section 7 is responsive to those accident comments previously addressed to the DES. 

(FHA, A-53) 

Part 50.13 of 10 CFR does not require a licensee "to provide for design features or other 
measures for the specific purpose of protection against the effects of (a) attacks ... by an 
enemy of the United States ... or (b) use or deployment of weapons incident to U.S. defense 
activities." The staff recognizes that acts of war would likely produce severe environmental 
impacts wherever they might take place. 

{RJW, A-56, A-59) 

The supplement is based on site-specific data, as described in Section 7.1.4.2. While not 
specifically stated in the supplement, U.S. average, year 2000 estimated, population data 
were used beyond 560 km (350 miles). The site-specific meteorological data used included 
lid heights to account for vertical mixing characteristics. 

(RJW, A-58) 

Both the staff and SAl used very similar methodologies in their analysis, and they both 
represent improvements over the Reactor Safety Study. There are some differences, however, 
in assumptions and data used in each study that lead to the variabilities or uncertainties 
that are inherent in such calculations. These differences appear in: 

0 

0 

0 

0 

accident release characteristics - probabilities and magnitudes; 

emergency response assumptions; 

meteorological data; and 

demographic data. 

Specific consequence values that commentors quote from the SAI-OES report cannot be directly 
compared with those reported in the staff's draft supplement since the former are not 
associated with specified probability levels while the latter are. The staff has not made a 
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detailed comparison of the results of the two reports but judges that they are in agreement 
within the estimated bounds of uncertainties and assumptions associated with the current 
state of probabilistic risk assessments. 

(RJW, A-58, A-59, A-60) 

The studies of the San Onofre site relative to earthquake potential is extensively discussed 
in Section 2.5 of the Safety Evaluation Report (NUREG-0712, December 1980). The staff's 
position is that the safe shutdown earthquake is correctly determined for this site. A 
discussion of natural phenomena as initiators of accidents has been added to Section 7.1.4.2. 

(RJW, A-58, A-59) 

If Unit 1 had a meltdown, the staff agrees that it would impact the operation of Units 2 and 
3. However, the ability to shut down both units following an accident at Unit 1 would not 
be impaired. 

(RJW, A-59) 

The reactor vessel was installed with its reference mark 180 degrees from the desired location. 
As discussed in the Safety Evaluation Report (Section 5.3.4), the flow skirt, which is not 
symmetrical, was installed in the direction to agree with the vessel's orientation and pro­
cedures for fuel handling, which reference the vessel orientation, were modified. No 
rewiring was necessary as a result of the error. 

(RJW, A-59) 

The dewatering well cavities were discussed in the Safety Evaluation Report in Section 2.5. 
It was determined that there would be no impact on seismic Category I structures. 

(RJW, A-59) 

The beach visitors were specifically addressed (e.g., Sections 7.1.3.2 and 7.1.4.6 and 
Table 7.1.4-5). 

(RJW, A-60) 

The staff has concluded that acts of sabotage, as initiating events, do not contribute 
significantly to the probability of accidents due to the Commission's safeguards requirements. 
Section 7.1.4.2 has been modified to discuss this point. 

(RJW, A-60) 

While it is true that one-half of the population of the State of California lies within 
160 km (100 miles) of the San Onofre site, the staff does not consider this to be a relevant 
observation. The staff's focus on demographic data for site suitability and site comparison 
purposes has been traditionally within 80 km (50 miles) of plant sites. 

The discussion in Section 7.1.4.3 indicates that most of the accident impacts occur within 
50 miles of the site. The staff has compared the total population within 50 miles of the 
site with the total population within 80 km (50 miles) of other nuclear plant sites and has 
found that San Onofre does not have a uniquely large population. Moreover, it is important 
to note that, as stated in Section 7.1.4.2, the site-specific population projected to the 
year 2000 both in magnitude and distribution has been used in the calculations through all 
regions to 160 km (100 miles) and beyond. Those fractions of the consequences which take 
place up to 16, 48, 80, 160. km (10, 30, 50, 100 miles) or beyond, are accounted for in the 
results presented. The site does not have a uniquely large population contained within any 
of the above mentioned distances. 

(RJW, A-60) 

The San Onofre Units 2 and 3 at 3390 MWt are typical of the upcoming generation of reactors. 
The power level of each plant was specifically used in determining the inventory of the core 
for the risk calculations. Salem 1 is presently operating at a comparable power level of 
3338 MWt. 

(RJW, A-.60) 

The production of farm and dairy products is specifically considered in the calculation. 
Differences among the states (and countries) potentially impacted are taken into account. 
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(RJW, A-60) 

The impacts within the Mexican borders were included in the evaluation. The method of 
determination of data for Mexican agricultural products is discussed in Section 7.1.4.2. 
Although not explicitly stated, the population within the Mexican border was included on a 
site-specific basis out to 560 km (350 miles) from San Onofre. 

(RJW, A-61) 

The staff recognizes the potential efficacy of drugs in mitigating consequences of offsite 
exposures. However, in the case of potassium salts of stable iodine, the staff does not 
require provision for distribution to the public. 

(RJW, A-61) 

Section 7.1.4.4 discusses that the condemning of foodstuffs was specifically considered and 
the interdiction of contaminated property " ... until it is either free of contamination or 
can be economically decontaminated" was assumed. 

(RJW, A-61) 

The subject of filtered venting systems for the containment is being addressed in rulemaking, 
as discussed in NUREG-0660, 2.8.8. The whole subject of TMI-2-related improvements and the 
fact that no credit would be taken for them is discussed in the last paragraph of the section 
cited. 

(RJW, A-61) 

It is the staff's position that such a "worst case accident" is much too remote and specu­
lative to require analysis under NEPA. 

(UCS, A-63) 

The staff believes that its treatment of a multiplicity of possible accident scenarios 
represents a reasonable and appropriate implementation of the guidance provided in the 
Commission's Statement of Interim Policy. 

(UCS, A-63) 

The probabilities of occurrence of releases in the nine categories are explicitly given in 
Table 7.3 and the probabilities of occurrence of specific levels of environmental con­
sequences are given in Table 7.4. The staff judges that this is within the intent of the 
quoted part of the sentence and the additional directive in the Interim Policy which states: 
"The environmental consequences of releases whose probability of occurrence has been 
estimated shall also be discussed in probabilistic terms." See also the staff's answer to 
Joint Intervenors RJW, A-58. 

(UCS, A-64) 

The staff has presented a measure of individual risk in Figures 7.7 and 7.8. Table 7.4 and 
its associated figures and Table 7.5 provide group information. The discussion of relative 
susceptibility of various sub-groups of the population is given in Section 7.1.1.3. The 
staff judges that this conforms to the further directive that the discussion be " ... in a 
manner that fairly reflects the current state of knowledge regarding such risks." 

(EPA, A-66) 

The Supplement is a replacement for Chapter 7 in the existing Draft Environmental Statement 
for the Operating License stage (November 1978). It is not a replacement for the accident 
sections of the Construction Permit stage Environmental Statements of 1973. 

(EPA, A-66) 

Nine tables could have been provided to show the impact contributions of the nine categories. 
It is the staff's judgment, however, that the summary table, reflecting sums of the contri­
butions from all of the categories, is sufficient. Information regarding the relative 
contributions of the release categories is available in the Reactor Safety Study, WASH-1400. 
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(EPA, A-66) 

The Design Basis Accidents are included because they are used in the Safety Evaluation Report 
to assess the adequacy of the performance of certain engineered safety features. In the SER, 
the DBAs are compared to the suitably small fractions of 10 CFR 100 for those accidents that 
are. considered likely (infrequent accidents). 

(EPA, A-66) 

The DBAs are judged not to be significant contributors to environmental risks and have not 
been subjected to the same kind of probabilistic analysis as the more severe accidents that 
are treated. 

(EPA, A-66) 

The staff believes that it is more informative to discuss the environmental risks associated 
with accidents separated from those attributable to normal operations. Both may be found in 
the Final Environmental Statement. Risks associated with the operation of both Units 2 and 
3 are, to a first approximation, the sum of the risks associated with each unit individually. 

(EPA, A-67) 

We agree certain biological changes in children and adults may be detected occasionally at 
doses as low as 10 rem (e.g., slight, temporary reductions in circulating lymphocytes). 
However, at doses of 25 rem or greater, such effects become measurable in nearly all exposed 
persons. In addition, although such changes have no physiologically significant impact, 
they can be clinically measured. We selected 25 rem as a point above which potentially 
serious effects due to radiation exposure (e.g., prodromal vomiting) become apparent to 
physicians and a point below which no difference between exposed and unexposed populations 
is apparent in terms of latent cancer incidence. 

(EPA, A-67) 

The NRC State liaison Officer has informed us that the Region IX RAC has completed its 
review of the local plan~ for the environs of San Onofre. The licensee has transmitted to 
the NRC copies of emergency plans for the following: 

San Onofre, San Clemente and Daheny State Park and Beach Areas 

San Juan Capistrano City 

Camp Pendleton 

Orange County 

Unified San Diego County 

Interagency Agreement between San Diego County, Orange County, City .of San Clemente, 
City of San Juan Capistrano; Marine Corps, Camp Pendleton; State Department of Parks, 
Pendleton Coast Area. 

The staff preliminary review of these documents affirms its judgment that the plans are, in 
fact, in an advanced stage of development even though they have not been submitted for 
formal review. A full-scale exercise for the San Onofre site and its environs is scheduled 
for May 13, 1981. 

(EPA, A-67) 

The NRC staff Safety Evaluation Report, dated February 1981, states that the San Onofre 
onsite emergency plan, when revised in accordance with the applicant's commitments, will 
provide an adequate planning basis for an acceptable state of emergency preparedness, and 
will meet the requirements of 10 CFR Part 50 and Appendix E, thereto. This is still the 
staff's conclusion. 

The SER states that the plan must be revised to address the final criteria and implementa­
tion schedule for the emergency centers and their functions, emergency manpower levels, and 
upgraded meteorological program, and to address the impact of earthquakes on emergency plans 
for the site and its environs. The NRC staff position is that the emergency plans are 
sufficiently complete to justify the estimates of parameters used in the consequence model. 
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It is true that the State of California does not use the U.S. EPA Protective Action Guides 
(PAGs). The State of California has elected to base its Protective Action Guides on the 
concept that no member of the general public should receive more than 500 millirem per year. 
The emergency plans of the local authorities in the environs of the San Onofre plant have 
followed the State's guidance. This guidance is more conservative than the EPA guidance, 
i.e., protective actions would be recommended at a lower projected dose. Consequently, it 
is reasonable to expect that if protective ·actions were to be taken at a lower value of 
projected dose, then exposures would be reduced. 

(EPA, A-67) 

The figure has been revised to present a more meaningful directional risk. The meaning of 
the new figures is discussed in Section 7.1.4.6. The scale of the figures has been expanded 
(a smaller distance from the plant shown) and it has been redrawn in an attempt to improve 
legibility. 

(EPA, A-67) 

Standard methods for estimating costs of reactor building cleanup and decontamination and 
replacement power for the economic risk calculations are under development. Reasonable 
estimates of plant decontamination and replacement power have been made, however, and are 
discussed in Section 7.1.4.6. Staff conclusions on the benefit cost balance are reported in 
Section 10 of the FES. 

(SCE, A-68) 

It is clearly stated in the third paragraph of Section 7.1.4.1 that the evaluations of the 
limiting faults and infrequent accidents are used to implement the provisions of 10 CFR 100. 
The conclusions regarding siting are in the Safety Evaluation Report and its supplements. 

(SCE, A-69) 

Section 7.1.4.2 states that the estimates of the consequences may have as large error bounds 
as for the probabilities. Any uncertainty in the fractions of nuclides released contributes 
to the error bounds on the consequences, as well as uncertainties in the meteorological and 
health effects models. The subject of releases of certain nuclides, mainly the radioiodines, 
is presently under review by the staff. 
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UNITED STATES DEPARTMENT OF AGRICUI.TURE 
SCIENCE AND EDUCATION ADMINISTRATION 

OPFICI! OP 'n<E 0111'1./TY OIA&CTOR FOA 
AGFUCIJLTUAAL A !SEARCH 
WASHIMClTOH, O.C. 202tO 

Subject: NRC Draft EnviromHntal Stata~~U~D.t 

To: William ll. Regan, Jr. 
U.S. Nuclear Regulatory Collllllisaion 
Erxltironmental Projects Branch 2 
Division of Site Safety and Env. Analysis 
Waabingcon, D.C. 20S55 

We have reviewed the draft eaviroUIICltal impact atatlliii8Dt 1111titled 
San Onofre Nuclear Ganerating Station, Units 2 and 3, Southern Califomia 
Edison Company, San Diego Gas & !Uectric Company, dated November 1978. 

We have uo em=eucs to add to the evaluation provided by your staff. We 
do sppreeiate the opportullity of tevieving chis atat..,ent. 

,;;:"(?.Z::.,.c.,-~-

ll. L. 1IAlUtOWS 
Acting Deputy Assistant Adm1niatrator 

7901030C'i3 

f\({J'J/, \..:.: e.· 

U.S. DEPARTMENT OF AGRICULTURE 
liCONCMICS. ITATII'TICS, and COOPI!RAnVU SIIMCI! 

w-~o.c.-

December 8, 1978 

SUBJECT: Draft Environmental Statement 

TO: Willima H. Regan, Jr., Chief 
Environmental Projects Branch 2 
Division of Site Safety and 

EnviroJUDental Analysis 
u.S. Nuclear Regulatoey Collllission 
Washington, D.C. 20SSS 

We have no COliiiiiOilts on the Draft Environmental Statement 
related to operation of San Onofre Nuclear Generating 
Station, Units 2 md 3 by Southam Califomia Edison and 
San Diego Gas md Electric C~anies. 

/! . L f IL 
/IIC·L~ ~~WL 
MELVIN L. COTNER 
Director 
Natural Resource liconomics Division 

?81214 C\Co.:g 

~-~<O\ 
~-)c;,~ A 
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OEPAATME:NT OF KQUSING ANO URSAN O!NEI..OlOMENT 
a.At:-. OFJI'ICI!. 

l$00 '"ILSHIRE JOUL£11.fr.Rt)* \.OS "'"'CELES,. CALH1 0RI'l1A 9003? 

December 19, 1978 P.O. 84¥ JIOOj 
S•n ftaact•eo. t::.-.'.u;~ ')t.\01 

u.s. Nuclea>: R~l&t.Ol:)' COIIlalia&ton 
l.t.tentton: Dtucccrr, O:l.Vidon of Site Safety 

and Envtroll!llental Anlllysh 
\luhingt<lt\, o.c. 20555 

Cantl..,.en: 

Subject: San Qnofr~ Nuclear Generating Station 
trnits 2 an<) 3 
Draft tn~ironmental Statmuent 
Docket Nos. S0-361 and 50-362 

We have nview .. d the caption4d document and have 

no eomm.ertts to offer on it. ~ere is no need to 

send this office a copy of tne Final Environmental 

Statement. 

7 9 0 1 0 8 0 tt-l> 

IS "fil.'tlfi..Y ~~ ... " ":'01 

(\o'r 
\.:_() ~~() 

PCI'ARTMitHT 01' THIE A~MY 

• 
l..01t ANctat..a .CfSTIIItCT. C-0.,.,_. dl' llN<ItNO­

,., o. aox 2111 w::l. -'1'tQ.tUS. CAL.lf'ON,.JA 100'1116 S0·3"1P 
362..0 

S?LE!l-E 

MJ:, Win. H. ~tegan, Jr., Chief 
en~iro~ntal Projects Branah 2 

2 January 1979 

Dirision of Si.ta safety and li:ltvi.t<ltlll»ntal l\lllllysis 
On~ted States Nuclear Rsqulatory C~ssion 
l'luhinqton, o.c. 2DS55 

Dear Mr. s..qan: 

Tllis is in respo~tse to a lett.>l: fl:Olll. your office da.ted 30 llovall:t>"r 
1!}78 whiah r&<~.uested reVi"" and COI!It!lents on the Or"'ft. Snvironi!Mitltal 
:tmpact Statement tor tha San <mofn GeneratintJ Station, llnits 2 and 
3, pt't>posed lly Southern C1l.ifoxnia Edison Company and San Diego Ga.< 
and flectrio Company. 

'l'he ptepo5ed plan dou I:'J:>t. =nflic:t with el<ist:inq or authodz.ad plans 
of the Cotps of Engine""". "'" have no eollll!ll!nts on the envirorunental 
statement for the p~e~d ~ction. 

Thank you for the oppol::t\IDi t:1 to reviow and comment on this statement. 

Sincerely yours, 

~~lft~ NORM.'\N AnNO 
01ief, Engin<>ering Oi<~ision 

,... 
~~"a 

'~ 
7901170209_ PD 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
. SOIL CONSERVATION HlWlC£ 

2828 Chiles Road, Davis, CA 95616 

William H. Regan, Jr., Chief 
Enviro~~meneal Projects Branch 2 
Division of Site Safety and · 

Environmental Analysis 
United States Nuclear Regulatory 

Comm1seion 
Washington, D. c. 20535 

Docket No.: SD-361 
and 50-362 

Dear Mr. Regan: 

January 9, 1979 

We acknowledge receipt of the draft environmental statement for San 
Onofre Nuclear Generating Station, Units 2 and 3, Southern California 
Edison Company, San Diego Gas & Electric Company in San Diego County, 
California, that was addressed to USDA Soil Conservation Service on 
Nav.,..ber 30, 1978, for review and c'""""'nt. 

We have revieved the above draft and have the following c"""""nts. 

1) Provisions for erosion control and water management during 
conscruction as well as conservation treatlilent of disturbed areas 
following construction ware inadequately addressed. We suggest t:hat 
an erosion control plan be developed to adequately address the erosion 
hazard both during and following construction. 

2) Approximately 10 ac:.;es of prime land will be lost to access roads 
and transmission ta'Wers. Mitigation or projected impacts from this loss 
'Were not adequately discussed. l<e suggest further discussion in the 
staCil!lle1lt to address the pri111e land issue. 

We appreciate the opportunity to review and calll!lleilt on this proposed 
project. 

Sincerely, 

~~..,:. a/.;t.J 
FRA.'iC!S c. H. LUM 
State Conservationist 

79012-60 1'1~ 

f\Qo?-
~e-~0 

~ i) 

FEDERAL ENERGY REGULATORY COMMISIIION 

WASHIH<JTON, C.C. 20426 

January 17, 1979 

Mr. William H. Regan 
Division of Site Safety and 
Environmental Analysis 

Nuclear Regulatory Commission 
Washington, D. c. 20555 

Dear Mr. Regan: 

IN IIIJtiiiLY IIID'IDt TOt 

I am replying to your request of November·30, 1978 to the 
Federal Energy Regulatory Commission for comments on the Draft 
Environmental Impact Statement for the San Onofre Nuclear Station 
Units 2 and 3, California. This Draft £IS has been reviewed 
by appropriate FERC Staff components upon whose independent 
evaluation this response is based. 

The staff concentrates its review of other agencies' environ~ 
mental impact statements basically on those areas of the electric 
power, natural gas, and oil pipeline industries for which the 
Commission has jurisdiction by law, or where staff has special 
expertise fn evaluating environmental impacts involved with the 
proposed action. It does nat appear that there would be any 
significant impacts in tnese areas of concern nor serious con~ 
flicts with this agency's responsibilities should this action be 
undertaken. 

Thank you for the opportunity to review this statement. 

__ , J 

Sincer:!ly, 

r. 1 ~ 

.'~".-}ft~ 
vJacR M. Heinemann 
Advisor on Environmental Quality 

"' ........ -
-i -~ .··- ..;..., - ..... ' ) 

f\ cC~ '-7 
\....: <t '\\) 
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E~~~\ United States Department of the Interior 
. \.-:-f:!_-~:·1 
. <5it::ff,:/ OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 

In Reply Refer To: 
ER 78/1161 

Mr. William H. Regan, Jr. 
Chiaf, Environmental Projects Branch 2 
Diviaion of Site Safety and 

Environmental Analysis 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Regan: 

JAN 1 G 1979 

The Department of the Interior has completed its review of the 
draft environmental statement for San Onofre Nuclear Generating 
Station Units 2 and 3. We have comments in only two areas of 
our jurisdictional concern as set forth below. 

Recreation Resources 

The discussion of recreation impacts states that restrictive 
use of the beach area wa• unanticipated at the time issuance 
of the construction permit was being considered. Since no 
explanation is given, it is unclear to us how such a significant 
impact, the loss of recreational and scenic open space, could 
have been overlooked during the earlier planning stages. The 
final statement should disclose the reasons which nov require 
restrictions upon beach use. 

Al~hough there ia nov recognition of the impact, we sea no attempt 
being made by the applicant to mitigate tho loss of recreation 
space and opportunity. With respect to the scenic quality of 
the area, we find the intended plan to construct an eight foot 
chain-link fence extending over three-fourths of a mile along 
the beach quite objectionable. Design of the walkway deserves 
~ueh more attention. Given the fact taat this stretch of beach is 
rather removed from the developed portions of the state park 
units and therefore receives minimal use and given the 1cenic 
nature of the beach area and bluffs it would certainly seem 
more pref~rable and pe~haps sufficient to consider posting the 
area as to ita rest=ictive use. If a barrier is still needed, 
a more aesthetically sensitive, light railing ~ay best fulfill 
the need to restrict access. 

/' 

r r .. 
'\ ('\• "',. 
'OJ ....... 

'- ... <..- .. \D 

'M'~ 7901230255' 
$.i:r~l-~z.. A 

f v· 

-z-
Cultural Resources 

We are pleased that the NRC staff has directed the applicant to 
consider historic, archeological, and Native American cultural· 
resources in its planning process. We understand that existing 
and possible new t~ansmission corridors will be surveyed for 
such resources~ However; we strongly urge that the applicant 
allow enough flexibility in its planning to actually take the 
results of these surveys into account in its final placement of 
tower bases, access roads, and proposed substations. This would 
include allowing the State Historic ?reservation Officer enough 
time to properly evaluate the surveys results and make appropriate 
recommendations. In addition, any nev land used for. material 
storage or other project activities outside the transmission 
corridors should also be checked for cultural resources. 

We hope these comments will assist your efforts in preparing 
the final environmental statemenr. 

De~ As:!~ta!lt 
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lllfi1JllrY 19, 1979 

United States Nuclear Regulatory Cammmlon 
Washinaton, D. C. 20"' 

Attentlom Director, Division ot Site, Safety and Environmental Analysis 

Gentlemen: 

Pursuant 10 the notice pub.IJ.shed In the Federal Resister with respec1: to comments 
on the 011111: i!.rwlrcnmental Statement (DES), the Cities ot Anaheim and Riverside, 
Califoml4 wish 10 submit the followlns comments. 

Anaheim and Riverslde beUeve the !'lnaJ Environmental Statement !Pt!S) should 
be amended In Seet1on ll, entitled "Need for the Station", 10 reflect probable owner­
ship by the Cities of a portion of Sou1:bern Califoml4 Edison Company (SCE>, a~ 
Interest In Units 2 and 3. 

1be AllPiicutts and Anaheim and Riverside, entered ln10 a Letter Agreement dated 
November 1, 1977 wi1ldllncorpora.ted other prcpost!d ~ents, lnc:Judlns a Partld· 
paticn A&reement whfcfl provides for Anaheim to ao:!Uire 1.66~ of SCE's liO~ In­
terest In Units 2 and 3, and for Riverside to acquire 1.7996 of Edison's S0\16 interest 
ln Units 2 and 3. The Lett«' Agreement was entered Into by the Parties because 
a question was raised as 10 whether SCE or SOC&:E would lose the Investment tax 
credit with respect to its ownership share ot Units 2 and 3 due to Anaheim and 
Riverside, publlc: agencies, own1nz an undlvided interest In Units 2 and 3. The Letter 
Agreement further provides, however, tha't when this question Is satlsfaetarlly re­
solved In the oplnicn of eacfl party to said ~ent, the Participation Agreement 
atuched thereto '111111 be executed bY the Parties. 

The Internal Revenue Service has Issued Revenue Rl.lllns 78-263, whicfl holds that 
unc:llv1ded ownership In property by exempt and IIOIM!lfempt entitles does not of 
Itself cf1squallfy the portion ot the property owned by the non-exempt entity from 
takJng Investment tax credlt with respect 10 Its share of sucfl property. ~loreover, 
SCf and SOC&:E recelved a private letter ruling, dated August 16, 1973 whidl holds 
with respect to San Onofre Nuclear Ceneratins Station, Units 2 and 3, that SC! 
and SDG&:E will not lose Investment tax credlt with respect 10 their undivided In­
terest :n Units :Z and 3 after the sale ot the Interest to Anaheim and Riverside. 
Howt!Ver, that Private Letter Ruling contained langUage whldl SCE and SOC&! 
believe to be ambiguous and therefore on O<:tobar 27, 1!178 they filed a Request 
tor Clarification of the Private Letter R.ul.lng of Ausust 16, 1973. The Request 
for Clarlflc:ation ls still pending before the Internal Revenue Service, but we belleve 
it will be favorably ¥:ted upon In the next several weeks. 

Anaheim and Riverside are omently, and have for some years, been wholesale (\ cP t--
c;~"o 

'1901240120 \1 A 

United States Nuclear Regulatory Commission 
January 15, i979 

Page Two 

customers of SCE. Anaheim and Riverside purchase all of their capacity, and most 
of their ener8)' requirements from SCE. Anaheim and Riverside have agreements 
with Nevada Power Com?lllly wherein eacfl City purchases economy non-firm energy 
from Nevada Power Company. These agreements wiU expire by their own terms 
in 1930. Anaheim and Riverside do not currently own any generating resources. 

In 1973 Anaheim's peak demand was 338 megawatts. The estimated peak demand 
for 1973 was 39~ megawatts. Durlns 1978 Anaheim purc::llased two billion kilowatt 
hours of energy. For the period 1979 throuzh 1990 it ls estimated the peak demand 
for Anaheim wllllnc:rease In diff~ amounts. The smallest amount of Incntase 
for electrlc:al demand In any year during that period is estimated to be 3.1 percent 
and the highest amount of Increase for any year ~.ll percent. lt ls also estimated 
for the same period of tlme that energy requirements for Anaheim will lnaease 
with the lowest estimated annual. ~!~crease being 3.6 perc:ent and the highest est!· 
mated annual .Jnc:reasa belns '·0 percent. 

In 1978 Riverside's peak demand was 27S megawatts. 1be estimated peak demand 
for 1978 was 260 megawatts. Durlns 1978 Riverside purc:hased over one blllion 
kUowatt hours of energy. For the period 1979 through 1990 It Is estimated the 
peak demand for R.iverslde will lnc:rease with the smallest annuatlnc:rease to be 
~.0 percent and the highest annuallnerease to be 5.(J: perc:ent. lt Is also estimeted 
for the same period ot tlme"that the energy requltements for Rlvemde will lnereue 
with the lowest annuallnc:rease to be ~.o percent and the highest annua.l lnaeasa 
to be '·~ percent. 

The acquisition of an ownership Interest In Units :Z and 3 by Anaheim and Riverside 
does not cflanse the c:oncluslon that the Units are needed to meet the e!ectrlc:al 
load served by SCI!, Anaheim and Riverside. The load forecasts of see Include 
the loads served by Anaheim and Riven!de. Therefore, whether you lnc:Jude the 
loads ot A.nahe1m and Riverside In the SCE forec:ast of loads or break them out 
and Identify them sep&rate!y, the need for the station Is the same. 

ARW:jm:D:ll 

cc: Att«ched Ustlng 

Very truly youn, 

~v j{. ZtJ/at;;-
ALA.N R. WATTS 
Spe<:!al Counsel 

Cities ot Anaheim and Riverside 
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Mr. John Bury 
Southern Ca.Lifomla edison Company 
224/j. Walnut Grove Avenue 
P;o. Box soo 
Rosemead, California 9Jno 

Mr. Mark Me<lford 
Southern California Edison Company 
224/j. Walnut Grove Avenue 
P. 0. BoxSOO 
Rosemead, Calf!omia 926n 

Mr. Robert J. Pate 
U. S. Nuclear Regulatory Commwlon 
P. 0. Box ~167 
San Clemente. California 92672 

Samuel B. Calley, ~q. 
David R. Pigott, ~q. 
Chickering IX Gregory 
Three Embarcadero Center, 
Suite 2300 
San Francisco, CA. 94111 

Janice E. Ke!1", E$q. 
3. Calvin Simpson, Esq. 
Lawrence Q. Carc:la, Esq. 
$066 State Building 
San FranciJco, Cali1omla 94102 

Wm. H. Regan, Jr. 
Environmental ProjectS Branch 2 
Division of Site Safety and Environmental 

Analysis 
United States Nuclear Regulatory Commission 
Washington, 0. C. 20$" 

Richard J. Wharton, E$q, 
46" Cass Street 
San Diego, California 92109 

David W. Gilman 
Rober-t C. l.acy 
San Diego Cas &: Electric Company 
P. 0. Box 1331 
San Diego, Callfomla 92112 

Phyllis M. Gallagher, Esq. 
Suite 220 
61' Civic Center Drive West 
5.t.nta Ana, C:ilitornia 92701 

Gordon W. Hoyt 
Utilities Director 
P. 0. Box 32:22 
Anaheim, CA. 92S03 

Everett C. Ross 
Public Utilities Director 
City of Riverside 
3900 Main Street 
Riverside, CA. 92522 

~ .. ~ ·i· \...._,;/ 
UNITID STATI!S DIJIIAATMENT OF COMMIUICI 
TIM! Aulatant !lllot'lltllry for Sclaftt:e •lid T..,.natogy 
Wllahington. D.C. <D2:l0 

12021377- 4335 

January 22, 1979 

Director, Oivision.of Site Safety 
and Environmental Analysis 

U.S. Nuclear Regulatory Commission 
Washington, D.c. 20555 

Dear Sir: 

so- 3(c( 
'"3"2-

This is in reference to your dra~t environmental impact 
statement entitled •san Onofre Nuclear Generating 
Station, Units 2 and 3, Southern California Edison 
Company, San Diego Gas & Electric Company. " The 
enclosed comments from the National Oceanic and 
Atmospheric Administration are forwarded for your 
consideration. 

Thank you for giving us an opportunity to provide these 
comments, which we hope will be of assistance to you. 

We would appreciate receiving lO copies of the final 
statement. 

Sincerely, 

ctl .... ~~ Ql_.g~ A 

Deputy Assistant ~~ry­
for Environmental Affairs 

Enclosures from: Gordon G. Lill.--Natianal Ocean Survey 
Gerald v. Howard--National Harine Fisheries Ser1.· 

7 9 01 3 I 0 O'f7 
Qoe~, \' 
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:~. ~ . I' UNITED STATES DEPARTMENT OF COMMERCE 
·~}-.~ l} ~~~.L~!!~I E.';~~.n~c J!~~ Aemospheric Administration. 
~ j ::·;, :- /; .. ~~-~?$::;- . -

i OA/C52x6 

_',1 'I ~ ~ :9i3 

TO: 

FR<Jf: 

PP - Richa1JI L. Lehman ...­
./:,J..,. -~- /} d.t OA/Cxl - G<ifdOn G. L 1l1 

SUBJECT: OEIS #781Z.06 - San Onofre Nuclear Generating Station, 
Units 2 and 3 

The subject statement has been reviewed within the areas of NOS responsi­
bility and expertise, and in terms of the impact of the proposed action 
on NOS activities and projects. 

The following comments are offered for your consideration. 

Section 2.3.1, Surface-water hydrology, has been found to be very adequate 
for the purposes intended. the authors are to be commended for the 
thorough bibliography on the subject. 

NOS concurs with and encourages the oceanographic monitoring program de­
scribed ln Section 6.Z.2. We feel this program wilT ensure environmental 
protection and help allay public concern. 

~ 
~ 

U.S. DllPARTMI!NT 01' C'OMMI!RCII! 
Natlenat OUania DJO.tA~ Adlnlfl ... 
NctfloriQI Mall"* Plohorioo s.mc. 
~bG!Gn 
XIO s...4o ,_, ~ T...... blwtd, Callfomla 9tlr.l' 

Date January 8 • 197 9 FSW33/JJS 

To t £t.Off1ce of Ecology and Conservation 
.zm'&l!.~ 

p~·' CIJ' • __}-· ' 
.Tltru : ff. ~nnetll~. M:s. Acting Dii"'ICtor, Office of H.t.b1t&t 

, \. .. u /{l:f-' ' 

FI'Oll f:, ~l!!. Y • ...;.;.,, Aoo<~1 ""'"'• '"'""" """ 
subjK : R.r::t oEts Mo. 1su.OG - San onofrt Nuclear Generating 

Station. Units t and 3 (NRCl 

Tile SUbject. DElS whfdl IC!;III'fi1)1R1td .)IOUI' IHI'IIOrandUII Of lltcUibel' 8, 1978, 
has bien r'IYiawed by the National Marintt F1sheriu Service. The followin 
CCIIIIII!nts are offered for' .)IOU,. consideration: 

sssc1f1c COmm!nts 
s. Env1ro~ntal Effects of Station Operation 

5.4 Env 1 ron11111nta l Ifllllac:ts 

5.4.2 Impacts on the aquatic: environment 

Page 5-26, paragraph 7, Kelp 

In paragraph 7 little information ts included doc:umentfng the importance 
of kelp ~ coastal commercial fis" species. Information available 1n the 
ta\1fornia Department of Ffsh and Game Fish Bulletin 139 (Quast, 1968} 
provides SOII!t insight in that r.egard. 

Data developed by Jay Quast of the then u.s. Bureau of Commercial 
Fl&heries, and included in that publfc:at1on, indicate that in his studfes 
he found more than twenty commere1ally important flsh speciea occurring 
in the kelp beds off southern CalifOrnfa. According to those $tudfes 
the relationship of many of those spec:fes to the kelp habitat was mort 
extensive than indicated by the ffnal sentence of the !Ubject paragr1ph. 

_ This should be refhcted fn ttte text of the final EIS, 

6. Enviromaental llon1tor1ng 

6.3 O~rational ~nftoring Programs 

SCE-SER 000516

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 234 of 300
(525 of 2110)



:.. 
I 
U) 

~.3,3 Aqu.tic biological monitoring 

Page 6-7. paragraph 1 

The concept of continuing a kelp study program into the operational stage 
of SONGS is a good one. However. should those studies determine that 
·S1gn1f1cant harm is occurring to that resource. then some method of 
compensation satisfactory to the National Marine F1sherfes Service would 
need to be developed. This should also apply to the studies being 
conducted on fish impingement at SONGS 2 and 3. 

tf such measures are not adopted and ad~erse Impacts do appear the 
monitoring program may be merely documenting the demise of a valuable 
eoastal.resource, 

10. Benefit-Cost Summary 
10.7 Sum.&rY of Benefit-Cost 

Page 10-J, p!ragraph 3 

Th! potential additional cost of compensating for loss of biological 
resour~s due to the operation of SOHGS Z and 3 should be addressed. 

liTERATURE CIT!D 

Quast. Jay c. t968. B. Observations on the food of the kelp-bed fishes. 
In: California Department of Fish and Game. Fish Bulletin 139, 
Pp 109-142, 
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t~} DEPARTME!'lT OF \"lEALTH. EOUC).TION. AND WELF).R£ 

~ 

PUBLIC HEAL.. TH SltAVIC:&; 

fl'OOO .\NO DRUG AOMINISTRA'ICN 
FIOCXVU,.t.,£. '"AAVLANO 208!17 

]ilJlJ.IAJI.fJ 25, 1979 

Mit. fJI.iLUam H. Regan, JJt.., Cit.le6 
Env.UWIUlltntat PM j eet6 '81r.attch 2 
1U.vi.J.i.on a6 UU S¢6«11 

and Env.i-tolllfte11.td AntW,t4i.J 
u.s. Nuc..Ua!t Regula.talt.IJ Cc!llll4i..i.on 
&kt61W!g.ton, o.c. tasss 
OeAJt. ,Ill!.. Regan: 

The Oepclll.t!l!ent a6 Hu.Uh., Eduea.t.i.on, and WU6Me hcu. Jt.ev.ww.ti. the. 
h.u.Uh. 44Pec.b o~ 01!46.t EnvLtanmw.tat. sta.teme.n.t .te.Wed .to opeJr,O;t.i.on 
a6 the San Ona~ Ge.n~ S:tt:tW!tt, Utt.i.U t and ;, Sau.tlteJt.tt 
Ca.U.6alf.lf..ia &Ut.on Company and San tU.ega G40 and ~'r.i.c. Compr:uuf and 
hcu. the. 6o~ comen.t4 .to a66e~t. 

Sf.eti.Dn 5. s Rad.i.o!Dg.ic4t. 1mpcu;.t'4 

Tile .btd.l.v.idu.a.t. doiJ e.1 a4 ~.ie.d ht Tabte 5. 3 <lite. «U tUi.:thht 
Appt.nd.U 1, IOCFRSO de.s~n objeeti.ve.s and 4hou.t.d. 444Wte. cukqt.utte 
~tt p!tO.teeti.on o 5 the pub.Uc. 6oJt Mu.tine .te.t.e.a4e.s. Howeve.lt, 
U 4hou.t.d. be. .ucogn.ize.d ht .dti.J JJeeti.on .dta:t. 10Cl'Rt90 p!tOI!IU.tga.te.d 
b!f EPA be.c:ame. e.66e.c:ti.ve. ht JllJlJ.IA/I.!f 1919. A 4-t:a.teme.n.t ~hordd be. 
.i.rtc..tJ.ui.e ~ .dta:t. SONG t and 3 wU.t. at.! o me.e.t .dti.J 4.tartda.td. 

!.t i.J ~teeognh:e.d .tha.t thf.ltf. <lite. mi!Jt!f va1t.iable.s .dta:t. &!6-lue.ttee oc.cupa.­
.ti.onal. f.XPC.\W<f. 3011. ct 4ped6U:, ptM.t. flowevu, .t Jte:c.ent A.tcm.i.c. 
!ndu.l.:tlr.1.4.t. FaiU.Ult ~J:t;u/.y a& oc.cupa..t.i.onal. txpO.\W<e.4 Jhowe.d. ~alt. .:t PWR a 
;tD.t;z.t. o5 694 matt-ltf.nr pve yea/f. 44 a lt~p!<e.lmta.t:ive. PWR expo<~u.te. pa.tte.'Ot. 
Ao a C.CMf.ltvctti.ve. e.s.:Uma.te. the. p!<Oje.c..ted ~c.cupa..t.i.onal. e.xpcJu.te .(mpac..t 
a6 the. .two-w.i.t San 011.06/f.e S.tctti.on wou.t.d. be. 1400 man-Jt.e.m pe-t yeA/f.. 

The. 4UJ1'1/11JJr.!f a~ f.II.V.iJtoltli!VIbt c.oM.i.de.ltctti.an 6al!. Wl4ll.ium 5ue.t c.!lc.le. 
<~"-' .in Table. S. 8 appea,t .to be. wi.th.in. ac.eepUble. ~n p.\a.te.eti.on 
UmU:4. floweve.lt, .\ame. adclU.i.onal. explal!.a.t.i.an '-'li.th.in the. .te.s.t alt btJ 
ct 6aatna.te. i.J nee.de.d 6aJt .the. d.iApo.~.tl o5 .!>c.udb. !lt ~. the 
.!.ta.te.ment .dta.t TRU and HUll wau.l:J. be. buJUe.d at a Fe.de.tctl Rtpol..Ualt.IJ 
4houid oe. mod.i-6-Wi .to .incLi.i!a.te. aLte.ltna.tive.s SoJt wpo<~al. on .the.4e 
u.w.te ht .tlte event the Fe.de.tcte .te.pc.~.UOit.IJ i.J nc.t ope,tctti.cnal. when 
~tequ.i.ted by plan.t apvea.ti.oM. 

'J­
t&~f:7\o 

\ \ 
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Page. -z- .lilt. f.IJ.i..UiJl11J Regan 

S<.eti.on 6. Z. 5 Rad.i.oiag.i.ca.t .llon.i;ta.Wtg PltCgiUU!I 

The p!<~p~na.i. monUoJLbtg plt0gl!ill7! p!te.le.n.ted .i.n Se.e.ti.on 6. I. 5 o6 .the 
cnv.i.tanme.n.tal. Repo'Lt i.J ade.qt.utte. 6al!. me.e..ting the. objec.U.ve. ~.ta.ted .i.n 
.thi.J ~ec..ti.pn. Tlte. C1.4.tabli.Jhment a6 the. .tad.i.otag.i.C!ti. manUolW!g pJtDgiUU!I 
'{l~U..olt .to 6.taJt.t a 6 ape-tctti.ctt4 41tou.td p!<CV.i.cte the nec.C/.441lit!f da:ta. .to ve;Li.~y 
.the e6oec.t.i.ve.tte.44 o6 .i.n-ptM.t c.on.Vtoti and tD p!<OV.i.de. ct44WUIItC~ .tM.t 
wu1e.te.c.te.d Jtctd.i.oaeti.v.i.ty wU.t. 11.0.t b!l.U.d.-u.p ht the e.nv-Utottmen.t. 

See.ti.ott 7 Env.UWMe.n.tal Zmpaet o6 Po~ Aee.i.de.nU 

The. e.stimcz.te.d e.xpc<~Wte. o6 the. po~n tUi.:thht a so mi.l.e. .r.a.riU.J..! aa .the 
plan.t ~ltown ht Table 7. Z camtO.t be. ade.qu.a.tdy evdwtte.d without ~ame. 
.1peci.6.(.c. da.ta ht .the. .te.x.t on the .lau.tee. .te.Jtm. OIU:Jtau.t .1uch da:ta. .U i.J 
pou.w.te .to ~umot. .dta.t the. e.nv.il!.oltllltntat COMe.q!Wic.e <14 a .te.JuU o6 <X 
da.\.1 8 ac.e.i.de.n.t c.otdd be. ma~t.e Jeve.Jte. .than i.nd.i.c.a..te.d ht .the. WtUI:.d.y 
event o6 4uch an ac.dde.tt.t. 

The.Jte. i.J 11.0 ~I!! ht .thi.J o~e.eti.on 011. pl!.e.v.i.oiL6 ~ an em£1!9e.ttey 
lt.UpaMe. pt.ann,iJtg tl1 tr!U<.ga.te. the. c.oMe.q!Wiee.s o6 an ac.e.i.de.n.t .that eauid 
i.mpac.t on the. a66<1.Ue. poputa.tian. A dJAc.u.u.i.on o6 the. aMall!Jement .that 
hcu. been mack w.Wt S.ta.te. and !Dc.al. llJJ.thalti..ti..e.s o~hou.ld be. htc..lude.d .<n 
.thi.J .oe.eti.on • 

The d.iAcu..\.\iDM .in paJtagJUt.pit 4, page. 1-Z an .the. Re.ac.t1111. Sa6«!/ St:udiJ 
(CI/ASif-1400) l!.elctti.ve. tD d.iAC/.1.\.\i!Jn w.Wt EPA .U ou.t.dirte.d { 79731, and 
.!>htce. .U WC/.1.\.\e.l o~c.cpe. o6 .the. 4.tud.rJ, and nc.t ~te.~u.tt&, o~ltou.td be Jte.­
mave.d. ,llolte i.mpal!.tan:U..tj, a .1.ta.te.ment .ohotdd be. .i.nc..lude.d on the .tech­
ttic.al. Jt.evi..w all. eonc.lu..I.WM .that lutve be.e.n pltOv.i.de.d btJ EPA, othu 
Fe.dWU: age.ttde.s oil. buie.pe.ttden.t ~t.ev~. Sud!. ct .1.ta.tente.tt.t would be 
he.l.p6u.l .in ac.c.ept&tg .the. low f.II.V.iJtonme.ntal. lti.J/1.4 aJ.ooc.i.o.te.d w.Wt the 
po~ IWI.i.oiogi.t:al. ~. 

On the. b44i.J a6 .thi.J ltev.WU .U i.J eattc..!uded .tha;t the. San OttOo·te. .Vu.c.lea.t 
Gvtl1.i!<l.tiHg s.t<X.t:tcn, ~ Z attd 3 c.an be ape,ta.ted tD mee.t eu."!.tC!tt 
.'tJt.d.ia.t<.cn p!<O:te.eti.on gu.idanee and p!tOV.i.de. ade.qt.utte. p!<O.te.e.ti.on a l the 
)'Ub.Ue ;,uUJr. and 6a6 «!/. . 

S.inc.~ IJCU!t4' • . 
(.' '" ij .· • ' 
,~._ :<2'~-! -(r/ 

Chllltee.s L. flle.ave.t ' 
CcMu.ltant 
8wuuu.c. a& Rad.i.oiog-U:a.l flu.Uh. 
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Southern Cllllfornls Edison Company sa= 
J. H. DRAKE 

,_ o..axeoo 
DoW WALHIJT' OJIIOVE AVJ:NIJC 

fltOSCMUD, CAUP'O"NIA 01170 

February 2, 1979 

........... "" 
.113•.,..._.UWe 

Director, Office of Nuclear Reactor Regulation 
Attention: William H. Reaan, Jr., Chief 

Environmental- Projects !!ranch 2 . 
Division of Site Safety and Environmental Analysis 

u. s. Nuclear Regulatory Commission 
Nashington, D. c. 20555 

Gentlemen: 

Subject: San Onofre Muclear Generatino Station 
Units 2 and ·3 
Docket Nos •. 50-361 and 50-362 

In accordance with your reauest of November 30, 1978, the 
Southern California Edison Company and the San Diego Gas 
& Electric company have reviewed the Draft environmental 
Statement (DES) related to the operation of San Onofre 
Nuclear Generating Station, Units 2 and 3. Enclosed are 
comments generated from this review. 

Should have any questions or require clarification 
regarding these comments, please contact me. 

Enclosure 

Very ~Y yoqrs, 

/,.h/J{~ 
. . .:-;/7! ,<;A/ 

:f 
'190308025C.. C.d'J\ ' \ 
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ATTACBMEN'l'S 

Figure 6.14, page 61 of Reference (5) 

Figure 6.29, page 76 of Reference (5) 

Figure 6.34, page 81 of Reference (5) 

Figure A-7, page A-15 of Reference (5) 

Figure 6.8, page 47 of Reference (5) 

NOAA Climatological Data, July 1975 

Air Temperatures at SONGS 

July 1976 

April and July 1977 

July 1978 

Del Mar Current Meter and Temperature Data, May-December 1978 

San Onofre Area current and Temperature Data, May-August 1978 

Pages 103-106 of DES reference 8 

Figure 1 Surface Isotherms for 0.0 knots 

Figure 2 • • • 0.1 

Figure 3 

Reference (19) 

Reference (20) 

Reference (21) 

0.25 

Temperature Data from References (8), (22), (23) and (24) 

Reference (2) 

Bottom (30') Water Temperatures at san Onofre, July and Aug. 1976-78 

Pages 41 and 71 of Reference (16) and page 42 of Reference (17) 

Revised DES Table S.l 

Y Revised DES Table 8.3 

z Revised DES Figure 3.5 
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COMMENTS 
BY 

SOUTHERN CALIFORNIA EDISON COMPANY 
SAfl DIEGO GAS & ELECTRIC COMPANY 

ON THE 

DRAFT ENVIRONMENTAL STATEMENT 
RELATED TO THE OPERATION OF 

SAN ONOFRE NUCLEAR GENERATING STATION, UNITS 2 AND 3 
DOCKET NOS. 50-361 AND 50-362 

PREPARED BY THE 

U. S. NUCLEAR REGULATORY COMMISSION 
OFFICE OF NUCLEAR REACTOR REGULATION 
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INTRODUCTION 

The Draft Environmental Statement (DES) has been reviewed by 
the Southern California Edison Company and the San Diego Gas & 
Electric Company (hereinafter referred to as Applicants). 

Comments resulting from this review are to identifY 
inaccuracies in the data or discussion and provide 
clarification or correction. The comments follow the 
organization and numbering in the DES and should be read in 
conjunction with the referenced section. 

-1-

SUMMARY AND COI!CLUSIONS 

Comment A-1 

(page iii, item 2) 

The- DES states, "Each unit will produce up to 3q10 MWe and 
a net electrical output of 1057 MWe". 

It should be noted that 1057 M\~e as stated in the applicants' 
ER-OLS* and in the DES was calculated using the Turbine­
Generator (T-G) manufacturer's guaranteed output of 1127 MWe, 
which corresponds to an NSSS output of 3266 MI-le, and an 
estimated in-plant consumption of 70 MWe. 

However, when the NSSS is operating at 3410 Mlie, and the T-G 
is at the wide-open valve condition (normal operatin~ 
condition) the T-G output will be 11B1 MWe. Current estimates 
of in-plant consumption have been revised to 75 ~lHe. 
Therefore, it is suggested that the net electrical output 
value be expressed as being in the range of 1052 ~~1e to 
1106 MWe per unit when the NSSS is operating in the 3266 MWe 
to 3410 MWe range respectively. 

*ER-OLS will be revised to reflect the range of 1052 MWe to 
1106 MWe output per unit, in a future amendment. 

Comment A-2 

(page iii, item 3a) 

The applicants do not agree with the conclusion reached by 
the staff on the possible destruction of at least a portion 
of the San Onofre kelp bed as a result of the thermal discharge 
from San Onofre Nuclear Generating Station. The assessment 
of impacts to the aquatic environment is invalid because of 
the-use of inappropriate data from the staff's numerical 
model. A reassessment of the impacts is needed using ambient 
temperatures from actual field data. Actual field data are 
appended to these comments. Using appropriate ambient tempera­
tures in the assessment, the excess temperature from thermal 
plume predictions made by either the applicants or staff will 
not create adverse effects on the San Onofre kelp bed. 
(Attachment T) 

-2-
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Comment A·3 

(page iv, item 6(B)(2)) 

The preoperational monitoring program outlined in Section 6 
goes beyond the applicants• program approved by the NRC by 
letter dated July 6, 1978, and is apparently based on 
inappropriate predictions of impact to the San Onofre kelp 
bed. The operational monitoring program outlined in Section 
6 is an extension of the preoperational monitoring program. 
The operational environmental monitoring programs are under 
development for Units 2 and 3 Environmental Technical 
Specifications (ETS) and will be submitted in the near future. 

-3-

1. INTRODUCTION 

1.1 HISTORY 

Comment 1-1 

(page 1-1, paragraph 2) 

The net electrical output for each unit is in the range 
of 1052 to 1106 MWe. Refer to Comment A-1 for discussion. 

-4-
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2. THE SITE 

2.ll METEOROLOGY 

2.4.11 AtmosPheric dispersion 

Comment 2-1 

(page 2-~) 

The DES indicates that the onshore tracer test conducted 
by SCE substantiates the acceptability of data measured on 
the San Onofre onsite (bluff} tower for use in calculating 
atmospheric dispersion. However, the DES does not 
consider the enhanced dispersion estimates derived ·from 
the onshore tracer test results. Consideration should be 
given to the enhanced dispersion estimates derived from 
the onshore tracer test results. 

2.5 SITE ECOLOGY 

2.5.2 Aquatic ecology 

Comment 2-2 

(page 2-9) 

Oceanographic data reports from the past have incorrect 
consultant sources referenced. The first source in the 
list of three sources should be: 

"(1) a thermal effects study performed jointly by 
Environmental Quality Analysts, Inc. and Marine Biological 
Consultants, Inc. in 1973 using data and results obtained 
from 19oll-1972 by Bendix Marine Advisors, Inc., and 
Intersea Research Corporation." 

-5-

3. THE PLANT 

3.2 DESIGN AND OTHER SIGNIFICANT CHANGES 

3.2.1 Plant water use 

Comment 3-1 

(page 3-1, paragraph 2) 

Delete the words, "makeup to," in the second sentence. 

Comment 3-2 

. (page 3-1, paragraph 3) 

The word, "makeup" should be corrected to "cooling," in the 
second sentence. 

Comment 3-3 

(page 3-1, paragraphs 2 and 3) 

In the discussion of plant water use, the flushing of 
traveling bars and screens is incorrectly described. 
Seawater will be used for the flushing of the traveling 
bars and screens, not fresh water. 

3.2.2 Heat dissipation system 

Comment 3-ll 

(page 3-1) 

The discussion should also include a description of the 
Seismic Category I ftuxiliary Intake·Structure of the 
circulating water system. The description or this design 
change can be round in Section 3.4.1 of the ER-OLS and 
Section 9.2.5 Of the FSAR. 

-6-
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Comment 3-5 

(page 3-1, paragraphs 4 and 5) 

The seawater used for "cooling" has been incorrectly 
labeled "makeup." This error appears in the second 
sentence of paragraph 4 and the first sentence of paragraph 
5. 

Comment 3-b 

(page 3-1, paragraphs 5 and 6) 

The word "screenwell" should refer to the intake screenwell 
structure shown in Figure 3.3 and not the traveling 
screens. Lines 6 and 7 of paragraph 5 use "screenwells" 
where "traveling bars and screens" are being described. 
Also, in the second sentence of paragraph 6 "screenwells" 
is used ins£ead of •traveling screens• and should be 
corrected. 

Comment 3-7 

(page 3-3, Fig. 3.2) 

Figure 3.2 has been revised by the applicants to include 
the design details of the Auxiliary Intake Structure 
(Comment 3-4) and show the elimination of the manhole on 
the velocity cap. The revised figure can be found in 
Section 3.4 of the ER-OLS, Figure 3.4-2. 

Comment 3-tl 

(page 3-5, paragraph 1) 

The seawater used for "cooling" has been incorrectly 
labeled "makeup." This error occurs on lines 2 and 5, and 
should be corrected. 

Comment 3-9 

(page 3-5, paragraph 1) 

The third sentence should read: 
"To achieve the temoerature required to control 
biofouling each unit has a recirculation and crossover 
gate." 

-7-

2.3.1 Liquid Radioactive Waste Treatment System 

Comment 3-10 

(page 3-7, paragraph 7) 

The flashed steam is routed to the "third point heater", 
not the "main condenser hotwell". 

Comment 'l-11 

(page 3-8, Fig. 3.5) 

The figure should be changed to reflect the correction 
identified in Comment 3-10. See revised Fig. 3.5 
(Attachment Z). 

Comment 3-12 

(page 3-11, line 1) 

The discussion on steam generator blowdown is incorrect. 
There are two steam generators for each unit, not four. 

Comment 3-13 

(page 3-13) 

The discussion on the containment ventilat on svstem should 
include a description of the 2,000 cfm min -purge system. 
The description of this design change can e found in 
Section 9.4.1 of the FSAR. 

2.4.1 Chemical Effluents 

Comment 3-14 

(page 3-16, paragraph 1 1 line 4) 

The statement, "maintain a clean circulating water system," 
should be changed to read, "maintain a clean condenser 
system." 

-8-
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Comment 3-15 ~·· 

(page 3-16, paragraph 3, line 11) 

The applicants will use a nitrite base compound or 
potassium chromate <K,CrOul as the corrosion inhibitor 
for the turbine and comportent cooling water system. The 
statement in line 11, "will be treated with Nalco 39 to 
inhibit corrosion," should be changed to read, "will be 
treated with a nitrite based compound or potassium chromate 
to inhibit corrosion." 

3.2.5 Transmission Lines 

3.2.5.1 SCE Transmission Lines 

Comment 3-16 

(page 3-19, line 31 

The reference number for the description of retrofitting 
should be "4" not "1." 

Comment 3-17 

(page 3-20, Fig. 3.9) 

An additional note should be added to the figure as 
follows: 

"The drawing depicts the four-circuit structure 
that will be used by SCE. SDG&E will use a similar 
structure with five circuits." 

3.2.5.2 SDG&E Transmission Lines 

Comment 3-18 

(page 3-20, paragraph 1) 

In the discussion or SDG&E's transmission lines, Talega 
Substation has been misspelled consistently throughout. 

-9-

3.2.6 Probable Maximum Flood Berm 

Comment 3-19 

(page 3-23, line 1) 

The reference number for the letter to the NRC should be 
"5" not "4." 

-10· 
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5. ENVIRONMEHTAL EFFECTS OF STATION OPERATION 

5.3 IMPACTS ON WATER USE 

5.3.1 Thermal discharges 

General Comment Concerning Section 5.3 

Applicants and the NRC both have evaluated the thermal effects 
of the diffuser system proposed for SONGS 2&3. The applicants 
applied a physical hydraulic model study. The NRC staff 
applied a depth-averaged numerical model. Applicants• model 
predicts compliance with all state and federal water quality 
requirements. The NRC Staff model predicts similar compliance 
for all realistic conditions but predicts potential violations 
of state thermal regulations for certain admittedly 
unrealistic conditions. 

For reasons inherent in the input and methodology of the NRC 
staff model, applicants do not consider the staff's 
predictions to be valid. Further, applicants' model does 
not predict violations of the State Thermal Plan even under 
the unrealistic conditions postulated by NRC staff. 
Specific comments on DES Section 5.3 are discussed below: 

5.3.1.1 Aoplicant's thermal analysis 

Comment 5-1 

(page 5-1, paragraph b) 

In the discussion of the physical model, the temperatur0 difference of the discharged water is reposted to be 30 F 
higher than the surrounding water. The 30 F delta T was 
necessary to achieve

0
dynamically correct scaling of the 

actual delta T of 20 F and this fact should be mentioned 
in the discussion to avoid confusion. 

Comment 5-2 

(page 5-2, paragraph 3) 

The statements are made, "The staff has reviewed the 
applicant's thermal analysis and believes that the physical 
model does not adequately represent certain hydrodynamic 
mechanisms and certain physical features of the prototype. 
The most significant of these is the limitation of the 
duration of the simulation by the size of the model basin." 
and "In fact, for the conditions represented in Figure 5.3, 

-11-

an increase in simulation time would likely have resulted 
in predicted excess temperatures that violate state thermal 
standards." The applieants do not agree with these state­
ments. The assumption that the si%e of the model basin limits 
the ability of the model in terms of representing valid 
results for longer time duration conditions are not considered 
to be valid. The conditions represented in DES Figure 5.3 
represent a worst case condition and it is illustrated in 
the following paragraph that equilibrium had already been 
reached. An increase in simulation time would not have 
changed the predicted results. 

In Figure 6.14, page 61 of Reference (5} (Attachment A) it 
is shown that for the circumstances represented in the DES 
Fig. 5.3, the hydraulic model had clearly reached an 
equilibrium peak temperature. The prototype period of time 
represented in this hydraulic model test of a zero drift 
situation is in excess of 30 hours of continuous operation 
at full load. Referring to Attachment A it can be seen 
that the peak temperature measured in the hydraulic model 
basin (the upper curve) quickly reaches-an equilibrium level 
in a time of approximately 12 prototype hours. For the 
subsequent 1B hours of operation at zero drift velocity, the 
only variation in temperature is that associated with the 
experimental fluctuations. The behavior is similar for the 
lower curve, which is the peak temperature measured at a 
distance equivalent to anywhere beyond 1000 ft. from the point 
of discharge. 

The results given in Attachment A, and the detailed error 
analysis performed in Reference<S~ show quite clearly that 
there is no basis for the assertion that the hydraulic 
simulation represented in Fig. 5.3 of the DES, if continued, 
would lead to a violation of the state thermal standards. 
To the contrary, it is clear that in a no-drift situation 
an equilibrium peak temperature of 2.3°F (beyond 1000 ft.) 
would be reached within about 12 hours and this peak 
temperature would not be exceeded for longer durations. 

The DES further states, "Once the thermal plume reaches a 
lateral boundary of the tank, the simulation must be 
terminated. The length of the simulation is thus dictated 
by the size of the model basin rather than by the natural 
time scales of the problem." 

The tests do not have to stop when the thermal plume reaches 
a boundary because a large prototype area is represented by 
the model basin and the maximum temperatures are close to 
the diffusers. Furthermore, the natural time scale of the 
problem is that associated with the initial jet mixing and 
establishment of the steady induced offshore drift of the 

-12-
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thermal field. The time scale associated with the 
establishment of steady state conditions in the model was 
found to be 12 hours at the most. The size of the basin does 
not limit the results until more than ~0 hours, as shown in 
Attachment A. It is also confirmed by the results given in 
Figures 6.29 and 6.3~. pages 76 and ~1 of Reference (5) 
(Attachments B and C). The results shown are for a situation 
where the hydraulic model was operated for the accelerating 
current pattern given on Attachment B. The outcome of the 
model is shown in Attachment C. It can be seen that the peak 
temperature rapidly reduces as the current velocity increases, 
showing that the natural time scale or response time is only 
a few hours. Indeed, it is because of the short time scales 
of the problem that the hydraulic model is appropriate. 

The reason for the short time scale can be seen in Figure 
A-7, page A-15, of Reference (5) (Attachment D) and in Figure 
6.~. page ~7, of Reference (5) (Attachment E) which both 
clearly show a surface layer of warm water overlying a cooler 
bottom layer. The diluting water for the discharge jets is 
always drawn from this cooler bottom layer so the dilution 
is fixed by the rate of supply of bottom water. When there 
is no drift the bottom flow is generated by the jet 
entrainment. When an ambient current is present the flow 
of diluting water is even greater so the peak temperatures 
are reduced. 

Comment 5-3 

(page 5-2, paragraph ~) 

The DES states, "Although the problem of underprediction is 
inherent in all the applicant's results, it is less signifi­
cant for the realistic cases." It cannot be concluded that 
the hydraulic model consistently underpredicts delta T's with 
respect to what will really occur; rather, the only conclusion 
that can be .drawn is that the math model gives consistently 
higher values than the·pbysical model. 

The basic hydraulic model report (Reference (5)) discusses 
possible errors in hydraulic mgdeling and deduces a 
laboratory target value of 2.5 F so Shat all possible 
errors will be included within the 4 F limit; but the report 
does not imply that there is an expected bias in the results 
as the errors could as well be negative as positive. 

-13-

5.3.1.2 Staff's thermal analvsis 

Comment 5-4 

(pages 5-3, 5-4, and Fig. 5.6) 

Atmospheric data purported to be typical of July are used 
in the NRC mathematical model to predict ocean temperatures. 
Specifically, aiS temperatures with a eaximum of 
approximately ~2 F and a minimum of 65 F were used in the 
model (see DES Fig. 5.6, page 5-7). 

Actual field data measured at coastal sites in Southern 
California for July show mean daily maxima and mean daily 
minima substantially lower than these temperatures. In 
addition, temperature summaries for the San Onofre site 
presented in Table 2.3-6 of the FSAR and Table 2.3.2-4 of 
the Applicants• Environmental Report OL Stage show mean daily 
ma~ima and eean daily minima temperatures on the order of 
67 F and 61 F respectively. 

Published u.s. Climatological Data for July 1975, 1976, 1977, 
1978 (Attachments F, G, Hand I) give temperatures for two 
coastal stations {Newport Beach Harbor and Santa Monica Pier). 
Data at San Onofre are from the meteorological tower 
maintained at the site: (Attachment J), 

Actual Air Temoeratures For The Month Of Julv 

Newport Beach Santa Monica 
Harbor Pier San Onofre 

mean daily mean daily mean daily 
..!!!!!.,_, -.!!!!.!L ~ ....!!!.!!!__ ..!!!!,!._ ....!!!.!!!__ 

1975 69.~~F 62. 1~F 68.0~F 61.5~F 66.6~F 59.5~F 
1976 72.~0F 64.~0F 71.1

0
F 63.50 F 67.6 F 63.3 0 F 

1977 70.7
0
F 61.4

0
F 67.9

0
F 61.2

0
F 67.5 F 61.5

0
F 

197t! 70.7 F 62.0 F 68.1 F 59.8 F 67.5 F 61.2 F 

The indication is clear that a typical July daily atmospheric 
ma~imum temperature at San Onofre shoulg be in the order of 
6~ F with a typical minimum of about 61 F. 
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These atmospheric data are an important feature of the 
numerical model since high air temperatures will lead to high 
ambient water temperatures being produced by the numerical 
model in the inshore region. An indication that this has 
in fact occurred, are the water temperatures used in Section 
5.11 (in the benthic gectiog ambient depth-averaged 
temperatures of 27.~ C (e2 F) and in thg kelp section ambient 
bottom temperatures of 21.5-211 C (71-75 F)). These 
temperatures are considerably higher than have actually been 
measured in the field (References (8), (22} and (23)). High 
ambient ·water temperatures in the inshore region will, in 
turn, be reflected as high temperature increments offshore 
due to the inshore water being transported offshore by the 

.net offshore drift produced by the diffusers. It is quite 
likely that these features of the numerical model could be 
responsible for the possible temperature excess violations 
predicted by the staff's numerical modeling. 

Comment 5-5 

(page 5-11, paragraph 2) 

The DES omits computed ambient temperature maps (without 
heated water discharge) and computed temperature maps with 
thermal discharge from which the delta T maps were derived 
as presented in DES Figures 5.8, 5.10, 5.12, 5.111, 5.16, 5.18, 
5.20, 5.22. DES Section 5.4, environmental impacts, refers 
to this section (5.3.1) and discusses absolute values of 
ambient temperatures. 

Since the basis for the prediction of temperature excess 
associated with the operation of SONGS Units 2 and 3 is the 
difference between the numerically predicted temperature 
distributions for operating and ambient conditions, these 
temperature maps should be made available to the applicants 
for evaluation and interpretation, or included in the FES. 
In addition, these temperature maps are essential to the 
assessment of impacts on marine life and necessary to provide 
the basis for much of DES Section 5.11. 

-15-

Comment 5-b 

(page 5-7, paragraph 2) 

The DES states, "The net downcoast drift used for these 
simulations is based on limited data for mid-July. During 
other times of the year, the data indicate that an absense 
of drift can persist for up to several days. 
Although there are no data to confirm a no-drift assumption 
during mid-July, the staff believes that this situation is 
at least possible, and therefore, should be considered." 
Applicants disagree with the assumpation that a no-drift 
situation is possible. 

Current data analyses have been previously supplied to NRC 
(References (3) and (q)). In Reference (3), pages 59 and 
60, it was concluded that current speeds are higher in summer 
than in winter and that, during winter, periods of very low 
currents could exist lasting a few days, but that tracks 
indicated no evidence of currents with no net transport during 
this period. The available current record·for summer, 
published in Reference (3), shows no evidence of any period 
of no net drift. 

In Reference (It) more·recent data obtained by Winant and 
Severance for the Marine Review Committee were analyzed. 
These data were collected using a newer type of current meter 
less susceptible to clogging than the meters used for the 
data previously analyzed (obtained from Intersea Research 
Corporation). Reference (ij) makes it clear that at no time 
in the current meter records are there data to indicate that 
there is a period of zero drift. In fact, the records 
indicate a substantial drift either upcoast or downcoast with 
a speed of the order of 0.1 to 0.2 knots (5-10 ems/sec). 
The data therefore confirm the drogue and current meter data 
initially obtained by Intersea Research Corporation (IRC). 
The data appear to indicate that in fact IRC's meters may 
have been underrecording the magnitude of the currents. 
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In the past year (1978) more data have been collected at Del 
Mar (15 miles downcoast from San Onofre) by Winant of Scripps 
Institution of Oceanography and also at San Onofre by Brown 
and Caldwell Engineers under contract to the Marine Review 
Committee of the California Coastal Commission. Winant's 
data (Attachment K) show substantial longshore currents 
always occur at Del Mar. The Brown and Caldwell data obtained 
at the San Onofre site appear to be well correlated with the 
Del Mar data and also indicate strong drift currents either 
upcoast or downcoast for periods of several days. The change 
in direction is always a rapid process. These most recent 
data further corroborate the previous conclusion that there 
exist no periods of zero drift (Attachment L). A zero drift 
period is not considered to be credible, and should not be 
postulated for evaluating compliance with the state thermal 
requirements. 

Comment 5-7 

(page 5-7, paragraph 3) 

The DES states, "Although the thermal numerical model is 
depth-averaged, it is still possible to address the state 
standards with model results because the buoyancy and shear 
generated by the diffuser discharge produce a hydrodynamic 
instability, resulting in the water column's beigg well mixed 
within several diffuser lengths of the discharge • Therefore, 
within the specified mixing zone, the depth-averaged 
predictions are reasonable representations of surface 
temperatures." 

Reference 1:!. C. w. Alllquiat and K. D~ Stolzl!llbach, 
Staged Dit't'Users in Shallow Water, Report No. 213, 
Ralph M. Parsons Laboratory far Water Resources and 
Hydrodyrlamios, Mu!sacllusetts Institute of Teolmology, 
C:allbriclge, Hll!sachusetts, 197b. 
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Referring to pages 103-106 of DES Reference IS (Attachment M) 
it is clear that the hydrodynamic instability claimed as the 
basis for application of· depth-averaged numerical. modeling 
definitely will not occur with the San Onofre diffusers. 
It is therefore evident that depth-averaged modeling is 
inappropriate to the San Onofre configuration so that drawing 
conclusions about violation of the California thermal 
standards on the basis of the results of such a model is not 
valid. It cannot be concluded that depth-averaged predictions 
are reasonable representations of surface temperatures. For 
the same reasons, the bottom temperatures ·cannot be predicted 
correctly from the NRC depth-averaged numerical model. 

Comment 5-B 

(page 5-7, paragraph 4) 

The DES states that, "The model numerical is inadequate 
for addressing she issue Of bottom temperature. However, 
at worst, the 4 F excess temperature shoul~ only touch the 
bott.om over a very limited area in the vicinity of the Unit 
2 and 3 diffusers." 

The applicants agree that the numerical model is inadequate 
for'addressing the bottom temperature issue as noted above. 
In view of the staff's admission of 'this i~adequacy0there is 
no.basis for the staff's statement concerning the 4 F excess 
bottom temperatures. In the assessment of San Onofre 2&3 
diffuser plume extent, Figures 1, 2 and 3 have been formulated 
from Reference (5) (Attachments N, 0 and P). These show 
hydraulic modeling results in the horizontal and vertical 
and with respect to the San Onofre kelp bed area under 
conditions of no ambient currents, and two typically 
en~ountered downcoast ambient currents. 

It should be noted that the vertical profiles in Figures 1, 
2 and 3 (Attachments N, 0 and P) stop at a depth of 35 feet 
but the actual bottom depth is deeger. These figures show 
no indication o·r impingment of a 4 F isotherm on the bottom 
or even present in the water column. 
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Figure A-7 (Attachment D) shows an actual vertical 
cross-section of the modeling results from surface to bottom 
along the centerline of the San Onofre 2 & 3 diffusers. This 
figure shows that the thermal plume does not impinge 
substantially aaywhereoon the bottom and that a temperature 
increase of 0.~ C (0.~ F) is not exceeded on the bottom. 

Comment 5-9 

(pages 5-2 through 5-2~) 

The DES omits any reference to error analysis for either 
applicants• hydraulic modeling or the staff's numerical 
modeling. Such an analysis is essential in determining the 
bounds within which the results are accurate or applicable. 

The applicants• modeling has been subjected to a comprehensive 
error analysis, Reference (7), which discussed possible sources 
of error and determined appropriate error margins. This error 
analysis should be referenced in the DES. 

There is no discussion of errors for the staff's math model. 
As with all math models, various assumptions and coefficients 
are necessary and the results must be viewed with consideration 
of the potential error inherent in the model. It is a 
particular concern with this math model which appears to be 
deficient in representing the real phenomenon occurring, 
specifically two-layer stratified shear flow and individual 
jet mixing. Because of this, the range of' possible error for 
the math model is considered to be greater than for the 
hydraulic model. An error analysis for the staff's math model 
should be presented, or at least referenced and made available 
to the applicants. 

Comment 5-10 

(page 5-7, paragraph 5) 
(page 5-2~, paragraph 1) 

The DES states, "In the absence of drift, the 4°F excess 
temperature will not reach the shore. §owever, state thermal 
standards would be violated since the ~ F surface isotherm 
will extend beyond the 1000 ft. radius during most of the 
tidal cycle. The staff concludes that although there exists 
a remote possibility that state thermal standards could be 
violated by the operation of Units 2 and 3, violations would, 
at worst, be infrequent and for short periods. There is no 
evidence in available drift data to indicate that such an 
occurrence would take place during the summer when thermal 
impacts would be the most severe." 

-19-

The applicants do nos agree that the state thermal standards 
limitation for the 4 F surface isotherm beyond 1000 ft. for 
more than one half of a tidal cycle will be violated in the 
absence of drift or under any other circumstance. The 
applicants• thermal modeling studies addressed a no-drift 
condition, showing no violation of state thermal standards 
(DES Figure 5.3). It is the position of the applicants that 
the mathematical model predictions are excessively high, 
mainly as a result of inappropriate inputs and assumptions. 
The staf6 selected inputs include air temperatures that are 
about 10 F too high (see Comment 5-~), unsubstantiated two 
day no-drift conditions along the open coast at San Onofre 
in July (see Comment 5-o), and modeled ambient depth average 
water temperatures that are higher than ever recorded in the 
area's field data (see Comment 5-~). Also, such violations 
predicted (as remote) by the staff are derived from output 
of their mathematical model when the model itself could be 
approaching its limits of validity. Yet, this can not be 
proven, mainly because an error analysis that would 
substantiate the claimed applicability of the numerical model 
is not included in the DES (see Comment 5-9). 

For these reasons, the staff's conclus;on, that even a remote 
possibility of a violation of the state thermal standard 
exists, cannot be justified on a technical basis. 

5.~ ENVIRONMENTAL IMPACTS 

5.4.1 Terrestrial environment 

Comment 5-11 

(page 5-24) 

The discussion on environmental impacts to the terrestrial 
environment should also include an assessment of the Probable 
Maximum Flood (PMF) berm. The applicants submitted an 
environmental assessment of the PHF berm, by letter dated 
February 14, 197~. The assessment indicated that the PMF 
berm should have no adverse environmental impact on the 
terrestrial ecological characteristics. 
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5,q,2 Impacts on the aquatic environment 

5.4.2.1 Effects or the heat dissipation system 

Thermal ef'fects 

Comment 5-12 

(page 5-24, paragraph 8) 

The discussion of the proposed heat treatment states, "the 
applicant proposes to heat treat portions of the .intake system 
to remove biological growth (Sect. 3.2.2)." This statement 
is incomplete since the applicants also propose to heat treat 
the discharge system. The text should be changed to reflect 
this point. 

Comment 5-13 

(page 5-25, paragraph 2) 

While the applicants do not agree that the area to be affected 
by thermal discharges will· be greater than previously thought, 
the applicants do concur that even assuming a larger plume, 
the impact to the aquatic environment is expected to be 
minimal and or an acceptable nature. 

llih 

Comment 5-14 

(page 5-25, paragraph 5) 

The applicants agree that cold kills of fish are not likely 
to occur, ·but for the reason that the extent of the thermal 
plume is relatively small, and the difference between the 
ambient and the induced temperatures is less than the rapid 
temperature changes that occur naturally. 

Comment 5-15 

(page 5-25, paragraph 4) 

It is stated that, "However, with more area to be influenced 
by the effluent, more fish potentiallY will be affected." 

-21-

This appears to be an oversimplification since the thermal 
plume will not be uniformly distributed with depth but 
rather the more buoyant heated water will be on the surface 
with the bottom water remaining unaffected. This means that 
an increase in the surface area of the plume would only effect 
fish species which inhabit the upper water column and no 
additional effect would be expected for fish associated with 
the bottom. Fish are not uniformly distributed within the 
water column and-actually exhibit a distribution opposite 
to that of the thermal plume, that is with a greater 
concentration of fish associated with the bottom and fewer 
fish associated with the surface. During the 1976 ETS studies 
a comparison of surface versus bottom gill net data showed 
that 88J of the fish were found on the bottom and only 12J 
in the surface waters. Therefore, the area potentially 
effected by a larger plume would be only the surface waters, 
which have a relatively small percentage of the total fish 
abundance. 

Benthic fauna 

Comment 5-16 

(page 5-25, paragraph 8) 
(page 5-26, paragraph 1} 

In the discussion of DES reference 11 (Ford, et al., 1976), 
it is not made clear that effects upon growth and mortality 
of s. francisoanus, P. ochraceus and R. poulsoni occurred 
only in the experiment simulating a location 84 meters from 
the discharge and not at 335 m away. 

The applicants recommend that clarification be added to these 
paragraphs in order that the reader ~e clearly informed that 
the effects discussed in the DES were limited to the 
simulation or the Slf location meter distant from the point 
of discharge. 

Benthic fauna 

Comment 5-17 

(page 5-26, paragraph 2) 

Ambient water temperatures in DES Section 5.3.1 are referenced 
here but no ambient temperatures are included in that section. 
As previously noted, in Comment 5-5, maps of these ambient 
temperatures should be presented. 
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The ambient temperatures used in the discussion of the 
assessment of benthic fauna are apparently taken from the 
staff's mathematical model. The ambient temperatures used 
are clearly too

0
high,

0
as example, "temperatures potentially 

as high as 27.6 C (62 F) may occur naturally, •.• " This is 
far in excess of actual measurement of natural ambient water 
for the area. 

The maximum surface water tempera~ure reported in the vicinity 
of San .onofre is approximately 23 C (References (8), (22), 
(23), (16) and (17)). Mean San Onofre natural surface 
temperatures for July ~nd August of the past three years 
are on the order of 19 C ~nd the corresponding bottom 
temperatures are about 17 C. 

University of California Scripps Institution of Oceanography 
(SIO) data reports entitled "Surface Water temperatures at 
Shore Stations - United States West Coast" give mean surface 
water temperatures at San Clemente pier, five miles North 
of San Onofre, References (16) and {17)): 

Mean Surface water temperatures at San Clemente 

July August September 

1977 18.27 20.48 18.53°C 

1976 19.59 17.95 19.77 

1975 18.58 17.01 17.91 

3 year mean 18.8 18.5 18. 7°C 

With surface temperatures in the 18-19°C range it should 
further be noted (for benthic assessment) that corresponding 
bottom temperatures will be even lower: all San Onofre field 
data support the existence of vertical temperature 
stratification in depths greater than about 30 feet when 
surface temperatures are in this range. (see Attachment T1 

Comment 5-16 

(page 5-26, paragraph 3) 

The DES states, "On the basis of the 1977· study 11 the staff 
concludes that several components of the benthic fauna in 
the vicinity of SONGS would probably be advergely affected 
in areas where weekly mean temperatures of 22 C prevail for 

-23-

ong month or more or where daily temperatures reach or exceed 
24 C. It is

0
not, however, anticipated that temperatures 

averaging 22 C will occur for more than 2 to 3 weeks or that 
the areas experiencing temperatures of 24°C or greater as 
a result of SONGS operation will be considerably larger than 
the area experiencing these temperatures under natural 
conditions." 

Based upon historical temperature records between 1975 and 
197M {References (8), (22) and (23))the use of weekly mean 
bottom temperatures of 52°c appears to be inappropriate and 
should be lowered to 17 c. 

The applicants recommend, therefore, that the sentence 
indicating 22 C weekly mean temperature could exist on the 
bottom for 2 to 3 weeks be changed and that a summary sentence 
be added to indicate that the components of the benthic fauna 
previously discussed will not be adversely affected. 

Also, the date of DES reference 11 (Ford,.et. al.) is 1976, 
not 1977, as stated in the first sentence of the paragraph. 

Kelp 

Comment 5-19 

(page 5-26, paragraph 5) 

The DES states, "Although this deterioration may have been 
partially a result of overharvesting, much of it is probably 
caused by the increased alteration of the near-shore 
environment by human.activities. In particular increased 
temperatures and increased turbidity have been shown to be 
inimical to kelp survival." 

The thermal effects on kelp cited in Phillips (1974) were for 
naturally occurring events and not as induced by human 
activities. Man induced thermal effects on kelp have not been 
demonstrated. 

The turbidity comment by Phillips (1974)(Reference (15)J was 
in reference to work conducted by North (1960)(Reference (12)) 
on effects of sewage outfalls on kelp health. The type of 
turbidity generated by a sewage outfall is not equivalent 
to the surface turbidity which may be ass.ociated with a 
cooling water discharge. 

It is recommended that the discussion be changed to reflect 
that the deterioration may have been partially a result of 
overharvesting, much or it is probably caused by increased 
alteration of the near-shore environment by human activities, 
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in particular, sewage treatment facilities and industrial/ 
chemical discharges. The toxic element of each discharge 
has not been isolated to date, i.e., heavy metals, 
sedimentation, oils, turbidity, etc. 

Comment 5-20 

(page 5-26, paragraph 6) 

The DES states, "Typically, canopy tissue deteriorates during 
the warmest time of the year leaving the basal portion of the 
plant (which is in cooler water) for regeneration when 
temperature and light ·conditions permit." 

It has been documented that kelp deterioration occasionally 
occurs when (apparently) surface temperatures exceed critical 
thermal limits. However, it appears· that seasonal kelp 
deterioration may be due to synergistic effects and not just 
to a thermal component. In the open coast setting, an inverse 
relation often.occurs between temperature and dissolved 
nutrients. As the temperature increases, the nutrient content 
often decreases, to or perhaps below levels critical to kelp. 
Additionally, the highest nutrient concentration is found 
on the bottom near the basal tissues and the lowest 
concentration near the surface where most kelp deterioration 
occurs {Reference (2)). · 

Other evidence {Reference (13)) impl!es that when Macrocvstis 
pyrifera is placed in a bay, ·which are typically much higher 
in nutrients than found in the open coast, the kelp remains 
in the h15althy stste even when the entire plant ts subjected 
to 25-26 C (77-79 F) for extended periods. 

At this time, it is not known clear'!y if temperature, 
nutrients, and/or other unknown components of the water 
contribute the most to kelp deterioration. However,there 
is a possibility of a beneficial effect from Units 2 & 3 
operation if. outfall upwelling creates a surface nutrient 
plume that will occasionally come in contact with kelp plants 
during the warm water months. 

It is recommended that the DES be changed to reflect the fact 
that typically, canopy tissue deteriorates during the warmest 
time of the year leaving the basal portion of the plant (which 
1s in the cooler water) for regeneration when temperature and 
light conditions permit; and that reduced surface nutrients 
and higher bottom nutrient concentrations may contribute to 
canopy deterioration and basal tissue regeneration, 
~espectively (Reference (2)). 

·25· 

Comment 5-21 

(page 5-26, paragraph 7J 

The DES states, "It is estimated that the larval, juvenile, 
and adult stages of 25 main sport fish use kelp beds for 
refuge and food gathering (eating the associated 
invertebrates, the kelp itself, or other algae) and the 
average standing crop of fish is estimated to be 300 kg/ha 
(300 pounds per acre)." 

For many years it was believed that the kelp beds, especially 
the canopy region, represented spawning and nursery grounds 
of many sport and forage fish (Reference (1)). No evidence 
·is available to support the therory that the canopy is widely 
used as a spawning area (Reference (b)). Larvae of a few 
fishes are found in greater abundance in kelp beds than 
elsewhere. These include the topsmelt, kelp goby, kelp 
clingfish and striped kelpfish ( Reference (1) ) ; species 
not considered important sport fish. 

Many juvenile fishes inhabit the kelp canopy. However,- those 
of recreational or commercial value are found to be more 
numerous in rocky areas away from kelp, i.e., kelp bass. The 
only common juvenile fish that are reported to be at higher 
concentrations within kelp beds are kelp surfperch, kelp 
pipefish and kelp clingfish (Reference (1)). 

Only one adult species, the kelp clingfish, is considered 
to be obligate to kelp plants. All other fish species will 
persist in the environment with or without kelp plants 
present. Diversity of fish species is not altered 
significantly by the presence or absence of kelp. A highly 
varied bottom topography appears to be the most important 
factor for extensive fish-life and to be of greater 
significance in this respect than kelp (Reference (14)). 

The DES should be changed to reflect the fact the kelp beds 
do not appear to be spawning grounds, rearing grounds, or 
refuge areas for recreationally or commerciallY important· 
·fish species (Reference (1} and (14)). Only the kelp 
clingfish appears to be obligate to kelp beds for survival. 
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Comments 5-22 

(page 5-26, paragraph 8) 

The DES states, "Kelp is an important commercial commodity 
••• harvested yearly at a landed value of $2 million." 

The commercial value of kelp is well documented, although, 
a kelp bed is only considered commercially important when it 
has: high stand density, extensive areal coverage and close 
proximity to a commercial harbor. The San Onofre kelp bed 
does not now nor has it ever met these criteria because of 
the limited extent of substrate suitable for attachment. The 
DES shoul.d be revised to reflect the fact that the kelp beds 
in the vicinity of San Onofre are not commercially harvested. 

Comment 5-23 

(page 5-27 ,. paragraph 2) 

The DES .states, "It has geen rather well established that 
temperatures above 18-20 C (b4-b8 F) cause deterioration or 
kelp, and the degree of degradation is directly related to 
the duration of exposure to these temperatures. Increased 
surface temperatures caused by SONGS operation (all three 
units) would have the effect of extending the period of canopy 
absence. During the hottest time of the year, data in Section 
5.3.1 suggests that the closest kelp bed (San Onofre bed) 
will experience an average surf~ce temperature increase (over 
a 24-hour period) of 1.4

0
C (2.6 F); the range of temperature 

increase will be 0.6-2.2 C (1-4°F)." 

The statement in Reference (15), of 18-20°C (64-68°F) thermal 
exposure causing kelp deterioration was based on comments 
made in Reference (12), which refers to the colder water 
variety of kelp found near Monterey, California. For kelp 
plants located in southern California waters,

0
the crit0cal 

thermal maximum is more in the range of 20-22 C (68-72 F) 
(Reference (21)). 

During the warm water months of the year, data in Section 
5. 3. 1 suggests that the closest kelp bed (San Onofre bed) 
will experience average surface water temperatgres oncreases 
due to the operation of SONGS

0
of less ~han 0.6 C (1 Fl; the 

range of temperature is 0-0.9 C (0-1.5 Fl. 
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Temperatures taken in the vicinity of San Onofre between July 
and September over a thrse year periog show a range of 
averages of 18.5 to 18.8 C (65.3-65.8 F) for the surface 
waters (References (16) and {17)~ g1early, the predicted 
maximum temperature increase of 0.9 C from plant operation 
when added to the ambient temperature in the vicinity of San 
Onofre of 18.8 C will not exceed the critical thermal limits 
established by North. The DES should be revised to reflect 
this fact. 

Comment 5-24 

(page 5-27, paragraph 3) 

The DES states,
0

"Altsough daily natural temperature 
variations of 1 C (2 F) are not uncommon in the area (ER 
page 2.2-28) they would not be continuous in nature and would 
thus not affect the bed as severely as the continuous SONGS 
discharges would. Prediction of the degree to which canopy 
disappearance would be prolonged is impossible. Regeneration 
would be quicker in years with naturally cooler ocean 
temperatures, assuming the regenerative tissues remain 
unaffected (see below)." 

The operation of SONGS 1, 2, and 3 will not have a continuous 
effect on the San Onofre kelp bed. Power p~ant thermal 
discharges will contribute no more than 0.9 C surface 
temperature increases to the kelp bed and thus will only occur 
with downccast currents. The more recent current meter data, 
as discussed in Comment 5-6 must be considered in regard to 
this kelp section. It is seen from these data that summer 
upcoast currents, which would result in no kelp bed plume 
impingement, occur during approximately half of the summer 
season. Further, the increase in temperature will be 
dependent on the strength and duration of the current. 
Increased surface temperatures due to the operation of SONGS 
1, 2 and 3 will always be. less than the measured natural 
surface temperature variations of the area, and will be 
sporadic. 

The staff is requested to revise the DES to reflect the fact 
that increased nutrients brought to the kelp bed surface 
waters by outfall induced upwelling may help resist the 
natural seasonal canopy deterioration and provide beneficial 
effects from station operation when an outfall induced 
nutrient plume drifts over the kel.p bed during warm water 
months. 
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Comments 5-25 

{page 5-27, paragraph~) 

The DES shows amgient bot~om temperatures in July reacging 
as gigh as 2a-2Q c (7~-76 F) with temperature or 22-23 c 
(72 F and 73 F) for a week at a time. These temperatures are 
the outcome of the staff mathematical model (DES Section 
5.3.1) and are an inaccurate representation of existing 
natural conditions occurring at san Onofre. Applican~s' 
Cojient 5-17 suggests that a bottom temperature of 17 C 
(6 F) is a more realistic representation. 

Also, this section referenc~s DES Section 5.3.6 as a
0
basis for 

a typical bottom temperature range of up to 19 C (66 F) in 
August and September, however, these referenced temperatures 
are not round in DES Section 5.3.1. Such a temperature 
appears to represent more adequately the extreme or high end 
of the range of summer bottom temperatures at San Onofre. 
As indicated above, an appropriate representa~ion ob a monthly 
or weekly mean bottom temperature would be 17 C (63 F). 

Comment 5-26 

(page 5-27, paragraph 4) 

The DES states, " ••• a several week period could exist in which 
temperatures exceed 19 C." 

Results or the applicants• thermal analysis demonstrates that 
the temperature increase at thg botsom in the San Onofre kelp 
bed will be much less than 0.6 C (1 F) under any current 
condition. Under most conditions it is predicted that there 
will be no increase in bottom temperature in any portion of 
the kelp bed. Bottom temperatures measured at San Onofre 
during July and Augugt over a three year period show a range 
of averageg of 12-18 C (55-64°F). The addition of less than 
O.b C ·(1.0 F) to measured ambient temperatures should have 
no adverse effects to kelp basal tissues from which the canopy 
is regenerated annually. 

·29· 

Comment 5-27 

(page 5-27, paragraph 5> 

This paragraph summarizes the staff's conclusions tgat, based 
on assumed natural bottom temperatures of 21.5- 24 C (71 -· 
75°FJ and bottgm temperature increases in the San Onofre kelp 
bed of 1 - 1.5 C (2- 3 F) due to operation of Units 1, 2 
& 3, damage to the kelp basal tissue might result if slack 
currents occur for several days. Further, if this scenerio 
occurs frequently, the bed might not recover fully, resulting 
in long term damage. While the staff admits this is unlikely, 
it recommends additional extensive monitoring of the 
San Onofre kelp bed. 

It is the applicants• conclusion that. an asgessment
0

based on 
appropriate ambient bottom temperatures (17 Cor 63 F) derived 
from actual field data, and temperature increages regognizing 
that the thermal plume will be stratified (0.6 C/1.0 F 
maximum) will yield a conclusion that damage to basal tissues 
will not occur, even under worse case conditions. Also, there 
is no evidence to support the use of an assumption that a 
condition of several days of slack current will ever occur, 
or that it would occur frequently. The applicants believe 
that the proper conclusion to be drawn from the relevant data 
is that the operation of San Onofre Units 1, 2 & 3 will have 
no significant adverse effects on the San Onofre kelp bed. 

The greatest adverse effect which could be expected is a 
slight prolongation of the natural summer surface canopy 
deterioration period which does not effect the basal tissues 
or the regeneration of the kelp in the fall. 

Based on the above evaluation, the extensive monitoring 
recommended by the staff is not justified, and monitoring 
presently being accomplished is sufficient to assess potential 
effects of San Onofre Units 1, 2 & 3. Specific comments on 
the monitoring are contained in Comment 6-3. 
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5.4.2.1 Turbidity and Sediment Transport Effects 

Comment 5-2!l 

(page 5-27, paragraph 6) 

The DES is deficient in that it fails to substantiate the 
assertion that larger thermal plumes directly imply larger 
turbid plumes. 

Comment 5-29 

(page 5-2!l, ·paragraph 1) 

The DES states, "The effect on the kelp would potentially 
be decreased photosynthesis, possibly causing many of the 
plants to die if the exposu~e is continuous ta 1$ increase 
in the absorption coefficient has been f9~nd to result in 
a 20% loss in net photosynthesis at 15m) and burial of the 
holdfasts in particles which settle out, inhibiting 
regeneration and recolonization. Regardless of the magnitude 
of these effects, their presence would add to the probability 
that the kelp bed WJuld be adversely affected (seP. preceding 
section)". 

As discussed in Comment 5-24, the plume from SONGS 1, 2 and 
3 will not have continuous contact with the San Onofre kelp 
bed. 

Reductions in photosynthesis from power plant induced 
turbidity has not been demonstrated. The net reduction in 
photosynthesis referred to by Phillips (1974)(Reference (15)J 
, was based on work by North (1958)(Reference (18)). The 
model (computation) was based on a uniform dispersal of light 
absorbtive material throughout the water column. This model 
was designed for the turbidity generated by a sewage outfall. 
For thermal diffusers, there would be an uneven distribution 
of natural turbidity and the equation does not apply. 

Sewage outfalls generate a substantial amount of turbidity 
that is dispersed throughout the water column. A thermal 
outfall does not create turbidity, but rather, can 
occasionally redistribute portions of a naturally occurring 
dense bottom turbid layer to the surface. Therefore, there 
is no net gain in the amount of suspended matter in the .water. 
The major effect is that the turbidity on such occasions can 
be seen on the surface. Further, the turbid plume 
characteristics sometimes experienced at Unit 1 should not 
be applied to Units 2 and 3. 
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A surface plume can be seen at Unit 1 when the surface waters 
are relatively clear and the bottom water is turbid. The 
intake and outfall withdraws and upwells, respectively, 
portions of the bottom turbid layer and pumps it to the 
surface. The bottom turbid layer qualitatively appears to 
be essentially a nearshore phenonemon that is generated from 
wave agitated bottom sediments. Units 2 and 3 outfalls are 
located in deeper and clearer ocean waters, ·although the 
intakes are at a depth comparable with Unit 1. It is 
predicted that on occasions when naturally occurring turbidity 
is present the Units 2 and 3 intakes will withdraw turbid 
bottom water like Unit 1, however, the Units 2 and 3 outfalls 
will be upwelling clearer bottom waters. Additionally, Units 
2 and 3 effluent will be initially diffused through 63 ports 
each and then mixed with the receiving water at an estimated 
ratio of 10:1 (Unit 1 dilution ratio is approximately 3:1). 
Given the situation of clearer water at the outfalls and 
increased mixing of effluent, it is predicted that a turbid 
plume will not normally be detected. 

In terms of effects, Unit 1 can be viewed as potentially 
creating more severe effects than Units 2 and 3, i.e., single 
port outfall and reduced mixing (3:1). The environmental 
evidence indicates that there is no adverse impact on benthic 
faunal or floral groups near the outfall. In fact, results 
from the Environmental Technical Specifications benthic 
program demonstrate that the fauna and flora near the Unit 
1 outfall are more abundant than those from the control 
station (References (8), (9) and (10)~ 

·No relationship has been established between a turbid plume 
and thermal plume. The factors that influence the intensity 
and extent of each constituent are different and may not be 
interrelated. 

The applicants' conclusions are that a turbid plume emanating 
from Units 2 and 3 operation may occur under certain 
oceanographic conditions, however, it should be less intense 
than observed at Unit .1 because (1) of increased mixing of 
the discharge and (2) the diffusers are located in deeper, 
clearer waters. Environ.mental Technical Specifications 
benthos study results show that redistributing a natural 
turbid layer has no adverse effects on faunal and floral 
groups for Unit 1 (References (ti), (9) and (10)). Therefore, 
no adverse effects on faunal or floral biota are predicted. 
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Entrainment 

Comment 5-30 

(page 5-29, paragraph 2) 

The DES states, "The staff's analysis of entrainment effects 
in the FES-CP remains valid (FES-CP, p. 5-7 to 5-12). A 
program on the mortality experienced by entrained 
ichthyoplankton is being planned currently at SONGS 1 and 
is expected to be submitted to the NRC staff in December, 
1978, for approval." 

Refer to (applicants' Comment 6·5). 

Impingement 

Comment 5-31 

(page 5-29, paragraph 4) 

The DES_ states, "The majority of the fish impinged at SONGS 
1 are anchovy, ••• " 

A review of last three years (1975-1977) of ETS in-plant 
impingement monitoring reveals that the Queenfiah, Seriphus 
solitus has been the most predominant species impinged at 
nit 1 in terms of both numbers and weight. 

Entrainment of anchovy has been sporadic and shows occasional 
high numbers entrapped probably reflecting the schooling 
behavior of the species. Early impingement information 
(pre-ETS-1975) indicating high impingement of anchovy may 
have been biased by a combination of sampling frequency and 
these chance occurrences. 

It is recommended that the word anchovy be replaced with 
"Queenfish" to reflect the most r,cent data available. This 
change does not effect the overall assessment result 
indicating no significant effect on recreational or commercial 
fishing resources. 
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Offshore Current Induction 

Comment 5-32 

(page 5-29 paragraph 5) 

The applicants agree that there are no detrimental effects 
of induced circulation on the aquatic environment. However, 
the discussion of the analysis in the DES concerning the 
effects of the induced circulation on the aquatic environment 
should mention that the analysis is based on the diffuser 
design described in Section 3.4 of the ER-OLS and Section 
9.2 of FSAR. 

5.5 RADIOLOGICAL. IMPACTS 

Comment 5~33 

(page 5-33, Table 5.4) 

Table 5.4 of the DES shows calculated annual doses nearly 
a factor of 3 greater than the values provided by the 
applicants in Table 5.2~12 of the Environmental Report -
Operating License Stage (ER-OLS). The doses shown in Table 
5.2-12 of the ER-OLS were calculated using annual average 
meteorology. 

It appears that the staff bas used short term 15th percentile 
meteorology (valid only for purge releases instead ot 
continuous long-term releases) in calculating the doses shown 
in Table 5.4 of the DES. The starr is requested to revise 
the doses consistent with Table 5.2-12 of the ER~OLS. 

Comment 5-34 

(page 5-34, Table 5.6) 

Table 5.6 of the DES shows that the dilution factor used for 
the dispersion of liquid release is 1. However, Section 
5.2.4.3 of the applicants• Environmental Report-Operating 
License Stage (ER-OLS) shows that the dilution factor is 10 
between 0-10 miles and 12.5 between 10-50 miles. The values 
reported by the applicants were derived consistent with 
Regulatory Guide 1.112. 

The staff is requested to revise the values in Table 5.6 of 
the DES to be consistent with the dilution factors shown in 
Section 5.2.4.3 ot the ER-OLS. 
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5.6 SOCIOECONOMIC IMPACTS 

5.6.1 Introduction 

Comment 5-35 

(page 5-40, paragraph 8) 

The second sentence should read: 

"The central portion of Orange County ••• ". 

5.6.5 Impact on recreational resources 

Comment 5-36 

{page 5-44 and 5-45) 

The NRC staff concludes in this section and other sections 
(5.6.5, 9.1, 10.5, and 10.7) of the Draft Environmental 
Statement (DES), that the applicants• current plan to restrict 
the public use of the beach in front of the San Onofre Nuclear 
Generating Station, within the exclusion area, is a 
significant·cost of the project unanticipated·at the issuance 
of the construction permit. Applicants disagree with the 
cQnclusion that there will be any significant loss of 
recreation area. 

Subsequent to the issuance of the Final Environmeptal 
Statement (FES) required for the construction permits of SONGS 
2 and 3, the ASLAB in its initial decision dated December 24, 
1974 (ALAB-248) questioned whether recreational activities 
within portions or the exclusion area should be permitted, 
and the adequacy of the applicants• authority to control 
activities in the exclusion area. By Decision dated April 
25, 1975 (ALAB-268) the ASLAB ruled that the applicants• 
authority to control activities within the exclusion area 
was insufficient ·and remanded the issue for further hearing. 

On October 10, 1975, the applicants submitted Amendment No. 22 
to the PSAR consisting of information conaerning a proposal 
for a reduced exalusion area. ·Amendment No. 22 also provided 
estimates of the number of persons anticipated within the 
proposed reduced exclusion area. Applicants' experts esti­
mated the maximum number or persons within the proposed 
reduced exclusion area would be 31. 
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The NRC Staff evaluated applicants' assessment of potential 
beach use as provided in Amendment No. 22 to the PSAR and 
concluded that applicants' estimates of the maximum number 
of people on the beach or in the water within the proposed 
reduced exclusion area were conservative. 

The ASLAB Memorandum of Order dated January 22, 1976 
(ALAB-308) resolved the issue concerning authority to control 
activities within portions of the new reduced exclusion area 
landward of the mean high tide line in the applicants' favor. 
However, the Board declined to deal with the question 
concerning the tidal beach and remanded this issue to the 
ASLB. 

!he ASLB held hearings on May 19-21, 1976, at which time 
evidence was heard on several issues concerning the tidal 
beach, including the anticipated public use of the beach. 

Applicants' expert witnesses provided testimony regarding 
activities within the beac·h areas in the vicinity or the San 
Onofre Nuclear Generating Station and the projected number 
of persons that would be anticipated within the reduced 
exclusion area. With respect to activities within the beach 
areas, applicants' expert witness indicated that distances 
fro~ parking and beach access points to the area in front 
of the station are such that there will be a low level of 
activity on beaches within the reduced exclusion area as 
compared to other beach areas !n the San Onofre State Beach 
because beach users tend to remain relatively close to their 
point of beach access. With respect to the projected number 
of persons within the reduced exclusion area, the applicants• 
expert witness conservatively assumed the total number of 
persons which could ultimately be accommodated by all park 
facilities developed to their planned ultimate capacity would 
occupy the beach at the same time. Based upon a probabilistic 
distribution of that population , an estimated 35 persons 
would be located within the reduced exclusion area. Further, 
based upon actual observations of persons using the San Onofre 
State Beach, in addition to similar observations on other 
beaches, it was predicted that the average and maximum number 
or people using the beach in front of the station, within 
the exclusion area, would be 7 and 31, respectively. 
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NRC Staff supported the applicants' contentions and indicated 
in both written and oral testimony that the area directly 
in front of the plant was the least desirable both from an 
aesthetic point of view and for swimming, surfing or 
sunbathing, and also indicated that when one is laden with 
beach blankets and other recreational gear, migration up or 
down the beach would be discouraged, therefore, beach users 
would congregate relatively close to the paths up the bluffs 
of the San Onofre State Beach. 

ASLB Order dated January 6, 1977, ordered applicant to provide 
all data collected since March 14, 1976, reflecting the actual 
daily count of persons using the beach within the applicants' 
exclusion area, including the tidal beach. Oral Arguments 
were held on February 1, 1977, during which the applicants• 
provided an analysis of the daily counts previously submitted 
to the ASLB. That analysis showed less than 10 persons were 
observed on the beach in the exclusion area for approximately 
57.6 percent of the time, and that, on the average, only 12 
to 15 percent of the total number ot people observed in the 
study area (area in front of the station and adjacent areas 
1/4 mile north and 1/4 mile south) were in the exclusion area. 
There ·Was a peak number of 108 persons observed in the 
exclusion area, however, the 108 persons (40 percent 
stationary, 19 percent in transit, 20 percent swimming, and 
21 percent surfing) represent about 36 percent of the total 
number observed in the study area. ·It should be noted that 
the administrative features proposed in Amendment 22 will 
only effect stationary persons within the exclusion area. 
Transit through the exclusion area as well as activities below 
the mean high tide line such as, swimming, fishing and surfing 
will remain unrestricted. 

The ASLB Initial Decision dated May 20, 1977, ruled in the 
applicants• favor ordering that the Construction Permits shall 
be continued in effect. 

Given the following facts that: 

1. The conclusions drawn by the NRC staff in the DES appear 
to be based upon the Final Environmental Statement 
Construction Permit Stage. 
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2. The ASLAB and ASLB have give·n detailed consideration, 
in hearings, regarding usage of the beach in front of 
the San Onofre Nuclear Generating Station within the 
exclusion area. 

3. The applicants provided expert testimony supporting the 
fact that the beach in front of the station was the least 
desirable from the standpoint of aesthetics for swimming, 
surfing or·sunbathing and does not receive significant 
usage and that people tended to congregate near the paths 
of the state beach away from the exclusion area. 

4. The staff supported the applicants' contention regarding 
minimal beach usage and undesirability of the beach in 
front of the station. 

In view of the above, the appropriate sections of the DES 
should be revised to conclude that limiting the use of the 
beach within the exclusion area boundary and above the mean 
high tide line to a passage way does not represent a 
significant loss of recreational space. 
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b. ENVIRONMENTAL MONITORING 

6.2 PREOPERATIONAL MONTIORING PROGRAM 

Comment b-1 

(page 6-2, Fig. 6.1) 

The legend is in error, the triangle symbol ~hould represent 
DO, pH and Heavy Metals. The square symbol should represent 
continuous temperature. 

6.2.1.5 Intertidal Organisms 

Comment 6-2 

(page 6-3, paragraph 5 and 6) 

The monitoring described in the first paragraph was a 
requirement for Unit 1 which was deleted in September, 1977, 
because no effects had been detected. Although this study 
has been deleted as a requirement, SCE has continued an 
intertidal study program somewhat reduced in scope. The 
applicants contend continued conduct of this present cobble 
intertidal sampling program as described below will meet the 
objectives outlined in the second paragraph of Section 6.2.1.5 
of the DES. 

The applicants recommend replacing the existing paragrpah 
with the following paragraph: 

"Although not a required component of the monitoring programs, 
quarterly observations are made along cobble intertidal 
transects at four monitoring stations and one control 
station. Predominant macroscopic species and substrate 
composition are2identified2and enumerated within three 
permanent 0.25m (2.69-ft. J quadrats along a line 
perpendicular to the beach. Photograph~ are also taken or 
each quadrat for a permanent record of ecological changes." 
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o.2.1.b Reguirements 

Comment 6-3 

(page 6-3, requirement 2) 

The staff requires extensive monitoring of the San Onofre 
kelp bed based on prediction~ made in Section 5.~.2.1. 

Kelp inve~tigations are currently in progress with the 
Construction Monitoring Program, which is a special study 
of the Preoperational Monitoring Program. Detailed methods 
are outlined in Reference (11). A brief outline of the scope 
of effort, at all three San Onofre region beds, is a~ follows: 

1. Three benthic station~ are located in and about the 
San Onofre kelp bed and one each at Barn kelp and San Mateo 
kelp. Stations are quantatively asse~sed quarterly. 

2. Kelp canopies and rock sub~trate are mapped for areal 
extent on a quarterly basis. 

3. Water nutrient analysis for ammonia, nitrates, nitrites 
and phosphate taken monthly at all three beds. Water 
samples are taken for the surface and bottom from within 
each bed and offshore of each bed. An additional offshore 
station serves as a monitoring area for upwelling. 

4. Kelp tissue analysis for nutrient content is conducted 
on a monthly basis at all three kelp beds. Each leaf is 
analyzed for nitrogen content. 

5. Assessments of the health of kelp plants in the San Onofre 
region beds are made on a quarterly basi~. Parameters 
assessed include: success of juvenile recruitment, density 
of kelp plants, amount of encrusting organisms and grazing 
by herbivores and abundance of senile and diseased plants. 

Based upon the applicants' extensive comments dealing with 
the predicted impact of the San Onofre thermal plume on the 
San Onofre kelp bed, the applicants contend that requirement 
number 2 in Section 6.2.1.b is unwarranted and should be. 
deleted. 
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o.3.1 

6.3.3 

6.3.3 

6.3.5 

Water quality monitoring program 

Comment 6-li 

(page 6-6) 

The entire section is in error and should be deleted. The 
program that the staff discusses in the DES is actually a 
197o draft of the applicants• proposed preoperational 
oceanographic program. An operational program for San Onofre 
2 and 3 has not yet been established. 

Aouatic biological monitoring 

Comment 6-5 

(page 6-7, paragraph 2) 

This paragraph states, "The applicant intends to forward a 
description of the study with a schedule for completion to 
NRC by December, 1978, (see ER, Suppl._ 1, p. S1-31L" 

In keeping with efforts to avoid duplication and utilize the 
316(b) study results, the study plan submittal to the NRC 
will be made after the completion of the methods development 
phase of 316(b). We presently anticipate that the 316(b) 
method development phase will be completed in early 1979, 
and, therefore, the study plan should be submitted to the 
NRC by mid-1979. 

Aquatic biological monitoring, and 

Requirements for Environmental Technical Specifications 

Comment 6-6 

(page 6-6 and 6-7) 

The DES states in Section 6.3.3, paragraph 2 and in 
requirement number 3, Section 6.3.5, that n ••• the 
icbtbyoplankton study now being conducted and the required 
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kelp preoperational program should be continued during 
operation of the facility until such time as it is possible 
to state credibly that no significant impacts result from 
the facility." 

The ichthyoplankton study being conducted is a one year 
program to provide a baseline for comparison with the 
operational ichthyoplankton study which is also envisioned 
to be a one year program. Further, as stated in applicants• 
Comment 6-11, the required kelp preoperational program is 
considered to be unwarranted and the requirement should be 
deleted. 
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8. NEED FOR THE STATION 

8.2 APPLICANT'S SERVICE AREAS AND REGIONAL RELATIONSHIPS 

8.2.1 Apolicant's service areas 

Comment 8-1 

(page 8-1, paragraph 2) 

The reference number used in the discussion appears to be 
incorrect. 

8.3 BENEFITS OF STATION OPERATION 

8.3.1 Minimization of production costs 

Comment 8-2 

(page B-3, Table 8.1) 

Table 8.1 was derived from the applicants' ER-OLS, Table 
1.1-3 and page S.2-188. However, the data found on ER-OLS 
Table 1.1-3 is not the most current for 1976 and will be 
updated in a future amendment to the ER-OLS. The applicants 
have revised Table 8.1 of the DES to reflect changes in data 
as reported to the Federal Power Commision on Form 1, Annual 
Operating Report for Southern California Edison Company for 
the year ending December 31, 1976. 
(Revised Table 8.1 (Attachment X)) 

8.3.2 Energy demand 

Comment 8-3 

(page B-4, paragraph 2) 

The discussion on the overestimation of peak demands in the 
1973 forecast should also mention load management programs. 
The applicants suggest the.last sentence be rewritten as 
follows: 

"These peak demands were overestimated because th~ 
1973 forecast did not foresee the Arab oil embargo, 
the following period of economic recession, the 
nationwide effort to promote energy conservation, 
and load management." 
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Comment 8-4 

(page 8-4, paragraph 3 and Table 8.3) 

The staff's evaluation is based on the 1976 forecast data 
provided by the appli£ants in their ER-OLS. The data found 
on ER-OLS Table 1.4-1 is based on an early 1976 forecast 
and does not reflect the revised forecast (July 23, 1976) b 
data found on ER-OLS Table 1.1-1. SCE has revised Table 8.3 
of the DES based on ER-OLS Table 1.1-1 and their revised 1976 
forecast. The last line in the second paragraph has been 
changed by the applicants to be consistent with the revised 
data and reads as follows: 

"SCE's revised 197b forecast shows a oeak demand 
growth rate of 3.9~ from 1976 to 1985~ and energy 
requirements are expected to experience a growth 
rate of ~.3~ in the same period." 

a. ER-OLS Table 1.4-1 will be revised in a future amendment 
to the ER-OLS. 

b. Revised Table 8. 3 (Attachment Y). 

Comment 8-5 

(page 8-5) 

The discussion of the three forecasts that states, "their 
projections do not reflect non-price-induced conserva-
tion ••• ," this does not consider current SCE forecast 
methodology. Non-price-induced standards were incorporated 
into SCE's peak demand forecasts, e.g., the peak demand for 
1985 includes a 2.~~ reduction due to load management and 
the "weather sensitive demand" for 1985 was reduced 29~ 
because of building insulation and air conditioning effi­
ciency standards (Reference 19 and 20). Therefore, the 
discussion on page 8-5, specifically paragraphs 1, 3 and 
4 should be modified. 
(see Attachments Q and Rl 
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10, BENEFIT-COST SUMMARY 

10.2 BENEFITS 

Comment 10-1 

(page 10-1, paragraph 2, and page 10-2,. Table 10.1) 

The net power output for each unit is estimated to be in the 
range of 1052 to 110b MWe (see Comment A-1 for discussion). 
The regional generating capacity will be increased 2104 
to 2212 MWe with the addition of Units 2 and 3. The 
discussion on the primary benefit and Table 10.1 should be 
revised to reflect the estimated net power output. 

10.1 SUMMARY OF BENEFIT-COST 

CoDUIIent 10-2 

(page 10-3, item (2)) 

The flpossible destruction of at least a portion of the San 
Onofre Kelp Bed during summer months by the heated water 
dischargefl is listed as an additional environmental cost. 
Because this cost is based on an assessment performed by the 
staff using disputed data, the applicants request that this 
cost be deleted if the reassessment of Section 5.4.2.1 Effects 
of the heat dissipation system warrants such a change. -------
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~ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION IX 

216 Fremont Street 
San Francisco. Cs. 941 06 

Project t D-NRC-K06002-CA 

William H. Regan, Jr., Chief 
Environmental Projects, Branch 2 
Division of Site Safety & Environmental 

Analysis 
u.s. Nuclear Regulatory Commission 
washington, D.c. 20555 

Dear Mr. Regan: FEB 131979 

the SAN 
3, sotiTHERN 

TRIC 

EPA's comments on the draft environmental statement have 
been classified as Category ER-2. Definitions of the 
categories are provided on tne-inclosure. The 
classification and the date of EPA's comments will be 
published in the Federal Register in accordance with our 
responsibility to Inform the public of our views on 
proposed Federal actions under Section 309 of the Clean 
Air Act. our procedure is to categorize our comments on 
both the environmental consequence of the proposed action 
and the adequacy of the environmental statement. 

EPA appreciates the opportunity to comment on this draft 
environmental statement and requests three copies of the 
final environmental statement when available. 

If you have any questions regarding our comments, please 
contact Betty Jankus, EIS Coordinator, at (415)556-6695. 

Sincerely, 

<a. .• :l.cd"f'( ~~ 

~Paul De Falco, Jr. ib Regional Administrator 

Enclosure 

Water Quality Comments 

1. In Section 5.3.1.1., some assessment is made of the 
effects of the discharge of heated cooling water on 
the receiving coastal waters with regards to the 
California State thermal standards. When evaluating 
thermal discharge, all effects of Units 2 and 3 should 
be considered in conjunction with the effects of 
Unit 1. The natural background is a situation where 
none of the three units is operating. The natural 
receiving water temperature as defined by California 
Thermal Plan (see next paragraph) is •the temperature 
of the receiving water at locations, depths, and times 
which represent conditions unaffected by any elevated 
temperature waste discharge•. Unless Units 2 and 3 
are not planned to operate concurrently with Unit l, 
their effects will occur in concert. All modeling, 
graphs, and maps produced from models should include 
Unit l effects when evaluating SONGS' effects on the 
receiving water temperature. 

Under Section 316(a) of the Federal water Pollution 
control Act of 1972 (FWPCA) and under the water 
Quality Control Plan for Control of Temperature in the 
coastal and Interstate Waters and Enclosed Bays and 
Estuaries of California (1975 Thermal Plan} (EPA 
approved State water quality standards), there are 
several criteria which discharges to coastal waters 
must fulfill. These should be addressed in any EIS on 
operating a new coastal.discharge of elevated 
temperature wastes. These are as follows: 

a. In part 3.B.(3.) of the Thermal Plan, it is 
stated that •the maximum temperature of thermal 
waste discharges shall not exceed the natural 
temperature of receiving waters by more than 
2o•r.• Part 3.2.2. of the DBIS states that the 
cooling water •experiences an ll.l°C (20°F) 
temperature rise across the condenser.• Since 
the waters in the vicinity of the intakes for 
Units 2.and 3 are close to the discharge 
structures for these units, it is possible that 
these intake waters are already heated beyond 
their natural temPerature. SOme evaluation of 
this effect must be included in the FBIS. The 
influence of the heated discharge from Unit 1 
must also be described. In addition, the intake 
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b. 

c. 

d. 

and discharge facilities and their depths and bow 
temperature stratification profiles relate to the 
20°F requirement should be discussed. 

In Part 3.B.(4) of the Thermal Plan, it is stated 
that "the discharge of elevated temperature 
wastes shall not result in increases in the 
natural water temperature exceeding 4°P at (a) 
the shoreline, (b) the surface of any ocean 
substrate, or (c) the ocean surface beyond 1,000 
feet from the discharge system. The surface 
temperature limitation shall be maintained at 
least 50 percent of the duration of any complete 
tidal cycle.• Figure 5.3 of the DEIS represents 
projected incremental increases above natural 
surface temperatures for the study area. This 
figure should be changed in the FEIS to include 
the Unit 1 intake and discharge structures and 
the increase of surface temperatures already 
caused by Unit l discharges in conjunction with 
those of Units 2 and 3 so as to compare the 
increases with the true natural surface water 
temperature. 

In addition, the FEIS should document the 
estimate (Section 5.3.1.2) of the increase in 
temperatures at the surface of the ocean 
substrate around the discharges. This estimate 
indicates that wvioiations of the state thermal 
standards are unlikely.• Again, such estimates 
should compare natural temperatures to the 
combined effects of Units 1, 2, and 3. These 
temperatures are of special concern because of 
the importance of low basal temperatures to 
maintaining the nearby kelp bed. 

Finally, lhe Thermal Plan and Section 316(a) of 
the FWPCA assert ·the need to "assure the 
protection and propagation of a balanced, 
indigenous population of shellfish, fish, and 
wildlife in and on the body of water into which 
the discharge is to be made". In Section 5.4.2.1 
of the DEIS, biological/ecological evaluations 
refer to the effects of the discharges on various 
types of organisms, indicating the effects to be 
minimal and acceptable. For plankton, the 
effects will be »species composition changes" and 
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•greater respiration rates", also, "significant 
effects should be localized". For fish, the 
effects will be mainly "shifts in the types of 
species (and their numbers) which inhabit the 
area•. For benthic fauna, adverse effects may be 
expected if •weekly mean temperatures of 22"C 
prevail for one month or more or where daily 
temperatures reach or exceed 24°C. It is not, 
however, anticipated that temperatures averaging 
22"C will occur for more than 2 to 3 weeks or 
that the area experiencing temperatures of 24°C 
or greater as a result of SONGS operation will be 
considerably larger than the area experiencing 
these temperatures under natural conditions". 
For kelp, the information •suggests that tbe 
thermal discharges from SONGS 1, 2 and 3 may 
result in the destruction of at least a portion 
of the San Onofre Kelp Bed during the summer 
months~. All of these statements indicate that 
the indigenous populations will be altered, 
giving no specific documentation that these 
effects will be minimal or acceptable. A 
detailed evaluation of how the aquatic ecosystem 
will be affected, over what area each species or 
type of fauna may be influenced, and what 
constitutes a significant adverse effect should 
be made and presented clearly in the FEIS. 

2. Section 5.4.2.1. Thermal Effects, mentions a final 
report due on December 29, 1978. This study, provided 
for under the Thermal Plan and Section 316(a) of the 
FWPCA, is to be used in evaluating the heat-treatment 
process which is used to clear the intake facilities 
of biological growth. EPA considers this study to be 
an integral part of the assessment of the 
environmental effects of the thermal discharges from 
the Units. As such, it must be distributed, along 
with biological and water quality assessments and 
conclusions (perhaps in the form of a supplement to 
the DEIS) to all recipients of this OEIS, with the 
allowance of a comment period prior to incorporation 
in the Final EIS. 
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3. Section 5.4.2,2 includes a discussion of the potential 
effects of chlorine discharges. The discussion 
evaluated potential •significant impacts• of the 
periodic 15-minute chlorine dosing period. The FEIS 
should include a comparison of effluent concentrations 
with the State Standards contained in the Water 
Quality Control Plan for the Ocean Waters of 
California (1978 Ocean Plan), Table Band Footnote 11, 
should appear in the EIS. Should the comparison 
predict that the discharges exceed the requirements, 
the plans to lower the discharge concentration to 
agree with the State Standards must be described in 
the FEIS. 

4. No assessment appears in the DEIS of the potential 
seismic effects of nearby faults on the units, 
although there is a fault within a mile of the plant 
(the Christianitos Fault and others in the vicinity). 
The FEIS should address the potential of seismic 
events and the resultant damage from fault movement, 
with particular emphasis on the water quality and 
off-site radiological contamination. 
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Radiological Comments 

Beach Regulation 

This DEIS gives little information on the anticipated 
beach population. The presence of thousands of daytime 
beach users and hundreds of overnight campers within 1.5 
miles from the reactors has significant security, 
emergency planning, and radiation dose implications. 
Consequently, we believe this issue warrants a thorough 
discussion in the Final EIS so that those reviewers who 
will not read the Environmental Review and Emergency Plan 
will be aware of this situation and have an opportunity to 
evaluate it. 

We agree with the decision to restrict usage of the beach 
in front of the reactors since it will simplify the 
security and emergency planning problems and will reduce 
the radiation doses to the population from routine 
release. However, the practical effectiveness of this 
restriction should be addressed in the FEIS (e.g., is the 
prohibition against restricting the area seaward of mean 
high water, coupled with permitting viewing and pedestrian 
passage going to make enforcement difficult?). 

It would be helpful to briefly mention the Emergency 
Response Plan that is in effect for the Nuclear Station 
and relate it to the transient population. 

As mentioned under the Dose Commitment section, it is not 
clear whether beach users and Visitor Center users are 
included in the individual and population dose 
calculations. 

Environmental Dose Commitments 

Page 5-31-34 of the DEIS: 

The estimated maximum individual dose and the population 
dose were independently checked by EPA with results 
similar to those presented in the DEIS. However, we do 
have several questions about assumptions used in the DEIS 
calculations. The FEIS should clarify the following items: 
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l. The manner in which the individual and population 
dose to users of the beach is calculated is unclear. 
For example, what allowance is made for direct 
radiation doses, especially to those using the walkway 
between-the south and north beaches, and to those at 
the Visitors Center? Do the individual and population 
doses include these users of the beach and the 
Visitors Center and, if so, what assumptions were made 
on. hours of exposure, shielding factors, etc.? Also, 
it would be helpful if the habits of "a maximum 
individual" were described so it could be determined 
to what extent these various pathway dosages are 
additive. 

2. The actual maximum individual dose from present 
operation of Unit 1 should be described. This dose 
should be added to those being projected for Units 2 
and 3 (from all pathways). This, in turn, should be 
compared with the 25 millirem per year limit (75 
millirem per year to the thyroid) of the Uranium Fuel 
Cycle Standard (40 CFR 190). 

EPA is encouraged that the NRC is now calculating annual 
population dose commitments to the u.s. population, which 
is a partial evaluation of the total potential 
environmental dose commitments (EDC) of H-3, Kr-85, C-141 
iodines and "particulates.• This is a big step toward 
evaluating the EDC which EPA has urged for several years. 
However, it should be recognized that several of these 
radionuclides (particularly C-14 and Kr-85) will 
contribute to long-term population dose impacts on a 
world-wide basis, rather than just in the u.s. To the 
extent that the draft statement (1) has limited the EDC to 
the annual discharge of these radionuclides, (2) is based 
on the assumption of a population of constant size, and 
(3) assesses the doses during SO years only following each 
release, it does not fully provide the total environmental 
impact. Assessmenf of the total impact would (1) 
incorporate the projected releases over the lifetime ot 
the facility (rather than just the annual release), (2) 
extend to several half-lives or 100 years beyond the 
period of release, and (3) consider, at least 
qualitatively or generically, the world-wide influences on 
the total environmental impact or specify the limitations 
of the model used. 
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Environmental Monitoring 

The pre-operational and operational radiological 
environmental monitoring program (as described in Section 
6.1.5 of the Environmental Report) appears adequate with 
the following exceptions which the FEIS should address: 

1. A delay of 8 days before analyzing charcoal filter air 
samples would permit over 99% of the Iodine-133 and 
50% of the Iodine-131 to decay before being counted. 
The decay would be much greater for contamination 
occurring at the beginning of the 7-day sampling 
period. The maximum time before analyzing filters 
should be shortened significantly in order to detect 
as many incidences of sporadic contami"nation as 
possible. 

2. It is not clear why a minimum of only ten 7-day air 
particulate samples are required per quarter. The 
intent should be to monitor all 13 weeks in a 
quarter. 

3. No TLD stations are indicated for the walkway along 
the seawall or the mean high water exclusion area in 
front of the reactors. It would be desirable to 
include TLD's at these locations to monitor the direct 
radiation at a site boundary where the public has 
access. 

Reactor Accidents 

The EPA has examined the NRC's analyses of accidents and 
their potential risks. The analyses were developed by NRC 
in the course of its engineering evaluation of reactor 
safety in the design of nuclear plants. Since these 
issues are common to all nuclear plants of a given type, 
EPA accepts NRC's generic approach to accident evaluation 
in the DEIS. However, the NRC is expected to continue to 
ensure safety through plant design and accident analyses 
during the licensing process on a case-by-case basis. 

In 1972, the AEC initiated an effort to examine reactor 
safety and the resultant environmental consequences and 
risks on a more quantitative basis. The final report of 
this effort was issued in October 1975 by the u.s. Nuclear 
Regulatory Commission as the Reactor Safety Study, 
WASH-1400 (NUREG-75/014). The EPA's review of this study 
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included in-house and contractual efforts, and our 
comments were released in a report in June, 1976. In 
subsequent discussion with _NRC we determined that of the 
concerns we expressed, those having the most significance 
with regard to the results of the study were on (1) the 
latent cancer health effects and (2) the probability of 
BWR scram failure where we differed by factors of four and' 
a maximum of ten, respectively. We believe that the 
methodology of the Reactor Safety Study should continue to 
be used as a tool in the evaluation of nuclear systems 
that vary from the models chosen for the study, and that a 
generic analysis should be made of the acceptability of 
the present risks and the necessity for increased levels 
of safety. 

High-Level waste Management 

The techniques and procedures used to manage high-level 
radioactive wastes will have an impact on the 
environment. To a certain extent, these impacts can be 
directly related to the individual projects because the 
spent fuel from each new facility will contribute to the 
total waste. The AEC, on September 10, 1974, issued for 
comment a draft statement entitled "The Management of 
Commercial High-Level and Transuranium-Contaminated 
Radioactive waste" (WASH-1539). In this regard, EPA 
provided extensive comments on WASH-1539 on November 21, 
1974. Our major criticism was that the draft statement 
lacked a program for arriving at a satisfactory method of 
"ultimate• high-level waste disposal. At present, DOE is 
preparing a new draft statment which will discuss waste 
management and emphasize ultimate disposal in a more 
comprehensive manner. EPA concurs with this decision and 
will review and comment on the new draft statement 
replacing the September 10, 1974 version when it is 
available. 

EPA is cooperating with both NRC and DOE to develop an 
environmentally acceptable program for radioactive waste 
management. In this regard, on November 15, 1978, EPA 
issued proposed environmental radiation protection 
criteria (43 FR 53262) for the management of all 
radioactive waste and will propose environmental radiation 
protection standards for high-level waste in 1979. 

-s-

Transportation 

In its earlier reviews of the environmental impacts of 
transportation of radioactive material, EPA agreed with 
AEC that many aspects of this program could best be 
treated on a generic basis. The NRC has codified this 
generic approach (40 PR 1005) _by adding a table to its 
regulations (10 CPR Part 51) which summarizes the 
environmental impacts resulting from the routine 
transportation of radioactive materials to and from 
light-water reactors. These regulations permit the use of 
the impact values listed in the table in lieu of assessing 
the transportation impact for individual reactor licensing 
actions if certain conditions are met. Since San Onofre 
appears to meet these conditions and since EPA agrees that 
the routine transportation impact values in the table are 
reasonable, the generic approach appears adequate for this 
plant. 

The impact value for routine transportation of radioactive 
materials has been set at a level which covers 90·percent 
of the reactors currently operating or under 
construction. However, the basis for the impact, or risk, 
of transportation accidents is not as clearly defined. At 
present, EPA, DOE, and NRC are each attempting to more 
fully assess the radiological impact of transportation 
risks. The EPA will make known its views on any 
environmentally unacceptable conditions related to 
transportation. On the basis of present information, EPA 
believes there are no unique characteristics of the San 
Onofre site which would result in greater accident risks 
than from the "typical" site being studied generically. 

Fuel Cycle and Long-Term Dose Assessments 

EPA is responsible for establishing generally applicable 
environmental radiation protection standards to limit 
unnecessary radiation exposures and radioactive materials 
in the general environment resulting from normal 
operations that are part of the total uranium fuel cycle 
as well as those of the facilities. The EPA has concluded 
(in 40 CPR 90) that environmental radiation standards for 
nuclear power industry operations should take into account 
the total radiation dose to the population, the maximum 
individual dose, the risk of health effects attributable 
to these doses (including the future risks arising from 
the release of long-lived radionuclides to the 
environment), and the effectiveness and costs of effluent 
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control technology. EPA's Uranium Fuel Cycle Standards 
are expressed in terms of dose limits to individual 
members of the general public and limits on quantities of 
certain long-lived radioactive materials released to the 
general environment. 

A document entitled "Environmental Survey of the Uranium 
Fuel Cycle" (WASH-1248) was issued by the AEC in 
conjunction with a regulation (10 CFR 50, Appendix D) for 
application in completing the cost-benefit analysis for 
individual light-water reactor environmental reviews (39 
FR 14188). This document is used by NRC in draft 
environmental statements to assess the incremental 
environmental impacts that can be attributed to fuel cycle 
components which support nuclear power plants. 

Recently, the NRC decided to update the WASH-1248 survey. 
We believe this is a prudent step and commend the NRC on 
initiating this update. In providing comments to the NRC 
on this subject, dated November 14, 1978, we encouraged 
NRC to express environmental impacts in terms of potential 
consequences to human health, since for radioactive 
materials and ionizing radiation the most important 
impacts are those ultimately affecting human health. We 
believe the presentation of environmental impact in terms 
of human health impact fosters a better understanding of 
the radiation protection afforded the public. 

A second major concern of EPA deals with the discharge and 
dispersal of long-lived radionuclides into the general 
environment. In the areas addressed in WASB-1248, there 
are several cases in which radioactive materials of long 
persistence are released into the environment. The 
resulting consequences may extend over many generations 
and constitute irreversible public health commitments. 
This long-term potential impact should be considered in 
any assessment on health impact. EPA has consistently 
found inadequate the NRC's estimates of population doses 
for these persistent radioactive materials. In 
particular, the NRC has generally limited their analysis 
to the population within 50 miles of a facility or, in 
rare cases, to the u.s. population, and to doses committed 
for a 50-year period by an annual release. These 
limitations produce incomplete estimates of environmental 
impacts and underestimate the impact in some cases, such 
as from releases of tritium, Krypton-85, Carbon-14, 
Technetium-99, and Iodine-129. The total impact of these 
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persistent radionuclides should be assessed, qualifying 
such estimates as appropriate to reflect the large 
uncertainties. In this regard, we note that NEA is 
addressing this approach in making assessments and that 
NRC is represented in this effort. 

Another major consideration in updating WASB-1248 is the 
health impact from Radon-222 from the uranium mining and 
milling industry. Estimates made by EPA, among others, 
indicate that Radon-222 contributes the greatest fraction 
of the total health impact from nuclear power generation. 
In preparing an updated WASH-1248, we believe NRC should: 

1. include the Radon-222 contribution from both the 
uranium mining and milling industries; 

2. determine the health impact to larger populations, not 
only the local populations; 

3. recognize the persistent nature of the Radon-222 
precursors {Th-230 and Ra-226) by estimating the 
health impact for a period reflecting multi-generation 
times. 

Decommissioning 

The NRC has published a proposed rulemaking on 
Decommissioning Criteria for Nuclear Facilities in the 
Federal Register on March 13., 1978. EPA comments were 
sent to NRC on July 5, 1978, dealing with the 
decommissioning issue. 

In summary, we believe that one of the most important 
issues in the decommissioning of nuclear facilities is the 
development of standards for radiation exposure limits for 
materials, facilities, and sites to be released for 
unrestricted use. We have included the development of 
such standards among our planned projects. The work will 
require a thorough study to provide necessary information, 
including a cost-effectiveness analysis for various levels 
of decontamination. 

The development of standards for decommissioning must, of 
course, include consideration of the many concurrent 
activities in radioactive waste management and 
radiological protection. EPA has developed proposed 
Criteria for Radioactive Waste for management of all 
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radioactive wastes which.will provide guidance for 
decommissioning standards. From the decommissioning view, 
probably the most important criterion is that limiting 
reliance on institutional controls (guards and fences) to 
a finite period. EPA believes that the use of 
institutional control to protect the public from retired 
nuclear facilities until they can be decontaminated and · 
decommissioned should be limited at the most to 100 years 
and preferably less than so years. This includes nuclear 
reactors shut down and mothballed or entombed for a period 
of time under protective storage. After the allowable 
institutional care period is over, the site will have to 
meet radioactive protection levels established for release 
for unrestricted use. We believe EPA's proposed criteria 
would be directly applicable, as above, to decommissioning 
of nuclear facilities and should be given serious 
consideration by the Nuclear Regulatory Commission (NRC). 

The availability of adequate funds when the time to 
decommission arrives is also most important; it should be 
the responsibility of the NRC to assure that such 
provisions are made. We recognize the great complexity of 
providing funds at construction for decommission in 40 
years. However, if it can be determined that the total 
cost of decommissioning in current dollars is a very small 
fraction of initial capital costs, provision of escrow 
funding may not be necessary. Therefore, we urge the NRC 
to conduct the necessary studies and assessments to 
determine unequivocally costs of decommissioning and to 
compare such costs to initial capital costs. It is only 
through a definitive.analysis, and perhaps through 
realistic demonstrations, that this issue can be 
resolved. 

-12-

EIS CATEGOR! CODES 

Environmental rmpact of the Action 

to--Lack of Objections 

EPA has no objection to the proposed action as described in the draft 
impact atatement1 or suggests only mtnor changes in the proposed action. 

ER--Environmental Reservations 

EPA has reservations concerning the environmental effects of certain 
aspects of the proposed action. EPA believes that further study of 
suggested alternatives or modifications is required and has asked the 
originating Federal agency to reassess these aspects. 

ZU.-Environmentally Unsatisfactory 

!PA believes that the proposed aCtion is unsatisfactory because of its 
potentially harmful effect on the environment. Furthermore, the Agency 
believes that the potential safeguards which might be utilized may not 
adequately protect the environment from hazards arising from this action. 
The Agency re~nds that alternatives to the action be analyzed further 
{including the possibility of no action at all). 

Adequacy of the Impact Statement 

Category 1--Adequate 

The draft impact statement adequately sets forth the environmental 
impact of the proposed project or action as well as alternatives rea­
sonably available to the project or action. 

category 2--Insufficient Information 

EPA believes that the draft impact statement does not contain suffi­
cient information to assess fully the environmental impact of the pro­
posed project or action. However, from the information submitted, the 
Agency is able to make a preliminary determination of the impact on 
the environment. EPA has requested that the originator provide the 
information that was not included in the draft statement. 

category 3--Inadequate 

EPA believes that the draft impact statement does not adequately assess 
the environmental impact of the proposed project or action, or that the 
statement inadequately analyzes reasonably available alternatives. The 
Agency has requested more information and analysis concerning the poten­
tial environmental hazards and has asked that substantial revision be 
made to the impact statement. 

If a draft impact statement is assigned a Cate9ory 3, no rating will be 
made of the project or action, since a basis does not generally exist on 
which to make such a determination. 
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Mard.ll I. Lewis 
6504 Bradford Terrace 
Phila. PA 19H9 
;-6-79. 

Director, Divieioa of Site Safety EATironmeatal Analysis 
Office of nuclear Reactor Rogdation 
USNRC 
Waskiagton. /d.C. 20555 
Sir: · 
BUREG 0490 does a lot of things , but it does not 1a aay way justify 
tho operation of the Saa onofre Nuclear Generating Station. 

Although the NUREG does proTide a lot of good in!ermatien, thia 
iatermation actually contradicts the usefulness of the SONGS, Sa n 
Onofre Nuclear Generating Statioa. For instance, the growth rate 
in Table 2.2 ,Pace 2-2, is ;.5 ~ or less fer the period 1976 to 
1990. The ~owth rate in Table a.; and 8.4 on Pacea %t 8-4and 8-5 
is dDse to 5~ for the same perioa. Inotherwords , the growth ratea 
in Tarious parts of tao report are •selected • to provide justi!icatio• 
for whatever the writer wishes to r.s~ify 1~ &~f Ji»fiX particular 
p~t of the report •. This technique is called '!icti~. 

In Appendix D-2; Page 2.5 Seismology is dismissed in a few paragraphs. 
Considering the recent and continuing at. seismic discoveries at 
tho Hosgri fault at Diablo Canyon (which is in a similar -in fact 
aame- gelological domain), passing ott seismology this cavtlierly 
t. is indefensible. 

Page 5-37. First you state in a Table that the Commissioner has 
directed that Radon 222 will be reconsidered elsew8ere; then, 
the Staff includes Radon 222 in this Nureg in a convoluted and 
artificial manner which does not in any way investigate or acknowledge 
Radon 222's full period o! toaicity as required by NEPA. 

Page 5~)9 Tailings are not required to be stabilized forever, and 
even if-it~ were required , tereTer stabilization ie a God 
like requiremen»f whick may be impossible to mortal men~. 

Jhapter 7. This is based entirely on the Rasmussen Wash 1400 • 
Commisssionor Kennedy has already stated on October lG, 1978, 
"It ( Rasmussen Report) found some deticiendieo which ouggeet that 
the absolute values of the riske presented in the Study should 
not be used uncritically either i~ the regulatory process 
or tor public policy purposes." 

The DES !or operation of SONGS proves unequivooally ~hat thia 
nuclear power plant is unnecessary and dangerous. ~is is despite 
the Stall evaluation which ignores all important negative effects. 

DO NOT LICENSE THIS NUCLEAR POWER PLANT TO OPERATE A' 

OF HUMAN LIVES. 

Marvin I. Lowi8 ~' 

.J. H. CRAt<E 

Southern California Edison Company 

""'o. aox eoo 

U. .... WALNUT GA:OVE AVENUE 

AOSEM£.A.D, CALIF'OI'tNIA G'f770 

see 

April 6, 1979 
Tt:t..J:,.HON£ 

Ati3·'S72·U06 

Director, Office of Nuclear Reactor Regulation 
Attn: Wm. H, Regan, Jr., Chief 

Environmental Projects Branch 2 
Division of Site Safety and 

Environmental Analysis 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Gentlemen: 

Subject: San Onofre Nuclear Generating Station 
Units 2 and 3 
Docket Nos. 50-361 and 50-362 

Mr. Oliver Lynch, Jr., of the NRC staff called on March 27, 
1979, to request clarification of Applicants' Comment 6-4 to 
the Draft Environmental Statement for S~n Onofre Nuclear 
Generating Station, Units 2 and 3. Applicants' Comment 6-4 
was submitted with other comments by letter to you dated 
February 2, 1979. 

In response to Mr. Lynch's request, a revised Comment o-4 is 
enclosed for your information. If you have additional comments 
regarding this comment, please contact me. 

Enclosure 
,:f??.JJ; 
i/ 

790424 0 '3 '? q c_~\1 
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~ 

Water Ouality Monitorinv Pro~ram 
Comm~nt 6-4 (Revised April 6, 1979) 
{Page 6-6) 

The first five para~raohs of this section of the DES describe 
a proposed operational monitoring program which was presented 
in the ER-OLS (Section 6.2) and was based upon the proposed 
preoperational monitorin~ program also presented in the 
ER-OLS. The ER-OLS was developed in 197~ and su~mitted in 
1977 to the NRC. 

Since that time, the Preoperational ~onitoring Program has 
been revised to incorporate the latest site specific study 
results and recent developments in marine ecological study 
techniques. The revised Preoperational ~onitoring Program 
was approved by the NRC and implemented in 1978. It is the 
Applicant's intention to develop an operational monitoring 
program which incorporates results of the Preoperational 
Monitoring Program and submit it in the near future for 
approval. It was the intention of Comment 6-Q to indicate 
that the specific details of the operational monitoring 
program proposed in the ER-OLS in 1976 (and contained in the 
DES) should not be considered to represent the program which 
will actually be implemented. While the program which will 
ultimately be implemented will be similar to the one included 
in the ER-OLS, it will not be identical, and the differences 
between the two cannot be specified at this time because the 
development process is still underway. 

1 RICHARD J. WHARTON 
Attorney at Law 

2 4655 Cass St., Suite 304 
San Diego, CA 92109 

3 (714) 488-2828 

411Attorney fo;: Intervenors 

5 

6 

7 

8 

9 

UNITED STATES OF AMERICA 

10 

11 

12 

13 

14 

15 

NUCLEAR REGULATORY COl~USSION 

BEFORE THE ATOMIC SAFETY AND LICENSING BOA~ 

In the Matter of ) Docket Nos. 50-361 OL 
) 50-362 OL 

SOUTHERN CALIFORNIA ) 
EDISON COMPANY, ~ al., ) CO~!ENTS ON DRAFT ENVIRONMENT. 

) STA~!ENT - SAN ONOFRE NUCLEAR 
(San Onofre Nuclear Generating ) GENERATWG STATION, UNITS 2 
Station, Units 2 .and 3) ) AtiD 3 

) 
) 

16 We have carefully reviewed the above draft environmental 

17 statement in relation to the requirements imposed by Section 

18 102(2)(c) of the National Environmental Policy Act (NEPA) and 

19 10 CFR Part 51 of the NRC Regulations, and have set forth below 

2011intervenors' comments on the proposed action and on this draft 

21 

~ 

statement pursuant to 10 CFR Part 51.25. Intervenors find this 

draft statement inadequate in a) the discussion and assessment of 

23 environmental effects, both beneficial and adverse, associated 

24 with the operation of the San Onofre Nuclear Generating Station, 

25 Units 2 and 3, and b) the ·discussion and consideration of avail-

26 able alternatives to .. t;he-p1:'0posed action.· ·<Intervenors specific-all 

27 identify the following deficiencies: 

28 1. The evaluation of cooling water discharge impacts is 
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inaccurate and misleading. The heated water will very likely 

esult in the destruction of at least a portion of the San Onofre 

elp bed during the summer months, the long-term thermal impacts 

violations of the state standards 

On page 5-7 of the DES it is stated: "The staff 

there exists a remote possibility that 

thermal standards could be violated by the operation of 

2 and 3, violations would, at worst, be infrequent and for 

periods. There is no evidence in available drift data to 

occurence would take place during the summer 

hen thermal impacts would be most severe." This conclusion was 

12 apparently based on applicants' "worst case" modeling theory; 

13 however, in light of recent findings as a result of studies pre-

14 sently being performed by the Marine Review Committee (MRC) at the 

15 request of the California Coastal Commission, it has been determindd 

16 that the state thermal standards will ~ be met. The following 

17 excerpts from the "Supplemental Staff Report And Recommendations -

18 Review of Thermal Requirements For San Onofre Nuclear Generating 

19 Station, Units 2 and 3" prepared by the California State Water 

20 Quality Control Board staff are appropriate: "The Report of the 

21 MRC confirms the previous prediction that, under normal operating 

22 conditions, the proposed discharge will violate the 20 degree F 

23 temperature differential in the "receiving waters" i.e., waters 

24 at the location and depth of the diffusers of Units 2 and 3. This 

25 Report notes: ' ... if the "receiving" waters are defined as in 

26 this paragraph, the standards of the State Thermal Plan will 

27 probably be exceeded by the operation of Units 2 and 3.' Although 

28 the R~port indicates that the discharge will "likely" or "probably
1
• 

-2-

1 or "may" violate the temperature differential, there really is no 

2 question that such violations will occur." (pp. 4-5) 

3 In a hearing for the purpose of interpreting the term "re-

4 ceiving waters" held on December 21, 1978, the California State 

5 Water Quality Control Board held that " .•. the temperature at the 

6 intake point does not represent conditions at the receiving 

7 aters," (p. 3 of Opinion of Chairman Bryson and Board Member 

8 Mitchell) contrary to applicants' requested interpretation. The 

9 net result of this ruling is that the state thermal discharge 

10 limitation will be exceeded by operation of SONGS Units 2 and 3. 

11 The DES states at ·P· 5-27 "The greatest threat of SONGS to 

12 the long-term survival of the San Onofre kelp bed is the 

13 possibility of injury to the basal tissues from which the canopy 

14 is regenerated each year ... under extreme worst case conditions 

15 (e.g., several days with high ambient temperatures and slack 

16 currents, and with all the plants operating continuously), 

17 destruction of the basal regenerative tissues might result." The 

18 DES further states: " ... the community (kelp bed), if destroyed 

191\frequently, could never achieve a stable state characteristic of 

20 other kelp beds in the area. Furthermore, constant temperature 

21 increases coupled with added turbidity would be inimical to 

22 interim reestablishment ... The perennial occurrence of worst case 

23 conditions seems highly unlikely and the staff thus concludes that 

24 the long-term thermal impacts from normal station operation are 

25 not likely to be severe." (p . 5-27) It is clear that since the 

26 state thermal discharge limitation will be exceeded during normal 

27 operation of SONGS 2 and 3, the staff's conclusion was based on 

28 a faulty premise. Dischargers' normal plant operation will result 

-3-
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1 in continuous high temperature discharge approximating the worst 

2 case conditions and resulting in both short and long-term thermal 

3 impacts on the San Onofre kelp beds. The DES states at ·p. 5-27 

4 "It has been rather well established that temperatures above 

5 18-20 degrees C. (64-68 degrees F) cause deterioration of kelp, 

6 and the degree of degradation is directly related to the duration 

7 of the exposure to these temperatures." 

8 2. The DES is inadequate in its discussion of the 316(a) 

9 exception process as related to thermal pollution caused by the 

10 proposed action. Section 6.4.1 of the.DES discusses the "thermal 

11 exception studies" as related only to periodic "heat treatment" to 

12 control fouling organisms. The DES fails to consider the 316(a) 

13 exception required for continuous high ambient temperature 

14 discharges during the normal operations of Units 2 and 3. It is 

15 highly likely that a 316(a) exception request will be forthcoming 

16 from applicants in light of the recent denial by the California 

17 State Water Quality Control Board of applicants' requested 

18 interpretation of the term "r~ceiving waters" as used in the 

19 State Thermal Plan. Had applicants' interpretation been approved, 

20 it would have obviated applicants' need for a 316(a) exception to 

21 the requirements of the FWPCA. Because a 316(a) exception is 

22 necessary for the operation of Units 2 and 3 in their present 

23 desiga mode, the DES is inadequate for failure to consider the 

24 implications, both short and long-term, on the aquatic environment 

25 if such an exception is granted. With respect to the maximum 

26 temperature of thermal waste discharges, and contrary to the 

27 requirements of 10 CFR Part 51.23(c), due consideration was not 

28 given to " ... compliance of the facility construction or operation 

-4-

1 and alternative construction and operation with environmental 

2 quality standards and requirements which have been imposed by 

3 Federal, State, regional, and local agencies having responsibility 

4 for environmental protection, including applicable zoning and 

5 landuse regulations and water pollution limitations or requirement 

6 promulgated or imposed pursuant to the Federal Water Pollution 

·711 Control Act." 

8 

9 

3. The DES is inadequate in its evaluation and analysis of 

the social and economic impact of operating SONGS 2 and 3. 

10 A. With respect to the environmental impact of SONGS 

11 on recreational resources, the DES reco~nizes the failure of 

12 applicants to comply with the terms and conditions of the 

13 construction permit: "The current plan to restrict the use of 

14 approximately 25%.of the 3 1/2 mile San Onofre Beach for the 30-

15 year operating life of the plant is a significant loss of valuable 

16 recreational and scenic space and represents a substantial change 

17 in action between issuance of the FES-CP and application for an 

18 operating license." (Section 5.6.5) Staff reiterates previous 

19 statements made in the FES-CP that "the beach ... is considered to 

20 be a unique and scarce recreational resource," (FES-CP, p. 2-11) 

21 and "that closure even for a brief period is objectionable" 

22 (FES-CP, p. 8-11). Despite the re-affirmation of these 

23 judgments, staff concludes that the social and economic impact of 

24 operating SONGS 2 and 3 - with the significant exception of 

25 restricting public use of the beach- will be only "moderate". 

26 The overall impact will be more severe than "moderate" if the 

27 beach access restriction is factored into the balancing process. 

28 Staff's treatment of this issue is misleading and inconsistent 

-5-
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1 with the purpose and intent of NEPA, section 102(2)(c), which 

2 calls for preparation of a detailed statement on, among other 

3 things, any irreversible and irretrievable commitments of 

4 resources which would be involved in the proposed action should 

5 it be implemented. Restriction of the public's use of this beach 

6 is such an irreversible and irretrievable commitment of resources. 

7 B. With respect to the economic impact of SONGS 2 and 3, 

8 the DES provides no analysis of the effects of the Jarvis-Gann 

9 Amendment (Proposition 13). The DES states that "The applicant 

10 should reassess the potential tax benefits accruing to these 

11 jurisdictions and districts in light of Proposition 13." 

12 (p . 5-44) This is a wholly inadequate treatment of the economic 

13 impact of SONGS 2 and 3, inasmuch as the revenue from the plant 

14 and its allocation within communities will be "significantly 

15 different from what was assumed" - to use the staff's own words -

16llin this economic impact analysis. (p 5-44, section 5.6.4) 

17 4. The DES inadequately evaluates the environmental impact 

18 of postulated accidents in that Class 9 occurrences were omitted 

19 from consideration. (Section 7-1) The DES states on p. 7-2 with 

20IIrespect to Class 9 occurrences that "Their consequences could be 

2tllsevere." The DES fails to discuss the probability of Class 9 

22lloccurrences in a complete and comprehensive manner. In view of 

23 the recent earthquake fault discoveries near the San Onofre site 

24 and the existence of the dewatering-well cavities found beneath 

25 the site, a full discussion of failures more severe than those 

26 required for consideration in the design bases of protective 

27 systems and engineered safety features (Class 9) is warranted. 

28 Further, the estimated dose of 1400.00 man-rems to population in 

-6-

1 the 50-mile radius for a large-break loss of coolant accident 

2 (Table 7.2, p. 7-3, Class 8.1) is substantial and inadequately 

3 discussed, if at all, in the text. 

4 5. The DES is inadequate in that it fails to discuss the 

5 environmental impacts to the region in the event of an accidental 

6 release of radiation requiring evacuation. No discussion is 

7 contained in the DES as to the adaptability of the San Onofre site 

8 to adequate evacuation processes including evacuation of the 

9 nearby beach areas during times of peak use; no discussion is 

10 contained in the DES as to the suitability of existing evacuation 

11 plans; no discussion is contained in the DES as to the effects 

12 which adoption of the NRC/EPA Task Force Report on Emergency 

13 Planning (NUREG-0396) will have on evacuation within the new and 

14 expanded Emergency Planning Zone as distinct from the presently 

15 designated Low Population Zone (NRC Regulations 10 CFR Part 100). 

16 6. The DES is inadequate in that it fails to reassess the 

17 seismic design basis for SONGS 2 and 3 in light of a) the 

18 dewatering-well cavities and b) the recent earthquakes and faults 

19 discovered since the current design basis was established. 

20 7. The DES is inadequate in that the cost/benefit analysis 

21 fails to provide consideration for the greatest possible 

22 escalation of uranium prices, based on recent occurrences, for 

23 SONGS 2 and 3 over the operating life of the plant. The projected 

24 fuel costs identified as $87,900,000/yr for 1981 (Table 10.1, 

25 p. 10-2), will possibly escalate to a prohibitively high level 

26 since long-term uranium contracts are generally tied to market 

27 price at delivery or 7$ per year escalation, whichever<is greater 

28 Staff admits (section 10.3) that since the issuance of the FES-CP 

-7-
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1 the fuel, operating, and maintenance costs of nuclear plant 

2 operation have escalated more rapidly than anticipated. The DES 

3 does not discuss adequately the possibility of additional future 

4 escalation of costs with respect to the fuel requirements of San 

5 Onofre, and does not utilize a "worst possible case" approach to 

6 determine total fuel costs over the operating life of the plant. 

7 .The cost/benefit analysis contained in the DES is therefore 

8 invalid. 

9 8. The DES is inadequate in that it fails to discuss the 

10 possibility that decommissioning costs may escalate to 

11 prohibitively high levels by the end of the operating life of the 

12 plant, at which time the applicant is required to prepare a 

13 proposed decommissioning plan for review by the NRC. (Section 9.4 

14 Although NRC regulations do not require the applicant to have 

15 developed a decommissioning plan at the time an operating license 

16 is obtained, the discussion of alternative decommissioning methods 

17 and their associated costs found in the DES is misleading and does 

18 not present an accurate projection of what the actual decommission 

19 ing costs for SONGS will be. Staff calculations for determining 

20 decommissioning costs per unit of electricity generated do not 

21 utilize a start-up date of 1981 or an escalation rate based on the 

22 current rate of inflation. Staff's projection that "For the 

23 SONGS Units 2 and 3 the decommissioning costs would be. about 

24 double that indicated for all of the decommissioning one-unit 

25 alternatives'.' (p. 9-17) is wholly inadequate for purposes of 

discuss the temporary storage of nuclear waste materials, 

2llincluding the interim storage of spent fuel, on site. 

3 10. The DES is inadequate in that it fails to discuss the 

4 issue of plant security and provide assurances that all nuclear 

5 materials will remain accounted for and protected from the risk 

6 of terrorist or criminal activity or sabotage. 

7 Because due consideration was not given to compliance with 

8 the requirements of 10 CFR Part 51.23(c), and because this DES 

9 fails to consider all environmental impacts of the proposed action 

10 and alternatives to the proposed action as required by Section 

11 102(2)(c) of NEPA, staff's conclusion that the action called for 

12 is the issuance of operating licenses for Units 2 and 3 of SONGS 

13 is premature and founded on insufficient and inaccurate data. 

14 For the foregoing reasons, intervenors request that the NRC 

15 either a) adequately address the issues raised above in the final 

16 environmental statement for SONGS 2 and 3, or. b) deny applicants' 

l7llrequest for licenses to operate 

18 Dated: b__....v -:)OJ 12 7f 0 I 

19 

20 

21 

22 

23 

24 

25 

SONGS 2 and 3. 

Respectfully submitted, 

2611making an informed cost/benefit judgment. As a consequence, the I 26 

2711cost/benefit analysis for SONGS 2 and 3 is invalid. 

28 9. The DES is inadequate in that it fails to comprehensively 

-8-
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FEDERAL ENERGY REGULATORY COMMISSION 

WASHINGTON 20428 
L'> 

;;·-· 

"·~· 

~ 

,., r: 
L .:~:· 

Mr. Frank J. Miraglia 
Acting Chief, Licesning Branch 

No. 3 · 
Division of Licensing 
U.S. Nuclear Regulatory Commission 
Washington, D. c. 20555 

Dear Mr. Miraglia: 

IN REPLY REP'Cft T01 

January 23, 1981 

I am replying to your request of January 16, 1981 to the 
Federal Energy Regulatory Commission for comments on the Supple­
ment to the Draft Environmental Impact Statement related to the 
operation of the San Onofre Nuclear Generating Station, Units 2 
and 3, This Draft EIS has been reviewed by approprlatu PERC 
staff components upon whose evaluation this r~sponse is based. 

This staff concentrates its review of. other agencies' en­
vironmental impact statements basically on those areas of the 
electric power, natural gas, and oil pipeline industries for 
which the Commission has jurisdiction by law, or where staff 
has special expertise in evaluating environmental impacts in­
voled with the proposed action. It does not appear that there 
would be any significant impacts in these areas of concern nor 
serious conflicts with this agency's responsibilities shoulc1 
this action be undertaken. 

Thank you for the op~rtunity to review this statement. 

Sincerely, 

Heinemann 
on Environmental Quality 

Sl o :; :·Q r 1D1' 
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United Slates 
Department of 
Agriculture 

L.vnilmics 
and Statistics 
Service 

Mr. Frank J. Miraglia 
Acting Chief, Licensing Branch No. 3 
Division of Licensing 
U. s. Nuclear Regulatory. Commission 
Washington, D. C. 20555 

Dear Mr. Miraglia: 

Washington. D.C. 
20250 

January 26, 1981 

Thank you for forwarding the Supplement to the Draft Environmental 
Statement for the San Onofre Nuclear Generating Station, Units 2 and 3. 

We have reviewed the materia~, Docket Numblrs 50-3&1 and 50-3~, and 
have no comments at this time. 

Sincerely, 

MLL~ 
MELVIN L. COTNER 
Director, Natural Resource 

Economics Division 
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Nuclear neighbor 
asks for discount 
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Mr. Frank J, Miraglia 
Acting Chief, Licensing Branch No. 3 
Division of licensing 
U.S. Nuclear Regulatory Commission 
1-/ashington, D.C. 20555 · 

Dear Mr. Miraglia: 

2828 Chiles Road 
Davfs,·CA· 95616 
(916) 758-2200 

February 11, 1981 

The Soil Conservation Service has reviewed the Supplement to the Draft 
Environmental Statement for San Onofre Nuclear Generating Station, Units 
2 and 3. We find no controversial items within the realm of SCS responsi­
bilities. 

This Environmental Statement Supplement reveals no conflicts with any of the 
ongoing projects within our jurisdiction. No prime land will be lost to the 
proposed project. 

We appreciate the opportunity to review and comment on this report. 

Sincerely, 

~~· t:Ut/_./ 
FRANCIS C. H. LU~I 
State Conservationist 

cc: Norman A. Berg, Chief, SCS, Washington, D.C. 
Jack Smith, Area Conservationist, Escondido, CA 
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United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 

ER 81/80 

Mr. Frank J. Miraglia 
Acting Chief 
Licensing Branch No. 3 
Division of Licensing 
Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Miraglia: 

MPR 2 1981 

We have reviewed the supplement to the draft environmental 

statement for San Onofre Nuclear"Generating Station, Units 2 

and 3, San Diego, California, and find we have no comments. 

The opportunity to review this document is appreciated. 

..,____ -
·cECf! .. S. He; 

'-'-'·'-'"·"' s1RI'ii-¥1Rfssistant to 

RICHARD J. WHARTON 
Attorney at Law 
University of San Diego 
Alcala Park, California 92110 

(714) 291-6480 Ext. 4376 

Attorney for Intervenors 

UNITED STATES OF AMERICA 

NUCLEAR REGULATORY COMMISSION 

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD 

In the Matter of 

SOUTHERN CALIFORNIA 
EDISON COMPANY, et al. 

(San Onofre Nuclear Generating 
Station, Units 2 and 3) 

DOCKET Nos. 50-361 OL 
50-362 OL 

JOINT INTERVENORS COMMENTS ON SUPPLEME~: 

TO DRAFT ENVIRONMENTAL STATEMENT RELATE 
TO OPERATION OF SAN ONOFRE NUCLEAR 
GENERATING STATIONS, UNITS 2 and 3 
(NUREG-0490) 

The Supplement to Draft Environmental Statement (NUREG-

0490, December, l9BO), hereinafter referred to as NUREG-0490, pre-

pared by the Office of Reactor Regulation (Staff) of the united 

states Nuclear Regulatory Commission (NRC) related to the opera-

tion of San Onofre Nuclear Generating Station, Units 2 and 3 

(SONGS 2 and 3) has been reviewed by Intervenors in relation to 

the requirements imposed by the National Environmental Policy 

Act (NEPA) (42 O.S.C. J 4321, et seq.), 10 C.P.R. Part 51, and 

40 C.P.R. Part 1502. Intervenors comments on the proposed action 

and on NUREG-0490 are made pursuant to 10 C.F.R. Part 51.25 and 

40 C.P.R. Part 1503. 

8108180S.:Z& -1-

SCE-SER 000563

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 281 of 300
(572 of 2110)



i: 

The purpose of NU~EG-0490 was •to identify and evaluate 

the site-specific environmental impacts attributable to accident 

sequences that lead to releases of radiation and/or radioactive 

materials including sequences that can result in inadequate 

cooling of reactor fuel and to melting of the reactor core.• 

NUREG-0490, p. vi. These accident sequences are commonly referred 

to as meltdowns or Class 9 accidents. 

The NRC's historic first site-specific impact study of a 

meltdown accident at a California nuclear reaction is inadequate, 

incomplete and misleading. NUREG-0490 is misleading because it 

does not provide decision-makers with sufficiently detailed 

information regarding the potential environmental impacts of a 

meltdown at SONGS 2 and 3 to aid them in a substantive decision 

whether or not to proceed with granting an operating license to 

this federal nuclear project in light of the economic and other 

consequences of an accident at SONGS 2 and 3. NUREG-0490 does 

not encourage public participation because it does not make 

adequate information available to the public in non-technical 

language about the potential economic and environmental impacts 

that could affect the li~es of twelve million people. NUREG-0490 

appears inadequate and incomplete when compared with other indepen~ 

dent meltdown impact analyses. 

After the Three Mile Island accident, which resulted 

in mass evacuations and temporary relocation of many people, the 

California state Legislature passed a law (Senate Bill 1183, now 

Section 8610.5 of the Government Code), which required the State 

-2-

Office of Emergency Services (OES) to prepare Emergency Response 

Plans for potentially severe nuclear accidents involving the 

release of large amounts of radiation. In order to plan for 

such accidents, the State required information.of the potential 

sc~narios and consequences that could result from meltdowns in 

California reactors. The State lead agency, OES, contracted 

with a conservative consulting group, Science Applications, Inc. 

(SAI), to study the consequences and potential scenarios of 

meltdowns at California reactors. SAI has conducted research 

for the NRC, the Department of Energy, .nuclear military projects, 

nuclear utilities, and the nuclear industry. The SAI-OES study 

was released to the public in Sacramento, California on July 15, 

1980. The portion of the SAI-OES study which relates to SONGS 

2 and 3 was based on extensive site-specific data whereas NUREG-

0490, while it purports to be based on site-specific data, 

considers mainly excerpted "data, methodology and assumptions" 

from the WASH-1400 study. The inadequacies of this approach 

are demonstrated by the following comparison petween the SAI-OES 

study and NUREG-0490 consequence analyses: 

The SAI-OES study indicates that the maximum consequences 

for a nuclear meltdown at SONGS 2 and 3 would be $180 billion'in 

economic cost consequences, NUREG-0490 estimates $35 billion, SAI-OES 

estimates 16,000 square miles of land contaminated with radiation, 

NUREG-0490 estimates 3,000 square miles: SAI-OES estimates eight 

to ten million Southern Californians would be required to relocate 

and leave their homes and property for up to ten years. Four to 

five million of them would have to be relocated lon~er than ten 

-3-
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years, NUREG-0490 gives no estimates for the magnitude of the 

population affected by relocation. SAI-OES estimates that in 

1975 there were 7.7 million people living within 60 miles of 

the San Onofre site. Within 100 miles there are approximately 

12 millton people. The SAI-OES study acknowledges that "Latent 

~eaths from San Onofre can occur within 100 miles, which includes 

half of the population of California.• Another report done for 

the California Stat~ Legislature, discussed below, warns that 

children within 100 miles downwind from the reactor would receive 

damage to their thyroid glands and would require surgery due to 

exposure to radioactive iodine gases. The SAl-OES study also 

estimates that $6.6 billion in cost consequences could occur 

within 500 miles of San Onofre following a meltdown. Reports 

to the President's council on Environmental Quality warn that 

areas as far away as 1,000 miles or more could be affected, and 

that up to 125,000 square miles of land could suffer some contam­

ination or crop or milk interdiction. The possibility exists that 

Southern California could be permanently contaminated after a 

meltdown at SONGS 2 and 3. This is not surprising when we look 

at other accident scenarios and compare their estimates. 

One NRC analysis of reactor accidents, WASH-740, esti­

mated that an area the size of Pennsylvania could be permanently 

contaminated by a meltdown at a reactor significantly smaller 

than either Unit 2 or 3 at San Onofre. Another report, the 

Rasmussen report, WASH-1400, estimated that 3,000 square miles 

of land would be contaminated, but assumed that effective 

-4-

evacuations would take place out to 30 miles downwind from the 

reactor accident. NUREG-0490, estimates the maximum conseqnences 

of a San Onofre meltdown to be $35 billion in costs for mitigating 

actions (evacuations, relocations, land interdiction, emergency 

response by local, county, state and federal teams), 1 million 

~eople would receive more than 25 rems, there would be 130,000 

acute fatalities, and 300,000 latent cancers in the population 

within SO miles who would be exposed to 30 to 40 billion person 

rems released during the accident. 

The consequences of nuclear power plant core melt 

accidents have also been estimated at the request of the 

California State Legislature and the President's Council on 

Environmental Quality by Dr. Jan Beyea and Dr. Frank von Rippel, 

nuclear physicists with the Princeton University's Program on 

Nuclear Policy Alternatives of the Center for Energy and Envir­

onmental Studies. or. Beyea noted in his analysis that a melt­

down with a release of radioactive gases from a large reactor could 

involve "health effects and possible land use restrictions have 

been considered out to distances of 1,000 miles and for periods 

of decades after the release.• He estimates that up to 175,000 

square miles of land could be under some form of interdiction or 

restricted use following the meltdown. He explains this by saying 

"The number of health effects and the .•• land contamination 

can range so high because a substantial fraction of the released 

radioactivity can be carried for hundreds of miles downwind 

-5-
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before being removed from the atmosphere by deposition on the 

ground. Dr. Beyea told the President's council on Environmental 

Quality (CEQ) that •early fatalities could occur up to 30 miles 

downwind" of a reactor meltdown. Or. Frank von Hippe! testified 

before the California State Leqislature after Three Mile Island 

~hat "the thyroid could receive a radiation dose tens to hundreds 

of times higher than the rest of the body. Exposed children 

more than a hundred miles downwind would suffer thyroid damage 

which would require surgery years later." (emphasis added) 

NUREG-0490 did not reference the SAI-OES study, in spite of.·the 

fact that the Atomic Safety and Licensing Board {ASLB) and the 

NRC Staff were made aware of the report by Intervenors during 

July and August of 1960, six months before NUREG-0490 was issued. 

The SAI-OES study is a conservative report in that it 

calculates its predictions and models ba~ed on site-specific 

data. NUREG-0490 is not conservative and is inadequate because 

it is not sufficiently based on site-specific data. The SAI-OES 

report used extensive site-specific data regarding the nearby 

population centers and the various weather conditions in Southern 

California. That report identified several site-specific unique 

features which should have warranted a different conclusion from 

the NRC Staff than "there are no special or unique features about 

the Sen Onofre site and environe that would warrant special or 

additional engineered safety features for the San Onofre plants.• 

Joint Intervenors conclude there are special and unique features 

that exist at the San onofre site which are listed as follows: 

(l) The three reactors at Sen Onofre are uniquely 

located near the intersection of two major Fault zones, the 

Cristianitos and the Newport-Inglewood. Prior to l980, the 

NRC believed there was no structural relationship between the 

two Fault Zones. However, in 1980, fede;al and state marine 

geologists discovered a new zone of faults which they named 

•cristianitos Zone of Deformation" which project directly 

beneath the three reactors. Thus, the possibility of damage 

to the reactors during earthquakes is higher now because of the 

possibility of surface rupture directly under the reactors. 

This was not factored into the Rasmussen Report, WASH-1400, the 

Lewis Report, SAI-OES or NUREG-0490. NUREG-0490 does not even 

mention geologic-seismic site-specific events as a significantly 

possible factor in the probabilistic risk assessment. 

(2) The San Onofre site is uniquely located on the 

Pacific plate, near the Plate Tectonic Boundary Fault, the 

San Andreas. San Onofre is moving north in relation to the 

North American Plate. These reactors are uniquely migrating 

north on a geologic time scnle. Plate Tectonics were not under­

stood when the San Onofre site was originally chosen in 1962. 

It was not until 1969 that the plate tectonics theories were 

accepted; 

(3) The San Onofre site has the unique feature of 

baing sited close to San Onofre Unit 1. If Unit l had a melt­

down, it would sevenly effect operations of Units 2 and 3, 

resulting in various consequences, none of which were considered 

in NUREG-0490. The older reactor at the site, San Onofre Unit 1, 

-~ -~ 
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was identified by the SAI-OES analysis as having the highest 

probability of a meltdown of any reactor in California for 

two primary reasons. "The first reason is that the Unit One 

auxiliary feedwater system depends on operators to align and 

~nitiate the system. Potential failures due to human factors 

~aka the system less reliable than automated systems. The second 

reason relates the long term recirculation mode of emergency 

core coolant, which.requires at least one of two pumps located 

in the containment. In the event of a pump failure, repairs 

cannot be made because the pump is inside the containment and 

would be isolated during an accident." NUREG-0490 does not 

consider the proximity of SONGS ~ and 3 to Unit 1 to be a unique 

or special feature. 

(4) San Onofre Unit l has been shutdown for approxi­

mately one year due to leaky corroded steam generator tubes. The 

NRC issued a report in 1976 (NUREG-0900-5, Report to Congress an 

Abnormal Occurrences) which explained that "the failure of a number 

of steam generator tubes as a result of the pressure transients 

during a loss of coolant accident could render the emergency core 

cooling system ineffective." The Unit 1 was not designed for the 

magnitude of ground motions that Units 2 and 3 were. An earth­

quake could conceivably only damage Unit 1, because of its struct­

urally weak steam generator tubes, but that could result in a 

LOCA (loss of coolant accident) and a meltdown, which would affect 

the two other reactors and the environment. 

(5) The San Onofre reactors are special and unique in 

that the reactor core of Unit 2 was installed backwards, necessi-

-a-

tating total rewiring of the control room and other systems. 

(6) The San Onofre site is unique also in that 

San Onofre Unit 2 was constructed above earthquake faults that 

were not discovered until 1974 during construction excavations. 

(7) SONGS 2 and 3 are underlain by dewatering cavities 

'that developed during construction. Intervenors believe this also 

is a special of unique feature at SONGS 2 and 3 which must be 

con:Sidered. 

(8) The Southern California region, including San 

Onofre, frequently has weather inversions. During these inver~ 

sians, air pollutants, including accidentally leaked radioactive 

gases, can be trapped beneath the inversion layer, where they can 

only mix and travel horizontally. Thus, a meltdown at SONGS 2 

and 3 could affect the nine to ten million people who live in 

the air basins that share the same East ~acific high pressure 

zane inversion layers. Although NUREG-0490 admits that "accident 

consequences are very much dependent on the weather conditions 

existing at the time • • • they do not specifically consider the 

unique Southern California high pressure inversion layers which 

are a predominant characteristic of the San Onofre site. 

(9) The San Onofre reactors are uniquely located on 

a southern California beach state park that stretches for many 

miles, but which is inaccessible and inescapable except by driving 

past the reactors on the old-highway, now running parallel 

to Interstate-S. On a typical summer day, 25,000 persons 

drive close to the reactors an a narrow and curving road. These 

beach-goers could be trapped during a meltdown, especially if 

-9-
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an earthquake occurred at the same time or caused it. 

(10) Another unique or special feature of San Onofre 

is its proximity to roads used by thousands of uncontrolled 

travelers per day which presents a unique-possibility for sabotaqe 

accidents that could lead to releases of radioactivity. 

(11) The San Onofre site is special and unique in 

that one-half of the population of the State of California lives 

within 100 miles of the site. 

(12) It is a unique feature of SONGS 2 and 3 to be 

the larqest reactors ever considered for operating licenses~ 

(13) The San Onofre site is unique in that it is 

sited within· contamination distance of a major portion of the 

nation's fresh produce farms, especially in the winter months. 

(14) The San Onofre site is also unique in that it 

could cause international economic and environmental impacts 

by contamination of a significant part of Baja California's 

agricultural resources. 

After the Kemeney Commission and the Rogovin Report 

were issued on Three Mile Island, the council on Environmental 

Quality wrote a letter to the Nuclear Regulatory commissioners 

on March 20, 1980. The letter released the results of the CEQ 

review and critized the NRC's lack of compliance with NEPA laws 

in the ElS analyses of potential accidents at reactors. The 

CEQ stated that the NRC's EIS discussions of •potential accidents 

and their environmental impacts was found to be largely perfunctory, 

remarkably standardized, and uninformative to the public.• The 

CBQ also advised the NRC that "site specific treatment of data 

-10-

should be substituted for "'boilerplate' assessment of accident 

initiating events and potential impacts, and £IS's should be 

comprehensible to non-technical members of the public ••• • 

Intervenors comment upon the fact that NOREG-0490 contains 29 

pages of text with about 8 pages of site-specific information 

which is selective and slanted. NEPA requires detailed statements 

of aspects of proposed action significantly affecting the quality 

of the human environment and Intervenors feel NOREG-0490 is 

inadequate in that it is"largely perfunctory, remarkably stan­

dardized and uninformative to the public.• 

NOREG-0490 is also inadequate in that it failed to 

consider earthquake induced core melt accidents. While the 

Reactor Safety Study(RSS), WASH-1400, concluded that the probab­

ility of core melt accidents in nuclear power plants from seismic 

events was insignificant compared to core melt probabilities from 

other accidents, recent assessment of the potential for earth­

quake induced.core melt accidents suggests that the probability 

of such events may be significant when compared to core melt 

accidents from other causes considered by ass. Intervenors 

contend that the seismic design basis for SONGS 2 and 3 is in­

adequate and, therefore, consider it prudent to evaulate the 

potential for seismic-induced core melt accidents at SONGS 2 

and 3 to establish if they may be significant factors. The 

purpose of NOREG-0490 wae to identify and evaluate site-specific 

environmental impacts. It does not evaulate the potential 

for seismic-induced core melt accidents and, therefore its 

probabilistic assessment of risk at SONGS 2 and 3 is inadequate. 

-11-
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NUREG-0490 is further inadequate and particularly 

misleading in its assessment of health affects avoidance 

(Section 7.1.1,4). NUREG-0490 did not mention thyroid blocking 

in its assessment of health affects avoidance, relying only on 

restricti'on of contaminated property and foodstuffs. or. Frank 

von Hipple in his testimony before the California State Legislature 

states: 

The thyroid can be protected against absorbing 
radioiodine, however, if before the cloud arrives 
you take about one thousand times your ordinary 
daily iodine intake in the form of potassium 
iodide (the form of iodine present in iodized 
salt). This will saturate the thyroid with 
ordinary iodide and reduce its ability to 
absord the radioactive iodide when it arrives. 
This strategy was recommended in the American 
Physical Society's reactor safety study four 
years ago. The Food and Drug Administration 
approved potassium iodide for emergency thyroid 
'blocking' ••• I would recommend that California 
do two things with regard to this thyroid protec­
tion strategy• 

1) Develop a stockpile of potassium iodide in 
the appropriate dosage in either sealed foil 
wrapped pills or liquid solution. This would 
not be costly. Based on a 1972 study for the 
Defense Civil Preparedness Study, it appears 
that enough pills for the entire nation could 
be produced for a few million dollars. 

2) The more difficult part of the job would be 
to develop an effective distribution system. If 
one waited until a cloud of radioiodine had been 
released before distributing the blocking chemical 
and informing the public of its use, one might 
well be too late. (A week after the beginning of 
the crisis at Three Mile Island, the Pennsylvania 
state government refused to distribute the chemical 
to the population within 10 miles of the site -
despite the joint recommendation to do so from the 
Surgeon General, the Food and Drug Commissioner, 
and the Director of the National Institutes of 
Health who thought that sufficient warning time 
might not be available to protect this population 

-12-

in ease a release occurred. On the other 
hand, if people were given potassium iodide 
to keep in their medicine cabinets along with 
asprin, it is likely that many would lose 
track of it pretty quickly. Perhaps it should 
be attached by the local utility to household 
electricity meters and its presence announced 
in case of need. The best strategy is obviously 
a problem well worth a study. California could 
break some important ground here.•• 

~eetion 7.1.1.4. is particularly misleading in its statement 

that "radiation hazards in the environment tend to disappear 

by the natural process of radioactive pecay (but) can continue 

for a relatively long period of time -- months, years or ~ 

~·· (emphasis added) This misleading statement fails .. to 

note that some ratioactive wastes from nuclear accidents such 

as radioactive Strontium and Cesium can enter the food chain 

and remain a hazard for 1,000 years or more. Other isotopes 

remain a hazard for 1 million years or more. 

NUREG-0490, Section 7.1.3. entitled Mitigation of 

Accident Consequences is inadequate in that it fails to note 

that consequences could be reduced by retrofitting SONGS 2 and 

3 with filtered venting systems to prevent accidental releases 

of radioactive gases. 

NUREG-0490, Section 10 is misleading, inadequate 

and incomplete. The Section contains three sentences with 

regard to its conclusions and Re-Evaluated Benefit-Cost Balance. 

~his section should be expanded because the environmental risks 

of a Class 9 accident involve the entire region of Southern 

California, Norther Baja California, Mexico, and parts of Arizona, 

These regions could be permanently contaminated with'radiation 

following a coremelt ~t SONGS 2 and 3. The risks involve the 
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value of all real and personal property, both public and private 

in those regions. The risks involve fatalities, latent cancer 

deaths and genetic damage. The risks involve compensation to 

victims in the event of such accidents. Section 10 of NUREG-

0490 concludes that the environmental risks of Class 9 - coremelt 

~ccidents - "does not change the results of the cost-benefit 

balance contained in the Draft Environmental Statement (Section 

10)." 

COHCLOSION 

NOREG-0490 concludes rtthat there are no special or 

unique features about the San Onofre site and environs that 

~ 
would warrant special or additional engineered safety features 

for the San Onofre plants.• Intervenors conclude there are 

unique characteristics at SONGS 2 and 3 that warrant additional 

engineered safety features especially in light of the unique 

earthquake hazard which could cause a coremelt accident and 

common-cause failure of essential safety systems at SONGS 2 

and 3. A future earthquake near the San Onofre site could 

be the common cause for failure of the coolinq systems "of all 

three reactors on the San Onofre site and all three of the 

spent fuel pools simultaneously. This would be the woret case 

accident .that should be analyzed by the NRC and this analysis 

should be a part of a reviaed NUREG-0490. 
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CERTiriCATE OF SERVICE 

I hereby certify that the JOINT INTERVENORS COMMENTS 

ON SUPPLEMENT TO DRAFT ENVIRONMENTAL STATEMENT RELATED TO 

OPERATION OF SAN ONOFRE NUCLEAR GENERATING STATIONS, UNITS 2 AND 

3 (NUREG-0490) have been served on the following by deposit in 

the United States mail, first class, postage prepaid, this 

9th day of March, 198lz 

Office of Nuclear Reactor Regulation 
u.s. Nuclear Regulatory Commission 
washington, D. c. 20555 

Attention• Director, Division of 
Licensing 

Executed on March 9, 1981 at San Diego, California. 

:::u: .s\. \w N) Ld. 

DARITY WESLE \ 
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SCJEJlJTlSTS 

9 March 1981 

Office of Nuclear Reactor Regulation 
u.s. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Attention: Director, Division of Licensing 

Dear People: 

Re: Supplement to the Draft Environmental Statement 
(NUREG-049o) related to the operat~on of San Onofre 
Nuclear Generating Station, units 2 arid 3 

Herewith are some brief comments on the above Supplement, in 
response to your invitation. 

We are pleased that the NRC has finally published a document 
providing a hint of the consequences of severe accidents at 
the San Onofre Station. We consider, however, that this 
Supplement does not satisfy the intent of the Commission's 
Statement of Interim Policy of 13 June 1980 (Federal Register, 
45, 40101}. Nor does this Supplement provide the pUbl~c with 
Information sufficient to make a reasoned assessment of the 
risks of severe accidents at this plant. 

You will recall that the Commission's Statement of Interim 
Policy followed a letter of 20 March 1980 from the Chairman 
of the Council on Environmental Quality (CEQ} to the Chairman 
of the NRC. Included inthisletter was the statement: 

"The results of our review of impact statements 
prepared by the NRC for nuclear power reactors 
are very disturbing. The discussion in these 
statements of potential accidents and their en­
vironmental impacts was found to be largely 
perfunctory, remarkably standardized, and unin­
formative to the public.• 

This supplement must be substantially revised and improved 
before it overcomes these CEQ criticisms. For guidance during 
this process of revision and improvement, the NRC staff should 
consult the report "NRC's Environmental Analysis of Nuclear 
Accidents: Is It Adequate?", prepared for CEQ by the Environ­
mental Law Institute (ELI} in February 1980. A copy of this 

!:;g.:1 :,t5!B:1C~us.a:~s A·.'!nul! " Camor~cge. :.iassac~use::s ~2238 • iE:J~o,one :617l 5·l7 -5552 

8108180 1/'11 '725: S:·~e!. ~t'!J • Sv1!e :)C1 • <t/asnu;~!On. 0 C :xcc • Te.~ohor.~ \202} 295·36C(i 

Office of Nuclear Reactor Regulation 
9 March 1981 
Page 2. 

report was provided to the NRC with the CEQ Chairman's 
letter. 

Part 5 of the ELI report recommends that the NRC should 
continue, with some substantial improvements, its previous 
practice of studying a selection of accident scenarios. The 
ELI report recommends that this selection should be expanded 
to include "Class 9" accidents. Section 7 (Environmental 
Impact of Postulated Accidents} of the san Onofre Draft 
Environmental Statement (dated November 1978} exemplifies 
this previous practice; it estimates radiation doses for a 
number of selected accidents in Classes 1 through 8. This 
Supplement, however, merges nine release categories, weighted 
by assumed probabilities. The results of this analysis are 
confusing for the public; one might suspect that this is by 
intention. 

Each accident scenario should be considered alone. For each 
scenario, the NRC should provide a clear account of: 

(i} the nature of the postulated accident 

(ii} the estimated nature of the radioactive release 

(iii) the estimated nature of the environmental con­
sequences of that release. 

The Commission's Statement of Interim Policy directs: 

" • • • approximately equal attention shall be 
given to the probability of occurrence of releases 
and to the probability of occurrence of the environ­
mental consequences of those releases." 

This Supplement does not satisfy the intent of that directive. 
It merges these two probabilities although they are of quite 
different natures. One might suspect that this approach is 
selected in order to persuade the public that severe con­
sequences have extremely low probabilities. This form of 
analysis and presentation does not fulfill the NRC's obligation 
to accurately inform the public. 

As the NRC staff should well know, probabilities in nuclear 
accident analysis fall into two distinct categories: 

(i} probability of occurrence of release 
This category of probability concerns 

engineering estimates. These are very difficult 
to make since there is a l~mited statistical base 
and much of the uncertainty relates to human 
behaviour. 
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(ii) probability of occurrence of environmental 
conse£hences, g1ven a particular release 

T is<ategory of probability concerns 
factors such as wind speed and direction. These 
factors can be estimated from a good statistical 
base. 

The NRC staff should revise this Supplement so as to exhibit 
their estimates of these probabilities separately, within each 
accident scenario studied, 

The Commission's Statement of Interim Policy also directs: 

" .• • • consequences shall be characterized in 
terms of potential radiological exposures to 
individuals, to· population groups, and, where 
applicable, to biota.• 

This Supplement does not fulfill the intent of that directive. 
It provides very limited information on the geographical varia­
tion of potential exposure. More seriously, it provides 
essentially no information on the significance of exposure for 
different population groups. As the NRC staff should well 
know, certain population groups (especially children and 
fetuses) are at greater risk for a given release. 

The importance of revising this Supplement, so as to accurately 
inform the public, can be illustrated by two estimates which 
can be gleaned from the supplement itself: 

(i) probability of occurrence of the "PWR2" core melt 
accident . 

Th1s release is one of the most severe 
accidents considered in the Reactor Safety Study 
(WASH-1400) and this Supplement. Table 7.1.4-2 
of the Supplement estimates its probability as 
7xlo-6 per reactor-year. Section 7.1.4.2 concedes 
that this estimate could be low by a factor of 100. 
One thus finds (assuming a reactor life of 30 
years) that this Supplement admits that a "PWR2" 
accident could have a 4% probability of occurrence 
during 'the life of San Onofre Units 2 and 3. 

(ii) potential for serious health effects 
Table 7.1.4-4 of this Supplement admits that 

a severe accident at San Onofre could lead to 
130,000 acute fatalities, 300,000 subsequent fatal 
cancers, and 600,000 genetic effects. 

Office of Nuclear Reactor Regulation 
9 March 1981 
Page 4. 

In the light of the grave hazard shown by these estimates, 
the NRC has a clear duty to provide the public with more 
complete information than is contained in this Supplement. 

Thank you for your attention. 

GT:VN 

Sincerely, 

G.~~s;~ 
Gordon Thompson, Ph.D. 
Staff Scientist 

SCE-SER 000572

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 290 of 300
(581 of 2110)



t 
"" 

.:.c;:-..... 

(;$) ,;~~r;;:s s-; ,..'. r::: 2.'-P./!R :J:l \i:: .'l; ::.._ .-'~ ·: ·r: 
· .... ·~:''. ::cz.~·c;·, :\ 

2:5 Fre.":'!c.<,. Str~~t 

;.;.-,~ Franclsc:.>. L'a :'14 ~ :J5 

Project # DS-NRC-K06002-CA 

Frank J. Miraglia, Acting Chief 
Licensing Branch No. 3 
Division of Licensing 
Nuclear Regulatory Commission 
Washington, D.C. 20555 

Oear Mr. Miraglia: 

The Environmental Protection Agency (EPA) has received and 
reviewed the Draft Supplement (DS) to the Draft Environ­
mental Impact Statement (DEIS) for the project titled SAN 
ONOFRE NUCLEAR GENERATING STATION, UNITS 2 AND 3. ---

In our previous reviews of environmental documents dealing 
with Light water Reactors (LWR) EPA has consistently 
emphasized the need for a thorough evaluation of the 
environmental impacts from different LWR accident scenarios 
to include Class 9 accidents. The discussion of the 
environmental and societal impacts of a core melt down 
accident included in the Supplement to the Draft Environ­
mental Impact Statement for the San Onofre Nuclear Genera­
ting Station, Units 2 and 3 is a step forward in this 
respect and, as a result, EPA applauds the Nuclear 
Regulatory Commission's (NRC) decision to prepare this 
Supplement. 

The assessment of environmental impacts for severe acci­
dents at the plant uses methodologies originally developed 
in the Reactor Safety Study (WASH-1460) and the Liquid 
Pathway Generic Study (NUREG-0440). Because these two 
studies will be the cornerstones for similar assessments 
for other nuclear power plants environmental statements, 
we would refer NRC to EPA's original technical comments 
on these studies. These comments can be found in "Reactor 
Safety Study (WASH-1400): A Review of the Final Report" 
and a letter from EPA's Office of Federal Activities to 
NRC dated February 8, 1977. 

St03ZS0423 

Our specific comments on the San Onofre Supplemental DEIS 
and generic comments are attached. The EPA appreciates 
the opportunity to comment on this Draft Supplement. Should 
the NRC choose to revise other sections of the EIS, EPA 
would like to review these documents. If you have any 
questions regarding our comments, please contact Susan Sakaki, 
EIS Review Coordinator, at (415)556-7858. 

Sincerely y~r~ 

J~~tr:~ 
Surveillance and Analy,.i.s Division 

Attachment 
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EPA Technical Comments on the Supplement to the Draft Environ­
mental Statement Related to the Operation of the San Onofre 
Generating Station Units 2 and 3 (NUREG-0490) 

General Comments 

The Final E!S for San Onofre Units 2 and 3 is dated March 1973. 
This statement contains a Section 7, titled "Environmental 
Impact of Postulated Accidents.• It is not clear if the 
Supplement is to replace the original information or if the 
Supplement is supplemental. If this information is supplemental 
then we would suggest that the original Section 7 be revised to 
agree with the supplemental statements and data. 

It would also be hopeo that any previous information and con­
clusions would be revised if it is impacted by events occur­
ring since 1973 or by a change in COmmission consideration. 
For instance the supplement refers to the original Section 5.~ 
and further mentions 10 CFR Part 20 and 10 CFR Part SO. However, 
the supplement does not make any mention of the Commission's 
implementation of 40 CFR 190 for normal operation. 

Specific comments 

Table 7.1.4-4 

This table should correspond on a one-to-one basis with 
the release categories (PWR 1-9) in Table 7.1.4-2. It 
is also not readily apparent how the PWR 1-9 compares 
to the original Table 7.1. 

Design Basis Accidents 

In the discussion of accident risk and impact assessment 
of Design Basis Accidents (OBAs), Section 7.1.4.1, we do 
not understand the intent of the comparison of the results 
in Table 7.1.4-1 to the Reactor Site Criteria of 10 CFR 
100. First, the infrequent accidents listed in Table 
7.1.4-1 do not meet the requirements of 10 CFR 100 for 
purposes of site analysis. Footnotes to 10 CFR 100 state: 

(l} ••• calculations should be based upon a major 
accident, hypothesized for the purposes of site 
analysis ••• that would result in potential hazards 
not exceeded by those from any accident considered 
credible, and 

(2) ••• this 25 rem whole body value and the 300 rem 
thyroid value have been set forth as reference values, 
which can be used in the evaluation of reactor sites 

with respect to potential reactor accidents of 
exceedingly low probability of occurrence, and low 
risk of public exposure to radiation. 

Secondly, by the description of infrequent accidents in 
the supplement ("events that might occur once during the 
lifetime of the plant"), these accidents have an annual 
probability of occurrences on the order of lo-2, are 
considered credible, and are not of exceedingly low 
probability of occurrence. Reference to 10 CFR 100 and 
its implementation provide a misleading inference that, 
since the results shown in Table 7.1.4-1 are within the 
dose values of 10 CFR 100, the risk of those infrequent 
accidents is small and therefore acceptable. Also, the 
radiation doses listed in Table 7.1.4-1 are calculated 
using a conservative model approach which is relevant to 
safety evaluations and not consistent with the realistic 
approach to the assessment of environmental risks of 
normal operation and severe core melt accidents. 

The discussion of impacts of infrequent accidents and 
limiting faults, in both the original DES and the 
Supplement, addresses probabilities of occurrence 
qualitatively •. Yet, in the discussion of the more severe 
core melt accidents the probabilities of occurrence are 
quantified (Table 7.1.4-2). For consistency in the pre­
sentation of all envi~onmental risks, the probabilities 
of occurrence of infrequent accidents and limiting faults 
DBA's should also be provided. 

It is not clear wheth~r the risks listed in Table 7.1.4-5, 
Annual Average Values of Environmental Risks Due to 
Acc~dents, Include those from infrequent accidents and 
l~m~tlng faults (Table 7.1.4-2), postulated accidents 
(Table 7.2 of the original DES), and accidents leading to 
the PWR 1-9 release categories (Table 7.1.4-2). The risks 
should include all those from moderate frequency accidents, 
infrequent accidents, limiting faults and severe core melt 
accidents. Although the risk of the infrequent accidents 
and limiting faults is "judged to be extremely small" and 
appear to be overshadowed by the risk from core melt 
accidents, they should be fully presented. The risks from 
the more probable yet lower consequence accidents may 
indeed be significant to the individual risk and should be 
listed in the Supplement. It would also be beneficial to 
extend Figures 7.1.4-3, 7.1.4-5, and 7.1.4-7 to include 
the higher probability accidents. 

It would be helpful to provide a summary table of the 
annual average value of environmental risks from operation 
of all the reactors at the San Onofre site. The risks 
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should include all those from normal operations, moderate 
frequency accidents, infrequent accidents, limiting faults 
and severe core melt accidents. Both societal and 
individual risks should be presented. 

7.1.1.3 Health Effects 

The statement that a dose greater than about 25 rem is 
necessary before any physiological effects to an individual 
are clinically detectable should be reviewed. Information 
contained in a World Health Organization technical report 
No. 123 would seem to indicate that physiological changes 
can occur at exposures as low as 10 rem. 

7 .1. 3. 3 Emer9enc~v Preparedn~ 

It is unclear what is the basis of the statement, 
"Emergency preparedness plans including protective action 
measures for the San Onofre facility and environs are in 
an advanced, but not yet fully completed stage." The 
plans (seven) are at this date undergoing informal review 
by the Region IX Regional Assistance Committee (RAC). 
Thus, there has been no request for formal review, there 
has been no drill schedule established and there has been 
no full scale exercise. We do not concur in the Commission's 
statement that these plans are in an advanced stage. 

Table 7. L 4-5 

It is not clear from the information presented regarding 
risk and protective action that protective actions can be 
taken to reduce exposures by 10-20 times or in fact to 
prevent exposures determined by the State of California 
to be unacceptable considering the following: 

1. The emergency preparedness plans and protective 
action measures for the San Onofre facility are 
r.ot yet complete. 

2. The State of california does not use the EPA's 
Protective Action Guides (PAG's). 

In view of the above, we feel the statements made are 
premature. 

Figure 7.1.4-8 

This figure, "Relative Directional Risk to Individuals," 
might be a useful risk analysis. However, as presented, 
the figure is illegible and lacking in background infor­
mation. It should be presented more clearly, with an 

accompanying table or coding explaining the significance 
of the numbers. 

Decommissioning 

The cost of reactor decommissioning and replacement 
power costs are as large as the costs from the Three 
Mile Island accident. It would seem that these costs 
could significantly change the cost-benefit information 
originally provided in Section 13. Future EIS's or 
Supplements to EIS's should include an evaluation of 
these costs. 

SCE-SER 000575

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-2, Page 293 of 300
(584 of 2110)



~ 

San Diego 
ASSOCIATION OF 
GOVERNMENTS 
Suite 524. Security Pacific Plata 
1200 Third AWDUO 
San Diego. C.lifornia 92101 
17141236-5300 

Mr. Dino c. Scaletti 
San Onofre Project Manager 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Ccmnission 
Washington, OC 20555 

Dear Mr. Scaletti: 

Much 19, 1981 

On March 16, 1981, the Board of Directors of the San !'lie .;o Association 
oi Governments (SANDAG) adopted a resolution supporting :he operation of 
San Onofre Nuclear Power Plant Units 2 and 3 and requested the Nuclear 
Regulatory C011111i:;sion to grant an operating license for :hese units sub­
ject to federal regulations regarding thti safety of nuclJar p<'wcr plant 
operations and emergency planning for nuclear power plant nccidcnts. 
This resolution and the ·supporting staff report are attached. 

Please call me or have your staff call Steve Sachs of my staff if you have 
any questions_ about the Board of Directors action. 

~ f> ru~ fl:!r--
Executive Director 

RJH/SS/sc 

Attachments 

cc: Patricia Fleming, SDG&E 
Fred Massey, SCE 

t.1EMl~!·t- ···.a:r:''lt"!i.t.·l·• .. · :•'l.':·-:-. 
· .• ,11,•• ·,,.,. 

~
Swllllcjfn 
A.".•;o('J.\TI0:-1 01' 
(rtl\'F.RX~IE:-1'11' 

RESOLUTION 

RESOWl'I(:N SUPFOR!'Dl> '!HE Ol'ERATICtl 
or SAN CNOf'RE NUCIE.AA FI:M:R I?IAilT 

UNITS 2 AND 3 
SUBJECT ro rEDERAL Rml!ATIOOS Rroi\RDDX> 'niE 
SAfl:I'Y or NUCu:AA Po:l\'ER PIAtlT OPEAATICtlS AND 

D1ERGElCY PIJ\N!l!tx:i roR NOCIE.AA l'W.'T ACCIDE!ll'S 

No. a1-as 

Wll!:RFAS, the Ene!:<JY 2()00 Task Force, aP!Xlinted b!' Mayor Wilson 
of the City of ~ Diego, presented the conclusions and J.ea:r.tnendations 
of its ref(lrt to the S!;NIY;G Board 'of Directors on Februat y 23, ·1981; and 

Wll!:RFAS, .one of the reo:rmendations of the Energ; 2000 Task force 
is to SIJP!Xlrt the CO!q)letion and. q;eration of San Onof1·e Plants 2 and 3; ami 

Wll!:RFAS, San Onofre Units 2 and 3, if o::rnplete<'l and operated on 
schedule, will supply awroximately half of the addition< 1 electric:ty need£ 
forecast for the San Diego region between now and 1995; and 

WHERFAS, the Nuclear Regulatory Carmission will begin licensing 
hearings for San Onofre Units 2 and 3 in June 1981; and 

Wll!:RFAS, federal regulations ooncerning nuclear I :JWer plant safety 
and emergency reSf(lnse .planning will have to be Jret in 01 3e:r for a hcen:;,:, 
to be' granted; N:W 'lHEREroRE 

BE IT RESOLVED that the Board of Directors SIJP!Xltlts the q;eratioi1 
of San Q-lofre Nuclear Power Plant Units 2 and 3 and rec)\.*f;ts the Nuclear 
Regulatory Carmission to grant an q;erating license for tiler.e units subject 
to federal regulations regarding the safety of nuclear p::~r plant O!X'ra-· 
tions and emergency planning for nuclear plant accidents. 

PASSED AND AllOPTfD this 16th day of March 1981. 

.r & r -~ ATIEST: . SECRE RY ~
~"'/,, 
·~--· --·· :·--
AiflMI\N 

MEMBER AGENCIES: Cilift of Carlsbad. Chula Vista. Coron.acfn. 0..1 Mu. El Ctinn.lmf'll"ro11 ~ .. ",.... t 11._.• • • ,.,.. ... ,. 
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SAN DIEGO ASSOClATJO::\ OF 00\'ER!\l\lE!\'TS 

RESOLtrriO:-\ 110. _ __,::8:.;1_-3:..:6:._._ ___ _ DATE CU~SIDERED: 3/16/81 

-
AGENCY YES NO ABSEl\T ABSTAI:\ I 

' 
j 

CARI.SBAD X ! 
OllilA VlSTA X J 
OJROI\AOO X 

I DEL MAR X 

EL CAJON X 

IMPERIAL BEAOl X 

LA MESA X 

IDOl': GROVE. X 

NATIONAL CITY X 

OCEANSIDE X 

SAN DIEm X 

SAN MARCOS X ' 

SANTEE X 

VISTA X I 
TOTAlS 13 1 I --

J certify from personal observation and count that the above results ar~ an accurBt~ 
:record of the SANDAG Board of Directors vote and action. 

San Diego Association of Governments 

BOARD OF DIRECTORS 
DATE: March 16, 1981 AGENDA REPORT No.: 

CCl<SIDEMTION OF SUProRT FOR OP£AATIOO OF 
SAN OOOFRE: NUCLPJ\R J:aoi£R PLAN!' l.JNITS 2 AND 3 

Intt"OOuction 

R-95 

The Board requested this report as the basis for oonsidet·in<J a n;,,<>J.,ticn 
to support the operation of San Onofre Nuclear R:>wet Plant ll:1its ~ '"·,, 1 l. 
Three iJnj:Xlrtant j:Xlints the Board should <.:onsitler before takinq a P'·"' it •• .,. 
are: 

The risks to health and life of both pre&mt ancl future \JC'I.·~rat ;,,,,, 
and the costs of reducing these risks as~ociatcd with almo~t 
all aspects of the nuclear fuel cycle, ate extre·cly contrcJVersi.:ll. 
There is little scientific or technical consensu. on the severity 
of the risks and the effectiveness or col't of st: Ategies tn redw~·· 
these risks. 

San Onofre Units 2 and 3 would provide 440 M\'1 of e.\ect.ric [.Qo'el' 

to the San Diego region - almost one-half of lh·• ,)(J;litionill pow·!! 
requirments forecast to be needed between now <~nd l!/95 foi: Lhe 
Srx;&E Service Area by Srx;&P. and the Calif<>rnia P.r'Cr<JY Cnrmi::sion. 
These forecasts include the effects of exi.~;tinq "'ns~rviltio11 and 
alternative energy source pcograms which will t:educe electricity 
demand. Potential additional electricity supplhs and <.'Ons"rvati(•n 
and alternative energy sources which could result in a bala'1·~e be­
tween demand and supply over the next lD to 20 y<>~rs without San 
Onofre Units 2 and 3 have been identified (see at tachmcnt for a par­
tial list) but are not yet corrrnittcd. In sane c; """' tl:esr r<l<Jn'"" 
may be infeasible or unavailable. 

The construction of '>an Onofre Units 2 and 3 iG ••:'ilrlnq romletion. 
About one-half of the total $3.4 billion project.·':] c:--,n,;trur~t ion 
cost has been expende<'l. The plant is cun:ently t;\1C:l<Yt:g<Jing t'.S •. Nucle.oc 
Regulatory O::mnission review in order to obtain ,,, O[le!ciltinq license. 

It is my 

RECOMMENI:li\TION 

that the Board of Directors support tile operation of &-,n Jnofrr, Nuc:l ""' 
Power Plants 2 and 3 and request the Nuclear Requl'ltory c,mnission 
to grant an operating lic'lnse tor these units suo)ect: t:o f<x1eral n•n!l ltions 
regarding the safety of nuc!eilr pa.·;er p!ant operatwns ""d one• ·.Jen, y 
planning for nuclear plant accidents. · 
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Discussion 

San 01ofre Units 2 and 3 are scheduled to have a total c..1pacity of 2, 200 
megawatts (lfi) of electricity. SrG&E is a 20% partner in the pl<il. 
is therefore entitled to 440 lfi of the electricity generated. '!he otl.<:c 
l, 760. l<ti is scheduled to be used by Southerri California Edison Ccr.•peny 
(76%) and Municipal utilities servi11.9 the Cities ·of Anaheim and Riversicle 
(total of 4U • 

'!he !bclear Regulatocy Camlission (NRC) is the federal agency responsible 
for issui11.9 nuclear·~ plant operati11.9 licenses. '!he Nf<C ~·ill hold 
hearings on the license applications for san 01ofre Units 2 and 3 st<Jrting 
in June 1981. 

'!here are many environmental and econcmic issues relilttld tx> tJ e opcriltiun 
of san 01ofre Units 2 and 3 which include: 

Cost and reliability of nuclear pc::r.~er 
Risk of accidents fran. transport of uranilttl, <:oent nuclear 
fuel and operation of the plants. 
Cost of decommissioning the plants. 
Ability of the plants to withstand earthquakes. 
Hazards, cost and technical feasibility of long- :etm stora~c 

· of radioactive wastes. 
Scope and aiequacy of emergency plans to reduce i."adiatlon <'x­
posure i~ the event of an accident. 

At the licensing hearings iri June, it aPrkars that th£' most controversial 
issues will be the ahility of the plants to withstand cm·thqun1:,.:; '""' tb• 
adequacy of emergency planning in case of an ·accident that coulci imnecL 
surroundil1.9 areas. '!he Plant must meet federal standard.' in both of 
these areas before a license will be issued. 

"'*" 

~~"''"··!!<• .\S.-;1 K"I.\HO\ (II' RESOLUTION (;0\"EH:I:MEXTli 

RESOUJrlCN SUProR'l'lM:; WE OPERATIOO 
OF SAN CNOFnE NOCIZAR ECMER. l?U\m' 

UNITS· 2 AND 3 
SUBJECT TO FtttRAL REXm.I\TICNS ROOI\RDING THE 
SAFETY OF NUCIZAR roiEil. PU\m' Ol?ERA'!'ICtlS AND 

· et-IE:RGENCY·PU\NIII!l; ~"OR NOCLEAR PU\NT l\CCir:mTS 

No. Bl-36 

WllERE:AS, the Energy 2000 Task Force, appointed b: · Mayor Wil mn 
of the City of san Diego, presented the conclusions und lecmrncndati.ons 
of its report to the SANI:\1\.G Board of Directors on Februa1 y 23, 1981; and 

WllEilEAS, one of the t'eOO'I!lendations of the Enet"'Jy 2000 ·Task l'or<:e 
is to support ~ <nnpletion ancl operation of San Onofre Plant!• 2 a"l 3; ''"" 

WHE:RFJIS, San Onofre Units 2 ant'! :r, if canpl.:lte<i <·n•l opc•rat.<.'<l on 
schedule, will supply approximately half of the aclditional (·lcddcity ""L'I'l 
forecast ·tor. the San Diego region between ro.~ ancl 1995; and 

·WilEilEAS, the Nuclear Regulatory Catmission will begin licensing 
hearil1.9s £or-San Onofre Units 2 and 3 in· June 1981; and 

WHE!lF.AS, federal regulations concerning nuclear po11er plant :;afety· 
and emergency response planning will have to be met in ot :Jc•r for a licen:-..e 
to be granted; !Oi' 'lHEREFORE 

BE IT RESOLVED that the Board of Directo'!:s supper. ::s th<: nper-1tion 
of san Onofre Nuclear ~r Plant Units 2 and 3 ""d re<]\U:"<_ts the Nm:l·~r 
Regulatm:y Catmission to gr<mt an operating licc;lSe for ~~'""'' units ''uhj<.•ct 
to federal regulations regaming the safety of nltclear prii•m· plant n~r.;­
tions and emergency plannfn9 for nuclear plant accidents. 

PASSED AND l!OOPl'ID this 16th day of M3rch 1981. 

·--ATTEST; SECRETARY CIIAIRMIIN 

l!.Qt.llBAGENCIES..:....Ci.bt:S....o~~~~;-Dt~"EtCtjon,lffl(WttJI su,.h, La Ni~·~.~. (triuail"Gtn~X~,f'latlnnal CTtv. Ot1!<W'>ad~. 
-~ D$t00. San Marca, SaPllt and \/tata/Cx-olltC"tO Mtmblt. Cllifnrnia ~rtmttll of frantf)(WQttntllt~u·.,. Mtmh" lll'*'l. 8. Cf !'I 
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A'lTACDIErn' 
(Fran Energy 2000 Task Force 11eport) 

5a.JRCE; 

Potential Supply Alternatives 
For thf' SOO&E Service Area* 

1980-2000 

San <Xtofre 2 and 3 
Arizona (renelled contract) 
New llexl co (renewed contract) 
Washington (ren~€0 contract) 
Mexiro (purchase) 
Geothenna.l 
Blythe site 
Hydroelectric 
O:lgenerat.ion 
lnnd 

440 MW (nuclear) 
400 M\1' (imported) 
150 Mil' (in{)Orted) 
100 MW ( in!pOrt.ed: 
300 Mil' (imported) 
800 lfil' (geothenn< 1) 

1, 000 l!W (coal gasi fi caUon) 
34 Mil' (hytlroeleC"tric) 

100 Mil' (cogeneration) 

TOJ'AL 
30 Mil' (wind) 

:f,3541iW 

San Diego Gas and Electric Canpany, Septernbct· 1979 

*Sane of these sources may be infeasible or unavailable. l"or cxampJ.>, 
Arizona Public Service Canpany would have to agree to a· reneo.-Je<l cn:l­
tract for 400 1-&1 of importP.d power fran Arizona; tl1e fe .. sibility of lODO 
megawatts fran a coal gasitication plant at Blythe ha:; i;nL been pwv<.vl. 

y 

Southern California Edison Company 
,. o aox eoo 

ZlAA WALNUT GPIOVt: AVtNUf 

"OSEMEAD CALifl'OIIINlA. 117'10 

K. P. lASKlN March 24, 1981 """"''"'att• 01" MUCt.l•• C:NCliHIIC:IliHG, 
t••ITV, ANC L.ICCf<OSIWG 

Director, Office of Nuclear Reactor Regulation 
Attention: Darrel G. Eisenhut, Director 

Division of Licensing 
u.s. Nuclear Regulatory Conrnission 
Washington, D.C. 20555 

Dear Sir: 

Subject: Docket Nos. 50-361 and 50-362 
San Onofre Nuclear Generating Station 
Units 2 and 3 

References: Realistic Estimates of the Consequences of Nuclear Accidents, 
M. Levenson and F. Rahn, EPRI, November, 1980. 

This letter provides Southern California Edison Company's cor.ments to the 
Sup~lement to Draft Environmental Statement related to the operation of San 
Ono re Nuclear Generating Station Units 2 and 3 RUREG-0490. In our review of 
this document we have found two points whicn we feel are in need of further 
clarification prior to the issuance of a Final Environmental Statement. 

1. The following statement contained In Section 7.1.4.3, 

"The 200-rem whole-body dose figure corresponds approximately to a 
threshold value for which hospitalization would be indicated for the 
treatment of radiation injury. The 25-rem whole-body (which has 
been identified earlier as the lower lfm1t for a clinically 
observable phystolgical effect) and 300-rem thyroid figures 
correspond to the Conrnission's guideline values for reactor siting 
in 10 CFR Part 100." 

requires clarification, to prevent the statement from being misconstrued 
to state that San Onofre does not meet the Conrnission siting guide11_qes 
of 10 CFR 100. 

In order to clearly differentiate between the Class 9 accident and the design 
basis accidents used in the Conrnission siting criteria, specific clarification 
is needed. The traditional Design Basis Accidents (DBA's) are hypothetical 
and conservative scenarios, evaluated in accordance with regulations and other 
regulatory guidance. which define the required assumptions and methodology. In 
contrast, the Class 9 accident scenario is defined with no consideration of 
mitigation by engineered safety features, assumes highly conservative and 
consequence maximizing behavior of natural mitigation processes. Since the 
Class 9 acctdent uses much more conservative, unrealistic, assumptions, it. is 
not considered in the evaluation of reactor siting. 

s1o:ssoos 32 

Tll.ll ... •O"'I 
lfiJIU:t·J~OI 
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2. Although uncertainties in probability calculations are discussed in 
Sections 7.1.4.2 and 7,1.4.7 of the Supplement, the uncertainties in the 
source terms, and hence the consequences of the accident, are not 
discussed in either Section 7.1.4.3 or 7.1.4.7, These radiation source 
terms have been shown to be conservative by experiments performed at 
RocKwell, karlsruke, Oak Ridge National Laboratory, General Electric 
(Aircraft Nuclear Propulsion Department), Bettis National laboratory, 
Hanford National Laboratory, and tests performed in the Idaho Reactor 
Test Site. The results of these tests and experiments, sulllll8rized in a 
paper by M. Levenson and F. Rahn ot the Electric Power Research 
Institute, indicate that natural processes are operating which prevent 
the release of radioactive nuclides from molten nuclear reactor fuel 
(Reference 1). Dr. Chauncey Starr, former President of the Electric 
Power Research Institute advised the Commission, at the Co~m~issions 
November 18, 1980 meeting in Washington, D.C., that, 

"The important issue is that the initial review of this subject 
appears to indicate that under any conceivable realistic 
circumstance, the real source term is likely to result in risk to 
the public that is less by factors of 10 to 100 than that which was 
previously estimated." 

Using Dr. Starr's estimate of a realistic maximum release into the atmosphere 
would lower the consequences (acute fatalities and cancer deaths) from a 
Class 9 accident by 1 to 2 orders of magnitude. 

The Final Environmental Statement for San Onofre Units 2 and 3 should be 
accurate, concise, and not leave room for misinterpretation. Where 
applicable, a11 sources of error, and the relative magnitude of error, should 
be indicated. We hope that these cOIMients will help to make the FES for SONGS 
2 and 3 such a document. 

Very truly yours, 

)I)? /1-L· 
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INTERVENOR SOUTHERN CALIFORNIA EDISON’S 

SUPPLEMENTAL EXCERPTS OF RECORD:

TABLE OF CONTENTS

Documents from the NRC’s Certified Index of Record (Dkt. 27)

NRC 
Certified 
Index 
No.

Document Document 
Date

Vol(s). Page No.

31-33 Irradiated Fuel Management 
Plain
Post-Shutdown 
Decommissioning Activities 
Report
Decommissioning Cost 
Estimate 

Sept, 23, 2014 1 SCE-SER-00001

70 San Onofre Nuclear 
Generating Station, Units 2 
and 3 – Issuance of 
Amendment for Permanently 
Shutdown and Defueled 
Operating License and 
Technical Specifications

Jul. 17, 2015 1 SCE-SER-00144

2 NUREG-490 – Final 
Environmental Statement 
related to the operation of San 
Onofre Nuclear Generating 
Station, Units 2 and 3

Apr. 1981 2 / 3 SCE-SER-00287

34-35 NUREG-2157 – Generic 
Environmental Impact 
Statement for Continued 
Storage of Spent Nuclear Fuel 
(Excerpts)

Sept. 2014 3 SCE-SER-00649

46 NRC Review and Approval of 
the Irradiated Fuel 
Management Plan – SONGS

Aug. 19, 2015 3 SCE-SER-000773
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47 NRC Review of Post-
Shutdown Decommissioning 
Activities Report – SONGS

Aug. 20, 2015 3 SCE-SER-000784

79 Summary of Staff Review and 
Findings of the 2019 
Decommissioning Funding 
Status Reports from Operating 
and Decommissioning Power 
Reactor Licensees

Dec. 31, 2019 3 SCE-SER-000790

50 Division of Spent Fuel 
Management – Interim Staff 
Guidance – 2, Revision 2

3 SCE-SER-000801

44 NRC Safety Evaluation Report 
– Docket No. 72-1040 – HI-
STORM UMAX Canister 
Storage System 

Apr. 2, 2015 3 SCE-SER-000810

52 NRC Certificate of 
Compliance for Spent Fuel 
Storage Casks

Jan. 6, 2017 3 SCE-SER-000860

67 NRC Supplemental Inspection 
Report

Jul. 9, 2019 4 SCE-SER-000864

55 NRC Inspection Report – San 
Onofre Nuclear Generating 
Station

Aug. 24, 2018 4 SCE-SER-000914

49 NRC Inspection of 
Independent Spent Fuel 
Storage Installation – Callaway 
Plant

Oct. 30, 2015 4 SCE-SER-00953

52 Final Safety Analysis Report 
on the HI-STORM UMAX 
Canister Storage System

Jun. 29, 2016 5 /6 / 7 SCE-SER-001053

57 NRC (Errata) San Onofre 
Nuclear Generating Station –
Special Inspection Report

Dec. 19, 2018 7 SCE-SER-001710
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75 NRC San Onofre Nuclear 
Generating Station 
Independent Spent Fuel 
Installation Inspection Report 

Nov. 22, 2019 7 SCE-SER-001748

17 Division of Spent Fuel Storage 
and Transportation Interim 
Staff Guidance -1, Revision 2

7 SCE-SER-001768

36 Official Transcript of 
Proceedings – Nuclear 
Regulatory Commission – San 
Onofre Nuclear Generating 
Station Post-Shutdown 
Decommissioning Activities 
Report Hearing.

Oct. 27, 2014 7 SCE-SER-001779

60 NRC ISFSI Pad Surveys at 
SONGS

7 SCE-SER-001931

40 NUREG-1927 – Standard 
Review Plan for Renewal of 
Specific Licenses and 
Certificates of Compliance for 
Dry Storage of Spent Nuclear 
Fuel

8 SCE-SER-001935

13 IFST ISG-1, Rev.2, Division 
of Spent Fuel Storage and 
Transportation Interim Staff 
Guidance No. 1, Revision2, 
“Classifying the Condition of 
Spent Nuclear Fuel for Interim 
Storage and Transportation 
Based on Function”

May 11, 2007 8 SCE-SER-002060
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Appendix 8 

NEPA POPULATION DOSE ASSESSMENT 

Population dose commitments are calculated for all individuals living within 80 km (50 miles) of the 
facility employing the same models used for individual doses (see Regulatory Guide 1.109, in preparation). 
In addition, population doses associated with the export of food crops produced within the 80-km region 
and the atmospheric and hydrospheric transport of the more mobile effluent species such as noble gases, 
tritium, and carbon-14 have been considered. 

B.1 NOBLE GAS EFFLUENTS 

For locations within 80 km of the reactor facility, exposures to these effluents are calculated using the 
atmospheric dispersion models in Regulatory Guide 1.111 and the dose models described in Section 5.5 and 
Regulatory Guide 1.109. Beyond 80 km and until the effluent reaches the northeastern corner of the. United 
States, it is assumed that all of the noble gases are dispersed uniformly in the lowest 1000 m (3280 ft) 
of the atmosphere. Decay in transit was also considered. Beyond this point, noble gases having a half­
life greater than one year (e.g., Kr-85) were assumed to mix completely in the troposphere of the world 
with no removal mechanisms operating. 

Transfer of tropospheric air between the northern and southern hemispheres, although inhibited by wind 
patterns in the equatorial region, is considered to yield a hemisphere average tropospheric residence time 
of about two years with respect to hemispheric mixing. Since this time constant is quite short with 
respect to the expected mid-point of plant life (15 years), mixing in both hemispheres can be assumed for 
evaluations over the life of the nuclear facility. This additional population dose commitment to the U.S. 
population was also evaluated. 

8.2 IODINES AND PARTICULATES RELEASED TO THE ATMOSPHERE 

Effluent nuclides in this category deposit onto the ground as the effluent moves downwind, which con­
tinuously reduces the concentration remaining in the plume. Within 80 km of the facility, the deposition 
model in Regulatory Guide 1.111 was used in conjunction with the dose models in Regulatory Guide 1.109. 
Site-specific data concerning production, transport, and consumption of foods within 80 km of the reactor 
were used. Beyond 80 km, the deposition model was extended until no effluent remained in the plume. 
Excess food not consumed within the 80-km distance was accounted for, and additional food production and 
consumption representative of the eastern half of the country was assumed. Doses obtained in this manner 
were then assumed to be received by the number of individuals living within the direction sector and 
distance described above. The population density in this sector is taken to be representative of the 
eastern United States, which is about 410 persons per km2 (160 persons per mi 2 ). (This approach is 
conservative for San Onofre because population densities in the western United States are considerably 
lower than those in the eastern portion.) 

B.3 CARBON-14 AND TRITIUM RELEASED TO THE ATMOSPHERE 

Carbon-14 and tritium were assumed to disperse without deposition in the same manner as krypton-85 over 
land. However, they do interact with an atmospheric residence time of 4 to 6 years with the oceans being 
the major sink. From this, the equilibrium ratio of the carbon-14 to natural carbon in the atmosphere was 
determined. This same ratio was then assumed to exist in man so that carbon-14 to natural carbon in the 
atmosphere was determined. This same ratio was then assumed to exist in man so that the dose received by 
the entire population of the United States could be estimated. Tritium was assumed to mix uniformly in 
the world's hydrosphere, which was assumed to include all the water in the atmosphere and in the upper 
70 m (230ft) of the oceans. With the model, the equilibrium ratio of tritium to hydrogen in the 
environment can be calculated. The same ratio was assumed to exist in man, and was used to calculate the 
population dose, in the same manner as with carbon-14. 

8.4 LIQUID EFFLUENTS 

Concentrations of effluents in the receiving water within 80 km of the facility were calculated in the 
same manner as described above for the Appendix I calculations. No depletion of the nuclides present in 
the receiving water by deposition on the bottom of the Pacific Ocean was assumed. It was also assumed 
that aquatic biota concentrate radioactivity in the same manner as was assumed for the Appendix I 

B-1 
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evaluation. However, food consumption values appropriate for the average individual, rather than for the 
maximum, were used. It was assumed that all of the sport and commercial fish and shellfish caught within 
the 80-km area were eaten by the U.S. population. 

Beyond 80 km, it was assumed that all of the liquid effluent nuclides except tritium have deposited on the 
sediments so they make no further contribution to population exposures. The tritium was assumed to mix 
uniformly in the world's hydrosphere and to result in an exposure to the U.S. population in the same 
manner as discussed for tritium in gaseous effluents. 
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Appendix C 

EXPLANATION AND REFERENCES FOR BENEFIT-COST SUMMARY 

C.l ECONOMIC IMPACT OF STATION OPERATION 

C.l. 1 Direct benefits 

C. 1. 1.1 Energy 

2114 MWe x 1000 kW/MW x 365 days x 24 hr/day x capacity factor (0.5 or 0.7). This product 
ranges from 9.3 x 109 kWhr/year (0.5 capacity factor) to 13.0 x 109 kWhr/year (0.7 capacity 
factor). 

C.l. 1.2 Reduced regional oil consumption 

Section 8.3.1 shows that the applicants primarily have oil/gas fired units, which would have to be 
operated to a greater extent if SONGS 2 & 3 are not operated. The additional fuel oil consump­
tion (assuming a 50% capacity factor for the nuclear units) is calculated as follows: 

9.3 x 109 kWhr • 9,000 Btu/kWhr • 1 bbl oil = 13 .2 x 106 bbl oil. 
6.29 X 106 Btu 

C.1.2 Economic costs 

C. 1.2.1 Fuel 

From Sect. 8.3.1, the staff's estimate of fuel cost is $10.8 per megawatt-hour in 1983. 
Assuming a 60% capacity factor or 11.1 x 106 MWhr/yr gives the value in Table 10.1. 

C.l.2.2 Operating and maintenance 

Using the staff's OMCST computer code, operating and maintenance costs are estimated to be 
4.05 mills/kWhr at 60% capacity, which multiplied by 11.1 x 109 kWhr/year gives the values in 
Table 10.1. 

Decommissioning: Based on estimates given in Sect. 9.4, the cost of decommissioning each unit 
will be $66.7 million in 1978 dollars or $85.4 million in 1980 dollars at the end of the useful 
life of the plant. If this value is discounted from 2013 to 1983, then annualized over a 
30-year life assuming a real interest and discount rate of 4.76%, and then multiplied by 2 units, 
the value in Table 10.1 is obtained. 

C-1 
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APPENDIX D 

CULTURAL RESOURCES 
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STATE OF CALIFORNIA-THE RESOURCES AGENCY 

DEPARTMENT OF PARKS AND RECREATION 
P.O. BOX 2390 
SACRAMENTO 9!1811 

(916) 445-8006 
DEC 18 1980 

Mr. Oino Scaletti 
Environmental Projects 
Division of Site, Safety, 

and Environmental Analysis 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Scaletti: 

San Onofre Nuclear Generating Station, 
Units #2 and #3, Operating License Stage 

EDMUND G. B~OWN JR., Governor 

My staff has recently completed review of the "National Register Assessment 
Program of Cultural Resources of the 230 KV Transmission Line Rights-of-Way 
from San Onofre Nuclear Generating Station to Black Star Canyon and Santiago 
Substation and to Encina and Mission Valley Substation", prepared by WESTEC 
Services, dated September 1980. 

In accordance with the provisions of the Advisory Council on Historic 
Preservation's Procedures set forth in 36 CFR 800, Section 106 of the National 
Historic Preservation Act of 1966 and the Memoranda of Agreement of October 29, 
1979, I have the following comments to offer: 

1. Based on the information I have been provided, I concur that the 
following sites are not eligible for National Register of Historic 
Places: CA-Ora-419, Ora-823, Ora-786, Ora-787, Ora-700, Ora-782, 
Ora-784, Ora-785, Ora-832, SDi-6693, SOi-6131, SOi-5444, SOt-6136, 
SDi-6137, SDi-6150, SDi-6151, and SOi-6152. 

2. Sites CA-Ora-640, Ora-458, and SDi-6133 are outside the area of 
potential environmental impact for this undertaking. 

3. I do not concur that site CA-Ora-824 is not eligible for the National 
Register of Historic Places. I feel that this site may be eligible 
based on Bean and Vane's findings in 1979 that this site possesses a 
high potential for significance. 

4. I concur that the following sites are eligible for inclusion in the 
National Register as important components of the proposed San Joaquin 
Archeological District: CA-Ora-495, Ora-496, and Ora-499. 

5. The following sites have been determined eligible for inclusion in 
the National Register as important components of the Upper Aliso 
Creek Archeological District: CA-Ora-447, Ora-438, and Ora-725. 

6. The following sites should also be included as eligible properties 
within the Upper Aliso Creek Archeological District: CA-Ora-905, 
Ora-828, Ora-825, Ora-826, and Ora-827. 

D-1 
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7. I concur that the following sites are eligible for inclusion in the 
National Register as significant components of the proposed Santiago 
Creek Archeological District: CA-Ora-829, Ora-830, and Ora-831. 

8. I concur that the following sites are eligible for inclusion in the 
National Register as significant components of the proposed Agua 
Hedionda Archeological District: CA-SDi-6135, SDi-6133, and SDi-6140. 

9. I also concur that the following sites are locally significant and 
are eligible for the National Register under Criterion "d" 
(36 CFR 1202.6): CA-Ora-498, SDi-4538, SDi-6130, SDi-6138, and 
SDi-6149. 

10. Formal determinations of eligibility for these sites and districts 
should be sought from the Keeper of the Register in accordance with 
36 CFR 1204. 

11. I concur with the report's findings that this undertaking will have 
No Effect on eligible sites CA-Ora-905, Ora-828, Ora-826, Ora-827, 
Ora-829, and SDi-4538. 

12. I concur with the report's findings that operation and maintenance 
(O&M) of access roads will affect the following eligible sites: 
CA-Ora-498, Ora-824, Ora-495, Ora-447, Ora-496, Ora-499, Ora-825, 
Ora-725, Ora-830, Ora-831, and SDi-6130. However, I feel that there 
will no No Adverse Effect on these resources if one of the two 
following conditions can be met: 

a. Access roads can be covered with a chemically inert, visually 
distinguishable fill within the boundaries of these sites in a 
manner which will preclude future ground disturbance of the 
cultural deposit during future O&M activities on access roads, 
or; 

b. O&M activities can be restricted to access roads, and the 
remaining research potential of surface artifacts within the 
provenience of existing access roads can be used to define the 
important factors which should be considered in determining the 
effects of continued disturbances as proposed in the Cultural 
Resource Management Plan on page 359 of the subject report. 
This program should be oriented towards defining the value of 
research potential and the effects that various activities may 
have on disturbed surface sites in similar environmental 
contexts. The program should also be responsive to the Advisory 
Council's Supplementary Guidance for Treatment of Archeological 
Properties supporting a No Adverse Effect Determination. 
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13. The information I have been provided indicates that undisturbed 
cultural deposits will be affected by O&M of access roads in the 
vicinity of site CA-Ora-438. However, it is my opinion that there 
will be No Adverse Effect if one of the two following conditions can 
be met: 

a. Access roads can be covered with a chemically inert, visually 
distinguishable fill within the boundaries of this site in a 
manner which will preclude future ground disturbance of the 
cultural deposit during future O&M activities, or; 

b. O&M activities can be restricted to access roads, and a Data 
Recovery Plan is implemented in accordance with the Advisory 
Council's Supplementary Guidance for Treatment of Archeological 
Properties supporting a No Adverse Effect Determination. The 
rationale for this recommendation is stated in the above 
referenced Guidance on pages 10 and 11, "An Undertaking may be 
taken to have no adverse effect ••• if the agency is committed to 
a data recovery program ••• if ••• the property is shown to be 
subject to destruction and deterioration regardless of the 
undertaking, so the agency's action is only slightly hastening a 
process that is inevitable in any event. 11 

14. O&M activities and construction will have an effect on sites 
CA-SDi-6135, SDi-6138, SDi-6149, and SDi-6140. However, it is my 
opinion that there will be No Adverse Effect on these sites if a Data 
Recovery Plan is implemented in accordance with the Advisory Council's 
Supplementary Guidance for Treatment of Archeological Properties 
supporting a No Adverse Effect Determination. The rationale for this 
recommendation is the same as that cited in Item 13.b. above. 

15. Concurrence of these determinations of effect should be sought from 
the Advisory Council in accordance with 36 CFR 800.4.c. 

If you should have any questions, please contact Daniel Bell of my staff at 
(916) 322-8702. 

Sincerely, 

/<PV~~ 
Or • Knox Me 11 on 
State Historic Preservation Officer 
Office of Historic Preservation 

D-63170 
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cc: Mr. L. Jack Brunton 

D-4 

Licensing and Environmental Department 
San Diego Gas and Electric Company 
P.O. Box 1831 
San Diego, CA 92112 

Mr. David White 
Southern California Edison Company 
P.O. Box 800 
2244 Walnut Grove Avenue 
Rosemead, CA 91770 

Ms. Lesley C. McCoy 
Cultural Systems Research, Inc. 
8470 Via Sonoma, #32 
La Jolla, CA 92037 

Ms. Roxanna Phillips 
WESTEC Services, Inc. 
3211 Fifth Avenue 
San Diego, CA 92103 

Mr. Charles Niquette 
Advisory Council on Historic Preservation 
Lake Plaza-South, Suite 616 
44 Union Boulevard 
Lakewood, CO 80228 
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C:AUFORNIA C:OASTAL COMMISSION 
631 Howard Street, Son Francisco 94105-(415) 543-8555 

TO: State Commissioners 

FROM: Michael Fischer, Executive Director 

SUBJECT: Report of San Onofre Nuclear Power Plant Marine Review C0!11111ittee 
(For Commission consideration at theFebruary 17-19Meeting.) 

summary 

The 1974 permit for the san onofre Nuclear Power Plant's Units 2 and 3 established 
a three member Marine Review Committee (MRC) to study the effects of the Plant's 
oooling system on ocean life and to make recommendations to the Commission. Units 
2 and 3 of the Plant are not yet operational. The MRC has submitted a report 
(conclusions attached) predicting affects on fish, kelp, plankton and other ocean 
lifo. The MRC recommends against any des.ii:gn changes to the coolin<; sustem at this 
time. Staff recommends the Commission take note of the MRC reco~m~~enda.tions and 
endorse a future monitoring program to determine actual effects on ocean life in the 
future after system operation. If substantial adverse effects are found, the Com­
mission can impose desiqn or operational chenges or mitigation me~sures, based on 
MRC recommendations. But, given MRC predictions, major syste~ design changes in the 
future· seem unlikely. 

Background 

The Commission's predecessor Coastal Zone Commission approved the construction of 
Units 2 and 3 of the San onofre Nuclear Generating Station (SONGS•!· on February 20, 
1974 (Permit No. ·183-73). Condition B of the Permit provided for the establishment 
of an applicant funded Marine Review COmmittee (MRC) co~posed of an appointee of 
the State Commission, an appointee Of Southam california Edison OomP4ny, and an 
appointee of the appellants. The appellants are coordinated by Friends of the Earth. 
The Condition provides for the MRC to undertake a •comprehensive and contin¢.ng study 
of the marine environment offshore from san onofre ••• to predict, and later to measure, 
the effects of San onofre Units 2 and 3 on the marine environment ••• " (Condition Bl). 

The MRC can make recommendations to the COmmission, based on MRC studies, and the 
recol!lm<lnda.tions ca.r:~ include changes that the MRC believes necessary in the cooling 
system for Units 2 and 3. This cooling system takes in large amounts of seawater to 
cool the units and then discharges the he~ted water back to the ocean. Condition B6 
of the Permit states: 

Should the study at any time indicate that the project will not comply 
with the regulatory requirements of State or Federal water quality agencies, 
or that substantial adverse effects on the marine environment are likely to 
occur, or are occurring, through the operation of Units 1, 2, and 3, the 
applicants shall immediately undertake such modifications to the cooling 
system as may reasonably be required to reduce such effects or comply with 
such regulatory requirements (which can be made while construction is going 
on and could be as extensive as requiring cooling towers if that is the 
reCOSllllenda.tion) • The State C0!11111iasion shall then further condition the 
permit accordingly. 

- 2 -

Thus; the Commission can impose new conditions on the cooling system only if the 
conditions are based on MRC recommendations and the Commission judges the conditions 
to be "reasonable". New conditions can be based only on an MRC finding that "sub­
stantial adverse effects on the marine environment are likely to occur, or are 
occuring, through the operation on Units l, 2, and 3 •••• • 

Since its beginning, the MRC has submitted a number of reports to the Commission. 
After receiving an MRC report in mid-1979 the Commission, at its November 21, 1979 
meeting, asked the MRC to take one final "best shot" at predicting effects on the 
marine environment prior to the start of Nuclear Regulatory Commission (NRC) hearings 
on the operating license for Units 2 and B. The MRC has now submitted that report, 
KRC Document 80-04(1). The conclusions are attached to this staff report, and the 
MRC will present the conclusions to the Commission at its January 20-22 meeting. 

Staff Analysis 

The Marine Review Coaunittee has, over the last six years, conducted monitoring and 
predicting studies that seem to be as comprehensive and thorough as possible given 
the state-of-the-art in predicting effects on the large and 'dynamic nearshore ocean 
environment. It is possible that the square kilo~eter offshore SONGS is the most 
heavily sampled and studied patch of tho ocean anywhere. Predicting the effects 
of the SONGS cooling system on o~ean life has had to face a number of inherent 
difficulties, including: understanding the lite eycles of ocean organisms; obtaining 
enough samples ovar a long eno~qh time period to enable statistical analyses; devel­
oping quantitative models of water flows, turbidity and population dynamics; and, 
most important, attempting to separate out effects or likely effects of·the cooling 
system from other major factors affecting ocean life, including storms, water 
temperature and chemistry changes, fishing, changes in nutrient levels, changes ln 
migratory habits, and natural population fluctuations. 

Design Changes. The MRC has needed to use models and numerous assumptions in 
assessing possible effects on liv.inq ocean populations. suchexercfsescan give 
scenarios, but not high confidence predictions. The MRC report consequently presents 
a number of estimates o£ future effects on fish larvae, small shrimp, plankton, and 
and a kelp bed. It does not, however, state that these effects are likely or certain 
~o occur, and, therefore, it does not state that "substantial advorse effects on the 
marine enviroment are likely to occur", as required in Condition B6 for modification 
of the cooling system. The report, then,explicitly recommends against design changes 
in the cooling system at this time, while stating "it is possible that we have 
grossly underestimated tha ecological consequences of SONGS Units 1, 2, and 3" (Page 7). 
The actual effects can only be determined through monitoring the ocean environment 
after the Units bec~me operational. The MRC has extensive results frompre~operational 
sampling and data collection and will be in a position to implement a useful post­
operational monitoring program. Staff is therefore recommending the Commission 
endorse a continued MRC monitoring program and ask that the program design and budget 
be submitted to the Commission. If the MRC finds "substantial adverse effects" the 
Commission may still impose conditions accordingly. 

Mitigation. one such condition could involve mitigation for damage determined by 
the MRC. The Commission directed the MRC to explore mitigation alternatives. This 
last attempt at predictions has taken up most MRC time, and the MRC report states it will 
recommend to the Commission which mitigation measures, in addition to artificial 
reefs for kelp, should be examined. 
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Radiological~, Monitorinq. A 1979 MRC report detailed a number of inadequacies in 
the radiological monitoring program in the ocean uound SONGS. The Commission 
directed staff to report these inadequacies to the SOuthern california Edison co., the 
NUclear Regulatory Commission, and the california Department of Health Services 
and to pursue remedies. SCE has since revised its radiological 1110nitoring program 
extensively and has submitted it to the NRC. Both the NRC and the MRC author of the 
previous report are evaluating the revised program at present. 

staff Recommendation 

Staff recommends the Collllllission adopt the following resolution: 

The Commission thanks the Marine Review COmmittee for the report "Predictions of 
the Effects of San onofre Nuclear Generating Station and RecolDIIIIIndations", adopted 
unaniiiiOusly by the members of the MRC. The Commission notes that the MRC doss not 
predict: at this ti1!18 that substantial adverse effects on the marine environment: are 
likely to occur fron the operations of the SONGS cooling system, and that the MRC 
recommends against system design changes at tthis tims. However, the Commission also 
notes that the MRC states it may have grossly underestimated these effects. The 
Commission agrees, therefore, that the MRC should conduct: a comprehensive and 
thorough monitoring program of the· effecta after SONGS becomes operational and 
requests that the MRC submit the design and cost of such a program to the Commission. 
If such monitoring discovers substantial adverse effects on the marine environment, 
the Commission can, at that time, based on MRC recommendations, impose new conditions 
including design or operating changes or mitigation measures. The Commission recog­
nizes, given the MRC predicted effects of the cooling system, that future imposition 
ol! any major design changes to the cooling system is unlikely. 

maril.le review committee 

November 17, 1980 

Mr. Bill Ahearn 
california Coastal Commission 
4th Floor 
631 Boward Street 
Sen Francisco, california 94105 

Dear Bill: 

0/flu: (806} 961-3104 
DVT.OFBIOLOclCAL SCIENCES 
VNIV£1WTT OF CAUFOIINIA 
SANTA liAIIBAliA, CA IIJ/01! 

m1J@lill~JID 
NOV ~t 1980 

CAI.IFORNIA 
COASTAL COMMISSION 

This letter formally transmits to the California Coastal Collllllisaion, under 
separate cover, the Marine Review Committee's predictions concsrning the 
effects of San Onofre Units 1, 2 and 3 upon the marine ecosyst~. The 
Rsport also contains a study of options snd a set of recommendations to 
the Collllllisaion. These predictions and recommendations have been agreed 
upon unanimously &y the Committee. The Appendices vill follow in approxi­
mately two weeks. 

A later report will discuss mitigation in more detail. 

Yours sincerely, 

62--.c.~ 
Rimlllon c. Fay (/ 

&~ 
/Vt~ 
William W. Murdoch 
(Chairman} 
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REPOII.T OF THE lWWIE IIEVI!W COtiiiTTEE 
TO THE CALIFORNIA COASTAL CCHfiSSION~ 

PREDICTIONS OF THE En'ECTS OF 
SAil' ONOFRE NUCLEAA Gl!NEitATING STATION 

AII'D RECOMMElfDATIO!IS 
PAllT I: RECOMMElfDATIOMS, PREDICTIONS, AII'D RATIONALE 

Marine Review Committee 

William W. Murdoch, Chairman 
University of California 

Byron J. Mechalas 
Southern California Edison Company 
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Pacific Bio-Marine Labs, Inc. 
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INTtlODUCTION 

Tbe Marine Raviev Committee waa charged, in Permit llo. 183-73 of the 

California Coastal Commission, to carry out "a comprehensive and continuing 

study of the marine envi1'0!1111e11t offshore from San Onofre • • • to predict, 

end later to measure, the effects of San Onofre Units 2 and 3 on the marine 

environment, • • • in a manner tbat vi11 result in the broedeat possible 

consideration of the effects of Units 1, 2 and 3 on the entire marine 

environment in the vicinity of San Onofre." Tbia Raport responds to tha 

charge to predict the effects of Units 2 and 3. 

San Onofre Nuclear Generating Station (SONGS) Unit 1 has been opsrating 

since 1968. Almost ISO billion gallons of seawater per year circulate 

through the Plant. Water flows in. through a sing.le intake and is discharged 

through a sing.le discbarge pipe .at l9°F above the intake temperature. Tbe 

construction of SONGS Units 2 and 3 is virtually completed. Each has a 

sing.le intake, each draWing in seawater at a rate of 830,000 gallons per 

minute, whith Will result in an estimated flov of allllost 700 billion gallons 

per year. Each also discharges its heated effluent through a series of 63 

diffuser ports set along e kilometer-long pipe that tapers from 18' to 

10'-14' in diameter (Figura 1, Maps 1 and 2). Tbis discharged water moves 

rapidly towards the surface, entraining and moving with it roughly 10 times 

its own volume of water. As it spreads, this water mass moves various dis­

tances offshore, depending upon the prevailing currents. HRC baa measured 

these currents, and Southern California Edison baa produced a physical 

model of SONGS' water 1110vemant. 

-2-

l'he effects of the cooling system of Unit 1 upon the marine ecosystem 

were described in MB.C Annual Reports for 1978 and 1979. l'he documented 

effects are reatricted to a region Within a kilometer or two of SONGS. In 

seeking to predict the effecte of Units 2 and 3, HRC has looked at the loss 

·of organiliiiiS taken into the intakes, the possible losses caused by water 

movements driven by tha diffuser plumes, and the effects of the diffusers 

and beat treatments on the physical environment, and hence upon the biota. 

l'he predictions presented in this Report are in· moat cases close to 

final. Although we can and Will obtain some more information on the major 

parts of the ecosystem near SONGS before Units 2 and 3 begin operation, ve 

have obtained moat of the information it is possible to obtain with a faaa­

ible axpenditure of effort. 'IIbera major uncertainties remain, further study 

vill not in general resolve them; they are largely an inescapable result of 

the t>ractical difficulties in studying real ecological systems, and of tha 

nature of such systems. l'ha ezceptions are kelp, where future -.rork should 

provide more, and :lmportant, information, and some modelling studies that 

have not yet been completed. At this point, however, future -.rork on predic­

tions is aimed mainly at guiding our monitoring studies. 

Following this Introduction, the Report presents our recom=andations. 

Tbere follows a brief statement of predictions for each major part of the 

cOI!ImUDity, and a more extensive Rationala, which explains how we arrived at 

the predictions. l'he Rationale unavoidably contains soma technical discussion, 

but we have tried to write it so that the reader unfamiliar With the study 

can follow it. Finally, a aeries of separate Appendicaa accompanies this 

Report. Tbese appendices are the reports of various contractors, and 
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analyses (by MRC and its consultants) of a number of difficult technical 

issues. The Rationale refers to those Appendices, where necessary, by proj-

ect, number and, if appropriate, page number. 

We would like to stress two findings that have general importance for 

management of and planning for nearshore coastal waters in California. 

First, we reiterate a previous conclusion that, in open coastal situations, 

a diffuser design is likely to he ecologically more damaging than a single 

point discharge, even though the latter would ~alate present State thermal 

discharge standards. 

Second, we have recently obtained evidence that the early (larval) 

stages of nearshore sport and commercial fish species (e.g. bass, halibut) 

are particularly sparse very close to shore, while the larvae of fodder fish 

species are abundant tight into shallow waters. Fodder fish populations are 

probably better able than sport and commercial species to withstand addi­

tional mortality on their larval stages. If this pattern holds along the 

whole California coast, it should be used as basic information in future 

planning - e.g. the placement of intakes and outfells. This is not a blanket 

recommendation for placing structures close to ahara, but rather a recommenda-

tion to weigh the possible losses of fish larvae in such decisions. 

-4-

OPTIONS AND RECOMMENDATIONS 

Options 

San onofre Kalp bed (SOK) and nearshore fish populations are ths major 

parts of the marine ecosystem that SONGS Units 1, 2 and 3 could significantly 

ham. Mysids, and perhaps zooplankton, are of less direct interest to 

society, but they also might sustain significant and quite large impacts. 

Io the light of the predictions, MRC reviewed a number of possible recom-

mendations that could be made to the Commission: 

1. Make no design changes at this time. Monitor the effects. 

2. Make no design changes at this time. Examine the feasibility of 

mitigating some or all of the effects, with a ~ew to recommending mitiga-

tion measures to the Commission. 

3. Extend the intake pipes to beyond the 30 meter depth. 

4. Redesign the diffusers of Units 2 and 3, to convert them to single 

point discharges, located either 4 to 5 km offshore or very close inshore. 

5. Convert the once-through cooling system to cooling towers. 

Option 1 would raquire only a monitoring program, which would be 

carried out over several years to determine the effects of SONGS on the 

marine ecoeystlllll. This progrlllll, in addition, would generate important 

information for future coastal planning, and would test bow well we can 

predict the ecological consaquences of a ujor coastal installation. 

Option 2 l!IRC has completed a short "paper" feaaibility study of cer­

tain kinds of titigatioD (Mitigation Appandix). This study describes 

various Nthoda of aahancing tiM production of economically important 

species, such as reef fish cd abalone. Sout!Mrn california l!dison has 
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established an experimental reef aimed at producing a kelp bed and associated 

organisms, including fish and abalone. Other mitigation measures may be 

feasible. 

It should be atrelised that mitigation eould not be expeeted to replace 

completely the biota lost through SONGS' operation. San Onofre Kelp bed 

could perhaps be replaced by a similar kelp bed, but fish losses would 

probably be replaced (partially) by a somewhat different mix of species. 

Lost mysids and planltton are not likely. to be replaced by any known mitiga­

tion measure. k/l adequate mitigation study would therefore need to address 

the acceptability of "replacing" losses of one species by increasing the 

production of another. 

option 3 The possibility of extending the intakes out to deeper water 

was suggested previously ~ 1979 Interim Report) as a means of (1) reducing 

the turbidity of intake water, so that the effects on SOK would be reduced, 

and (2) reducing the kill of nearshore fish larvae. With regard to aim (1), 

the turbidity study (Turbidity Appsndix) suggests that much of the turbid 

water passing over SOK will originate at the inshore segment of tha diffusers 

and will be carried offshore by secondary utrainment, so that the gain from 

changing the intakes would be relatively small. li'ith regard to aim (2), our 

recent analyses show that the larvae of nearshore sport and eo111118rcial 

species are relatively sparse iu the present intake area, and are quite 

dense out to about 7 km offshore. The gain in moving the intakes offshore 

would therefore be 111Bin1y a reduction in fodder fish kills, while we would 

likely kill !!2!!. of sport cd c011111111rcial species. 

option 4 The diffusers carry turbid water over the kelp bed. They 

-6-

also wUl cause an unknown, but probably significant, amount of 1110rtality 

in mysida, plankton and fish larvae. A single point discharge would greatly 

reduce this latter 1110rtality, and moving the discharge either close inshore 

or further offshore would re1110ve the kelp bed from the influence of the dis­

charge. A single point discharge would violate the State thetl!lal tolerances, 

but Ml!.C balievea this would cause much less ecological damage than the 

diffusers. ·It might be possible to make practical use of the waste heat 

from an iushore discharge. Ml!.C has not evaluated in detail the ecological 

consequences of these two alternatives. 

Rec011111l81ldations 

li'e recommend Options 1 and 2., and recommend against design changes at 

this time (Options 3, 4 and 5). 

Monitoring is needed to measure the effects of Units 1, 2 and 3, as re­

quired by the Permit. It is also esssntial that the effects are measured 

and compared with Ml!.C's quantitative predictions. Part of our study is a 

unique effort to make such predictions, and it is only by testing them that 

we can determine if such prediction is possible, how accurate it is, and 

what changes are needed to make better predictions in future planning. Pre­

dictions of probable effects, whether made explicit or not, are of course 

an integral part of all coastal planning. 

Ve also recommend that MRC's remaining and ongoing prediction efforts 

be completed. These are now small studies. Such quantitative predictions 

are illlportant, not only in themselves, but as a guide to the future monitor-

ing program. 

It is important to monitor the success of Southern .California Edison's 

experimental reef, now established some 5 km south of SONGS. The evidence 
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on the efficacy of reefa, especially aa a baais for new kelp beds, is equivo­

cal and in contention, and this experiment will allow us to judge the best 

available California reef technology. MRC will present to the Commission, 

at a later date, a recommendation on whether or not other mitigation measures 

should be examined. 

We recommend against moving the intake pipes (Option 3), for the reasons 

given under that Option. We also recommend against Options 4 and 5 at this 

time. Destruction of the offshore portion of the kelp bed is a major pos­

sible effect of the diffusers. However, at this moment we are not certain 

this will occur, and it is also possible that the effect could be mitigated. 

Some mitigation of fish losses may also be possible. 

It is possible that we have grossly underestimated the ecological con­

sequences of SONGS Units l, 2 and 3. If monitoring proves this to be the 

case, we will re-examine the possibility of recommending major design changes. 

-8-

PREDICTIONS 

!1§!!. 

Introduction 

Most fish caught in Southern California are netted by commercial 

fishenen, and most come from fishing areas more than a few ldlometers off 

the coast. By contrast, most sport fish in Southern California are caught 

close to the land - within the 33 California Fish and Game "fishing blocks" 

that are contiguous with the shore. In this Report we are concerned mainly 

with those sport fish and with commercial catches taken close to shore, for 

it is only this nearshore group of fish that SONGS is expected to affect. 

In evaluating the predictions, therefore, it should be kept in mind that 

SONGS is not expected to influence the great bulk of the fish populations 

that are harvested by California fishermen. 

The species that concern us are fish that live as adults mainly within 

about 4 or 5 km of shore and that produce planktonic (drifting) eggs and 

larvae in the same zone. Among these species there are two groups: the 

nearshore sport and commercial species, the harvest of which is ~de up 

mainly by halibut, white seabass, kelp bass and sand bass, and the nearshore 

fodder fish (or forage fish) that form a major portion of the prey of the 

sport and commercial species. 

In the predictions, we present various numbers to help the reader 

evaluate the likely effects of SONGS. It is easy to misinterpret these 

numbers, and we give here some essential background information. If we know 

the abundance and sizes of all of the halibut, say, in some area along the 
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coast, we can calculate the total living weight (biomass) of halibut in that 

region. This is called the standing~· Each year, there are additions 

to this standing stock - some individuals that were larvae grow up to become 

adults, and many of those already adult grow and gain weight. If we could 

add up all the accumulated growth (in weight) we would be able to say how 

much .!!!!!!!. bi011111as bad been added to the population. This is the .!!!!!!!!!!. produc­

~ of new halibut tissue. We cannot estimate this directly, but a general 

rule of thumb is that a sport and com=ercial population gains about 60% of 

its standing stock weight per year. If our harvesting techniques were per­

fect we could take all of this production each year as harvest, and keep the 

standing stock steady from one year to the next. However, inevitably some 

fish die of disease and parasites, others are eaten by predators, and so on. 

The annual harvest, therefore, ·is always less than the .!!!!!!.!!!!. production. 

In these nearshore sport and commercial species near San Onofre we estimate 

the harvest is roughly a quarter of production. 

As long as the harvest plus other factors do not take more than the 

annual production, the population will not decline. However, if, on average, 

harvest plus other losses are greater than production, the population will 

decline. If they are leas than production, the population will increase, 

until it approaches a l:lmit (say its food supply), at which time production 

vill begin to decline and the population will level off. 

We stress that the numbers given below are in all cases appro>dmste. 

They give us an indication of the likely size of effects, but they do not 

tell us precisely what losses will be. 

-10-

Predictions 

1. Nearshore Sport and Commercial Fish 

It is probable that, because of SONGS' activities, somewhere between 27 

and 60 tons of nearshore sport and commercial fish production will be lost 

annually (Table 1}. We feel the lower figure is more probable than the upper 

figure. Halibut is the species that will be most affected. Fish move about, 

so any loss of production will be spread over some area. We do not know how 

large an area, and provide a comparison between the consequences of spreading 

the loss over a small (45 km) and a la~ge (300 km) stretch of coastal waters. 

A loss of 27 tone would be equivalent to about 6% of the annual produc­

tion of nearshore sport and commercial fish in the fou~ fish blocks covering 

about 45 km of coastline near SONGS. It is equivalent to about one-third of 

the most recently documented (1975) harvest of these species from these four 

fishing blocks (85 tons). This does .!!2,!;. mean that all of the losses will 

occur in these four blocks, or that the harvest can be expected to decline 

by either 6% or one-third. 

If the losses were to be spread evenly ove~ 300 km (about three-quarters 

of the length of the california Bight), then the loss in annual production 

over this area would be 1%. The loss in~ could be more than 1% of 

that caught over 300 km. For example, to take an extreme case, if all 

natural losses are unavoidable, than all of the loss would COllie out of the 

harvest, which, for the 1975 harvest, would decline by roughly 10%. 

There is quite strong evidence that the stocks of nearshore spo~t and 

commercial fish (especially halibut) have declined in the past two decades. 

We ·believe that these population& are unlikely to be able to compensate for 
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(i.e. make up for) significant additional mortality. However, the projected 

loss of sport and commercial fish, caused by SONGS, is sufficiently small 

that ve believe it will not, in itself, have a significant effect on these 

populations. 

Although SONGS alone is expected to have a minor effect upon the popula­

tions of nearshore sport and coamercial fish, the cumulative effect of a 

number of sources of mortality of this order would be expected to contribute 

to continued decline in these populations. Future planning in the California 

Bight, therefore, should not evaluate additional installations and other 

environmental insults as independent evants, but should consider their cu=u­

lative effects. 

2. Fodder Fish 

Anchovies probably contribute more than any other species to the diet 

of nearshore sport end commercial fish. Although enormous numbers of 

anchovy larvae will be killed by SONGS, we do not expect this vast population 

to be affected as a result of the operation of SONGS. 

Nearshore fodder fish species are also important in the diets of near­

shore aport and commercial fish. The two most abundant nearshore fodder 

fish are queenfish and white croaker. SONGS is expected to cause a loss 1n 

production of nearshore fodder fieh of at least 300 tons per year.* Unlike 

the sport and co=mercisl species, there is no evidence that the fodder fish 

populations are declining, so that we could expect some compensation for 

these losses. We do not know how much, so we cannot predict a precise net 

loss. Fodder fish in general move around more than sport and commercial• 

species, and the populations in the entire Bight may well be thoroughly 

*All weight figures are wet weight snd are in metric tons. 
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mixed, ao that losses would be spread over the Bight (roughly 400 km). lf 

the losses were spread over the Bight, and if no compensation occurred, they. 

would be equivalent to about 7% of the annual production of these fish. 

The projected loss of the equivalent of 300 tons of fodder fish produc­

tion is owing mainly to the loss of larvae in the intakes. We expect there 

will be additional losses caused by the diffusers carrying larvae to inhos­

pitable environments offshore. These losses could be very large - greater 

than those caused by the intakes - but we cannot predict them accurately. 

The projected intake losses alone are sizeable, While we cannot estilllate 

how the populations will be affected {because we do not know enough about 

compensation), the accumulation of effects of this order would be expected 

eventually to cause declines in these stocks. Thus, while SONGS itself may 

not cause such declines (and we do not know whether it will or not), we would 

be concerned about accumulating additional losses of this magnitude in the 

future. 

We expect that the direct imping1!111ent of juvenile and adult fodder fish 

(111Ainly queenfish) in the intakes will cause measurable changes in the age 

structure and sex ratio of this species to a distance of several kilometers 

from SONGS. 

3. Mechanisms 

J!'ish !oases are caused by three main mechanisms: (1) direct impinge­

ment of juvenila and adult fish in the intakes, (2) loss of immature stages 

(especially larvae) in the intakes, and (3) loss of immature stages in the 

diffusers. Mechanisms {2) and (J) sre the most important. The diffusers 

could kill larvae (a) through subjecting them to turbulent shear and {b) by 
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carrying inshore larvae to an inhospitable environment offshore (transloea-

tion). 

Intake losses: Our recent analyses have yielded a critical piece of 

info11114tion that 114y be important in the placement of intakes. We have 

evidance that the larvae of nearshore sport and c,_rcial fish species are 

unlike 1110St nearshore larvae and are qnite sparse very close to shore where 

the intakes are. Because of this peculiar distribution, we estimate the 

loss of sport and coaaercial fish production, owing to larval 1110rtality via 

the intakes, to be only 20 tona per year, rather than 160 tons per year aa 

previously expected, thus reducing tba predicted impact to one that is rala-

tivaly minor. 

Diffuser losses: We satimata that relatively few fish larvae will be 

killed by turbulent shear, and believe that this will be a minor effect. We 

also do POt expect tbe larvas of sport and commercial species to suffer trena­

location mortality in the plume. However, translocation may cause very large 

losses of fodder fish larvae. 

4. UevallinB Effects of SONGS 

SONGS' diffusers will bring extra nutrients to the surface, and move 

them offshore. This ·could result each year in the production of roushly 

460 tons of anchovy. We believe this will have a negligible effect on sport 

and eosmercial fish production, and virtually no effect on nearshore sport 

and commercial fish production. 

-14-

Table 1. Suaury of predicted effects of SONGS Units 1, 2 and 3 upon 

nearshore fish species. Numbers are matric tona per year. 

(1) Losaea by direct impingement 
of juvanUe and adult fish 
in intakes 

Fodder fish 

Sport and commercial fish 

!Uectric rays 

Other fish 

(2) Losssa by kill of planktonic 
stases in intakes 

Fodder fish 

Sport and c~rcial fish 

(3) Damage to kelp bed 

In sport and 
c0111111ereial 

In biomass In production production 

31-51 25-41 0-4 

7-12 4-7 4-7 

7-13 5-8 

5-8 3-5 

Subtotal 4-11 

358 287 3-29 

34 20 20 

Subtotal 23-49 

0-9 ()..3 0-3 

TOTAL 27-63 
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Introduction 

~elp beds constitute a distinct and important habitat in the nearshore 

~:-~;ecosystem in Southern California. Over 760 spec~es of animals (inver­

.. ' · .c :es and fish) and over 120 species of plants have been found in kelp 

ca Southern California. At least two fish species (kelp perch and kelp 

..: .. c~; :' •.sh) are rarely found outside of kelp beds, and many invertebrate 

;; >..:_;s occur most commonly in this habitat. In the San Onofre kelp bed (SOK) 

alo~a we have recorded 164 species of animals and 16 species of plants -

cerc~~nly an underestimate of the actual diversity. In the three local kelp 

beds (SOK, San Mateo kelp and Barn kelp) we have recorded 384 species of 

an~:s end 36 species of plants. Kelp beds are highly productive of aport 

fish. including the highly valued kelp bass. 

~lp plants grow very rapidly, and as plants die, or parts of plants 

brea£ off, they produce food for bottom-dwelling animals. In December 1978, 

for ~ample, SOK produced an estimated 9 tons of detritus per day. 

3an Onofre is in an area where kelp beds ~re (now) rather scarce. 

!!a••..-·~=, the local beds maintain ecological continuity between the more 

"-"C·H:3ive beds to the north and south. 

~storically, San Onofre kelp bed has eXhibited two states: (a) the 

"no-c=l" state in which much of the available rocky substrate is covered by 

kelp as is now the case, but the degree of cover varies; (b) periods following 

cataatrophic die-offa of adult plants, during which the bed is non-existent, 

at ·'•'Y low coverage, or is recovering. 

-16-

Predictions 

(l) It is likely that SONGS Units 2 and 3 will alter the normal state 

by reducing the density of kelp plants in the offshore portion of the bed. 

!his is the major area of the bed. The reduction could be very small or very 

large. There are several confounding factors which prevent us from stating 

a most likely extent of reduction in abundance at present. 

(2) SONGS probably will lengthen the periods during which the bed is 

absent, or very sparse, following catastrophic die-offs. 

(3) We expect to see some reduction in the abundance of shrimp species 

in the canopy in a portion of the kelp bed. No quantitative prediction is 

possible. This change could alter the diets of fish in the bed. 

Mechanisms 

Turbidity: SONGS will affect the bed mainly by increasing the turbidity 

downstream from the points of discharge. This increase will be small in 

summer, but in spring it is predicted to lower light levels in the water 

column. The reduction at the bottom in the offshore portion of the bed is 

predicted to be about 4U%. The lower light intensities that result will 

probably reduce the frequency of successful recruitment of young kelp plants. 

It is also likely to reduce the growth of kelp plants. Both effects are 

likely to reduce both the biomass of kelp in the bed and the number of 

plants. 

Fouling: SONGS' plumes are also likely to increaee the degree of 

fouling of kelp plants by various invertebrates that settle on to and live 

on kelp. Increased turbidity, and perhaps turbulence, are among the mechan­

isms that could increase fouling. Fouling is likely to 1) decrease the rate 
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of kelp growth, 2) increase the rete of loss of parts of the plant, and 

3) perhepa increase the death rate of plants. 

Sea Urchins: Urchin populations may also be increased because SONGS 

will increase the supply of particulate organic 1114tter that the urchins can 

use ss food. Our studies show that urchins kill a large fraction of kelp 

plants in parts of the bed, and they probably also interfere with recruitment 

by grazing on 8111411, young kalp plants. 

Sedimentation: The operation of SONGS is not expected to alter the 

sedimentation rate in SOK. 

Temperature: Temperaeure changes caused by the SONGS plume will be 

small and are not likely to affect the bed sigoificantly. 

Nutrients: Part of the time, the concentration of nutrients may be 

somewhat incressed in the water surrounding adult kelp plants, as a result 

of upwelling via entrai!liiW1t. This may increase the growth rate of kelp 

plants. 

Competitors: When kelp is removed from the substrate other plants and 

animals can grow in its place. These organisms may prevent or slow the re­

colonization of kelp, by taking up the space. Although ve have information 

on these organisms, it ia not possible to predict whether SONGS will signifi­

cantly influence these interactions. 

Toxic Substances: During the course of the studies at SOOGS, circum­

stantial evidence has been found for the existence of toxic materials in the . 

discharged water from Unit 1. We can make no definitive statement as to 

whether or not such toxic: substances will be discharged by Units 2 and 3, except 

that chlorine will continue to be used on an intermittent basis· 
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Introduction 

Mysids are small shrimp-like crestures that live in shallow water just 

above the ocean floor, or amongst kelp canopy and other benthic algae. At 

night some of them rise several meters into the water colU11111, and at this 

time they are more likely to be entrained by SONGS. Unlike true plankton, 

they can swim agetnse weak currents, and so can maintain their position to 

some extene. 

Mysids were chosen as a target organin for several reasons. 

1) They hove similar biology to a number of other groups of ''hypo­

plankton" that live close to the bottom. 

2) They are important food items for a number of fodder fish (e.g. 

queenfish), which in turn ere fed on by sport and collllllercial fish. 

3) Like a number of plankton species, soma mysid species live only 

close to shore and will be taken into the SONGS cooling system and will also 

be transported offshore by the diffusers. However, since they have a longer 

generation time than plankton, they are likely to recover mote slowly from 

such extra mortality, and are therefore more likely to show local depressions 

in density. Mysids are thsrafote expected to be a good "marker" group for 

the effects of SONGS. 

Predictions 

1. Our 131Ysid studies indicate that we should see a reduction in density 

of about 50% for several kilometers away from SONGS, and 8111aller depressions 

on the order of 10 lall long. There are several factors that prevent us from 
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being certain about these effects. Firat, we are forced to make asaumptions 

about the numbers killed by the diffusers, since we cannot measure this loss. 

Second, we do not knOtt how strong compensation will be. 

2. SONGS intakes will kill several billion mysids per year, weighing 

SQ-60 tons. The diffusers could kill several hundred tons of myaids. !f, 

for example, 10% of those entrained by the diffusers were killed by being 

carried offshore to unfavorable habitat, the annual kill would be rather less 

than 200 tone. We are unable, at the moment, to give a most probable esti­

mate of diffuser losses. 

HYsids constitute about one-half of the total of epibenthic organisms 

that are subject to entrainment. A similar mortality rate for all of this 

group would thus give an annual kill of all organisms of this type of about 

350 tone. 

If these 350 tons were lost to the fodder fish, we could expect an 

annual loss of fodder fish production on the order of 30 tons. However, the 

MRC fish study group believes that much of the mysid biomass killed and moved 

offshore will be eaten by these same fish species in the region of the dif­

fusers. Some mysid material will, of course, fall uneaten to the ocean floor. 

There it will join food webs that lead in part to benthic fish. These food 

webs are less efficient than the mysid ~ fodder fish chain, so we could expect 

so~e overall loss of fodder fish production, although much less than 30 tons 

per year. we·do ~predict, therefore, that the mysid losses will have a 

significant effect on sport and commercial fish production. 
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Introduction 

the plankton is made up mainly of s~l drifting organisms that are 

generally moved about passively by currents. Phytoplankton are single-celled 

plants that fo= the basis of 110st animal production in the oceans. Zoo­

plankton are small animals, some of which can swim actively and control their 

movements to some degree. they include the meroplankton, such as clam 

larvae, which are the planktonic stages of bottom-dwelling organisms, and 

holoplankton, which spend their entire life in the plankton. The predictions 

focus on the plankton as a balanced indigenous community, and as food for fish. 

Predictions 

1. the plankton studies hsve established that some zooplankton species 

are restricted close to shore (within 3-4 km), snd it is probable that SONGS 

will reduce the local density of this group. It is probable that there will 

also be changes in the relative abundance of species in the zooplankton 

assemblage in the inner nearshore zone. The ~gnitude and extent of these 

changes cannot be predicted, and will depend on mixing rates, the ability of 

the populations to eo~pensate, and on interactions between species. As an 

indication of the likely scale of the effects, we expect them to be somewhat 

less extensive than the predicted mysid effects. 

2. SONGS' intakes probably will kill on the order of 10 trillion of 

the larger zooplankton per year, weighing about 1200 tons. Most of the 

zooplankton withdrawn at the intakes will enter the benthic food chain and 

will be lost as a direct food source for fodder fish. The fate of these 

diverted zooplankton is discussed in the Soft Bottom Community predictions. 
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We cannot yet estimate precisely the kill of plankton entrained by the 

diffuser plumes. If 10% of those entrained were to be killed by being moved 

offshore to unfavorable habitat, the annual kill would be on the order of 

4000 tons. This transported plankton will be eaten largely by the same 

species of fodder fish that would have eaten it inshore, before SONGS began 

operation. We therefore do not expect to see significant changes in the 

overall abundance of fodder fish or sport and commercial fish as a conse-

quence of this shift in biomass. 

3. About half of the tima, the diffuser discharges will bring to the 

surface, offshore, relatively nutrient-rich water from closer to the shore 

end nearer the bottom. We estimate that this will result in the annual pro-

duction of an extra 84,000 tons of phytoplankton in the mid or outer near­

shore waters. The fate of this extra biomass is discussed in the Fish 

predictions. 
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SOFT BOTTOM COMMUNITIES 

Introduction 

The soft benthos com=unity is made up largely of invertebrates (worms, 

clams, crustacea, etc.) that live in and on the sand, silt and mud bottom. 

These bottom types cover roughly 80% of the area in the general San Onofre 

region. The distribution and abundance of these species is strongly influenced 

by the physical characteristics of the sand, silt and mud and by the amount 

of food material in the area. The communities close to shore (out to a depth 

of about 10 meters) are less diverse and less abundant than those further 

offshore. Most of the species are planktonic in their early stages. Although 

these communities are not as productive of fish, on a per area pasis, as are 

reefs and kelp beds, because they are so extensive they help to support large 

populations of fodder fish and hence of sport and commercial fish species. 

Predictions 

1. SONGS Units 1, 2 and 3 will alter the bottom sediments. Close to 

the diffusers (within 1 km) the sediments will be coarsened and enriched. 

Beyond this area, in a pattern and at distances that ve cannot yet predict, 

the sediments will become aomevbat finer, and they will be enriched. The 

general result of these changes will be an increase in the abundance, number 

of species, and, probably, in annual production of biomass in the enriched 

region. 

2. SONGS could have a negative influence on the soft benthos community 

by killing some of the organisms that live on the bottom but that occasionally 

ria, into the water column. (This group of organisms bears a broad similarity 
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to mysids.} It will also reduce the number of larvae of some species avail­

able for settlement, by killing the early stages that float in the plankton. 

This could affect the adult density of some species, especially those living 

in the intertidal and shallow water zones. Among this group, lobster is a 

aport and commercial species. However, too little is known about the popula­

tion dynamics of the early stages to hazard a prediction about possible' 

effect on adult densities. We suspect it will not have a significant effect 

on the overall production of the community. 

3. The enrichment of the soft benthos is not expected to influence the 

production of sport and commercial fish. 

-24-

HARD BOTTCM COMMIJNITIES 

Boulders and reefs near SONGS are covered by a variety of organisms 

in addition to kelp. These include smaller species of algae and sedentary 

animals that permanently attach to the rock surfaces. Apart from their 

intrinsic value as part of the community, these organisms provide both a 

source of food for fish and important habitat structure, and they may compete 

for attachment surfaces with kelp. 

There are distinct inshore (intake depth) and offshore (around SOK 

depth) communities. Turbidity is higher inshore, and inshore species are 

more tolerant of this higher turbidity. They also grow more rapidly than 

offshore species. It is thus possible that increases in turbidity in the 

offshore portion of SOK will lead to a change in the community such that 

inshore species will tend to replace the resident offshore species. Con­

ceivably these inshore species could also slow the recruitment of kelp by 

outcoapeting it for space. 

While these possibilities exist, there is no strong evidence to suggest 

they will occur. 
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In this section on fish we do not give a separate rationale for each 

prediction, since the same types of analyses underlie predictions 1 and 2. 

A. The affected fish species 

SONGS Units 1, 2 and 3 are most likely to have a significant effect 

upon fish species that live as adults mainly nearshore (within about 4 km of 

shore), and that produce planktonic (drifting) eggs and larvae in the same 

zone. Most species of fish in the SONGS area are of this type. However, most 

individuals, and most of the total tonnage of fish are Northern anchovies. 

Anchovies also extend well offshore. There are several hundred billion 

anchovies in the California Bight, they move enormous distances, and SONGS 

will not significantly affect the population of this abundant species, although 

the Plant will kill large numbers of anchovies. They are not considered in 

most of the analyses below (but see Section I), which concern nearshore 

species only. A numerically small group of nearshore species either carry 

their young internally, or have planktonic larvae but lay attached, not 

free-floating, eggs. This group is also excluded from subsequent analyses. 

We will be concerned mainly with those nearshore fish species that 

produce both planktonic eggs and planktonic larvae. These species fall into 

one of two groups. (1) Forage or fodder fish. These species eat plankton, 

small bottom-dwelling organisms, mysid shrimps, etc., and are themselves 

food for sport and commercial species. The major species in this category 

are queenfish (Seriphus) and white croaker (Genyonemus). 

(2) Sport and commercial fish are the second group. Among nearshore 

species, halibut and white seabass are the main commercial species while kelp 

bass and sand bass, and halibut, are the main sport species. These four 
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species made up over three-quarters of the 1975 sport and commercial catch 

of nearshore fish in the fish blocks near SONGS. 

B. Mechanisms 

There are six known or suspected mechanisms through which SONGS can 

affect fish populations. These are: 

(1) Killing juvenile and adult fish as they are taken into the intakes 

of the cooling system (via impingement and entrapment). 

(2) Killing planktonic eggs and larvae that are taken into the intakes. 

(3) Killing planktonic eggs and larvae that are caught up (entrained) 

by water jetting out of the discharge or diffuser systems. 

(4) Loss of fish from special habitats (e.g. kelp). 

(5) Loss of fish food that is moved by the cooling system. 

(6) (Sub)lethal effects of discharged organochlorines. 

We have no evidence that mechanisms (5) and (6) will operate to affect sport 

and commercial fish production, and they will not be discussed further in 

this Report. 

C. Estimation of probable losses of fish 

(l) Direct kill of juveniles and adults in intakes 

Unit 1 kills, on average, 16.7 tons of fish per year. The fish are 

disposed of on land. Of these fish, 10.2 tons are fodder fish, 2.5 tons are 

electric rays (which are of scientific and economic importance), 2.4 tons 

are nearshore sport and commercial fish species 1 and 1.6 tons are other 

species. 

The intake structures of Units 2 and 3 have been modified to reduce 

the fraction of fish taken in by the intakes. In additionf a fish-return 

• 
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system bas been devised to return those caught back to the ocean. This system 

bas not been tested. Tbe MRC fish study group feels that the fish-return 

system is likely to kill or fatally injure most fish that pass through it. 

If the new systems are SO% efficient, the total intake mortality will triple. 

If they are completely inefficient, total intake mortality will increase about 

5-fold since all three structures provide about five times as much attractive 

"reef structure" as Unit 1. (The volume of -water taken in by all three units 

will be six times that taken in by Unit 1.) If the fish-return system is not 

more than 50% efficient, the annual impingement fish kill will fall between 

3 and 5 times that of Unit 1, or 50-84 tons, of vhich 7-12 tons will be near­

shore sport snd commercisl fillh. This is equivalent to 4-7 tons of nearshore 

sport end commercial fish production. 

The losses to Unit 1 already produce measurable effects on queenfish. 

Tbe population of this species within 1:! km of the intake (and perhaps as far 

as 2 km) has fewer young fish and fewer females than more distant populations. 

Young and female fish are precisely tha groups taken in selectively by the 

intakes. Two-thirds (by weight) of the fodder fish taken in are queenfish. 

Some 31-Sl tons of fodder fish will be impinged. These fish vould otherwise 

have contributed 25-41 tons of fodder fish production (Table 1). 

(2) Killing of planktonic fish esss and larvae in intakes 

MOat nearshore species spend 2-4 months as planktonic eggs and larvae 

and throughout this stage can be caught up by the intakes or diffuser -water. 

This 1a the major source of mortality. It is estimated by a somevhat c0111plex 

procedure involving a model of fish mortality, and ws deact'ibe the methods 

only briefly. Tbsre are a nuaber of steps in this procedure. 
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(a) Tbe density of eggs and larvae of various ages, in vater at various 

depths and distances offshore, is estixnated from samples. (There is a tendency 

for older larvae to occur inshore and nearer the bottom, at diffuser and intake 

depths.) Next, the rata at vhicb SONGS will withdrav vater from each of these 

locations is estixnated (from a modal of SONGS hydrodynamic behavior). This 

gives the .!!!!!!!2!!I. of aggs and larvae that will be entrained. Finally, an assump­

tion is made about: the fraction of entrained eggs and larvae that will be 

killed. All of those passing through the intake are assumed to die. (Similar 

calculations can be made for those caught up by the diffusers, but ve cannot 

yet estixnate the fraction of those taken up that will be killed.) 

These various estixnates allov calculation of the expected number of eggs 

and larvae that will be killed per unit time (say, each day) , immediately 

after the Plant is turned on (Fish Appendix 1). 

We cannot assume this kill rate vill continue indefinitely. For example, 

some vater that bas been affected by the Plant may remain in or return to the 

vicinity and mtx with "new" vater that moves into the area. llhen this 

happens, the local density of eggs and larvu will be lover than elsewhere, 

and fewer eggs and larvae will be killed per unit time. 

A detailed model of the current rqime in the SONGS area could be used 

to estimate the rate of replenishment of vater in the area, and hence the local 

density of eggs and larvae exposed to SONGS. Such a model vas not available 

vhen the present calculations vere made. 

(b) Instead, a model wu nsed that simply assumed that SONGS will dra'!' 

eggs and larvae only from some specified region along the coast. Inside this 

region, all eggs and larvae are aasllllled to be equally vulnerable (good mixing 

• 
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is assumed). No egg or larva outside the region can be killed by SONGS and 

no eggs or larvae can leave the region. the model has the following 

features (Fish Appendix 1): 

Eggs are produced in this region at s constant annual rate that is 

the same as elsewhere. (this is essentially the conservative assumption that, 

even if SONGS kills many plankters and subsequently lowers adult density in 

the region, reproductive fish will move in from elsewhere.) 

The model calculates the chance that an egg or larva of a given age, 

within the region, is killed by SONGS before it reaches the next age class 

(which is 2.5 days older). this is done for all age classes up to the point 

when the larva becomes a juvenile (4 months in queenfish, for example). 

Since eggs and larvae die off extremely rapidly due to natural causes, most 

of them are not killed by SONGS but die of natural causes. This natural death 

rate is taken into account by the model. 

'!he chance of any individual being killed by SONGS before it moves 

out of its age class depends on the size of the region chosen (the chance is 

smaller when the region is bigger because within 2.5 days a smaller fraction 

of the water in the region passes through'SONGS). Clearly, if a very small 

region is chosen, a given individual can be exposed to risk on different 

occasions since the same parcel of vater passes through SONGS many times. In 

this case, the density is rapidly depleted, the fraction killed is high, and 

moat larvae do not grow very old. On the other hand, the nwnber killed is 

somewhat smaller. 

Since the natural mortality rate is high, there are slvays far fewer 

older larvae than younger larvae and eggs. This is reflected in the predicted 
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SONGS kill. For example, under one set of assumptions, SONGS will kill in 

a year 16 billion eggs and 4 billion larvae of nearshore fish. 

Clearly the choice of the siJ:e of the "affected region" is somewhat arbi-

trary. Choosing a very small region (say l b) is squivalent to assuming 

virtually no currents along the shore. and hardly any replenishment of the 

waters armmd SONGS by "new'' vater. this will overestimate the degree of 

local SUPpression, but will underestimate the nuabsr killed - larvae from else-

where that in reality would get to SONGS are not counted. On the other hand, 

choosing a very large rsgion (say several hundred kilometers long) is equiva­

lent to assuming that fish eggs and larvae move huge distances in their 

lifetimas. This would maximize the number killed, but (especially since 

thorough mixing is asswned) it would spread the effect out very thinly. We 

feel that this latter scenario is closer to the real situation. 50 km wss 

chosen as a compromise between smaller regions within which complete mixing 

can bs asswned, and larger regioua within which all doomed fish larvae are 

certain to have been produced. SONGS!!!!! kill billions of eggs and larvae, 

and the degree of movement of eggs and larvae will determine whether there is 

a pronounced local depression or a less obvious, but much more extensive, 

depression. If there is no re-entrainment of "old" water by SONGS, a choice 

of 50 km will underestimate the number of eggs and larvae killed. 

The result of the model's calculations is a predicted number of eggs 

and larvae killed per year (breeding season) in each age class. 

(c) These predicted losses of eggs and larvae are then converted into 

an equivalent number of 13 month old fish (Fish Appendix 1). (An age of 13 
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1110nths is chosen primarily because this corresponds in size to that of the 

aver&Se fodder fish eaten by aport and commercial fish.) the idea involved 

in calculating 13 1110nth old equivalents 1a aa follOVII: an egg baa roughly 

1 chance in a million, under natural eonditiOilB, of becoming a 13 month old 

adult. Therefore, if SONGS kills an en, this is equivalent to killing only 

one-tlillionth of a 13 IIIOll.th old fish, because in all likelihood the en wuld 

have died anyway. Bowaver, if SONGS kills a 4 _month old larva it baa killed 

the equivalent of .4 of a 13 111011th old adult, because a 4 111011th old larva 

under natural conditiona baa a 40% cbence of becoming a 13 month old adult. 

It is predicted that SONGS will kill the equivalent of several million 13 month 

old adults of nearshore fish species. 

At the moment, age distributiona of larvae are available for only the 

two major fodder fish species. To estimate losses of sport and commercisl 

species ve have therefore assumed that, averaged over the season, the aport 

and commercial species have the same age distribution aa these two fodder fish 

species. The estimates of aport and collll8rcial losses owing to larval 1110r­

tality therefore are based on this, ss yet untested, assumption. 

(3) Diffuser losses 

(a) Turbulent shear losses 

There is evidence from the literature that fish larvae die when thsy 

are subjected to shear forces on the order of several hundred dynes/em2 over 

a period of several minutes. Losses due to this mechanism ware estimated in 

two steps (Fish Appendix 1). Firat, the fraction of secondarily entrained 

water that is likely to be subjected to shear forces on the order of 100/cm2, 

or greater, vas calculated. Second, the number of larvae subjected to this 
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stress was estimated from known larval densities and from the estimated amount 

of water entrained. These calculationa suggest that only a relatively small 

11UIIIber of larvae v1ll be killed in this way. 

(b) Translocation losses 

Nearshore fodder fish larvae show a very clear pattern, in which density 

falls off very rapidly several kilometers from shore. The pattern suggests 

that larvae that are carried farther offshore die. During some parts of the 

year, SONGS' diffuser plUIIes are ezpected to move some inshore water to an 

area S Ita or more offshore. 

The larvae of sport end cCHEereial fish species extend from close to 

shore to about 7 km offshore. We therefors do not expect SONGS to cause 

translocation mortality in this group. 

At aome ti111118 of' the year, especially when they are older and ''more 

valuable", the larvae of both queenfish and white croakers do not extend beyond 

2 km from the shore. We therefore expect large translocation losses of fodder 

fish larvae, but we are not able to maka a quantitative prediction. Some 

idea of the possible magnitude of these losses can be gained by noting that 

if 10% of larvae entrained by the diffuser plumes ware to be killed, total 

fodder fish losses would roughly double. 

(4) Losses from d!ll!!8e to kelp bed 

Damage to the kelp bed and its biota may be anything from negligible 

to extreme <-ee ltelp Predictions). 

and 

1). Conversion of losses to biomass {weight of standing stock of fish) 

the losses of 13 month old "adult-equivalents" were divided between sport 

commercial fish and fodder fish according to the frequencies of these two 
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types in the larvae affected. Among nearshore planktonic spawning species, 

in general, four-fifths of the larvae are fodder fish and the remaining 

one-fifth are sport and commercial fish. However, their relative frequencies 

vary with proximity to the shore and with position in the water column, and 

these differences were taken into account. 

Next, numbers lost were converted to a weight (biomass) for each group 

(aport and commercial fish liva longer than fodder fish and are larger, so 

the conversions are different) (Fish Appendix 1). The idea here is that, 

once SOHGS baa been operating for several years, 1, 2, 3, • year old fish 

are all affected and each year there will be an average loss of fish weight, 

spread over all ages, in each species. 

E. Conversion of losses to annual production 

l!ach year, each fish population produces a certain tonnage of "new" 

biomass, through reproduction and growth. In a perfectly balanced fishery, 

esch year this same amount of tonnage would be consumed ~ by natural deaths 

plus the fish harvest. The annual production of a typical sport and commer­

cial population is reckoned to be about 60% of the standing stock (biomass). 

Thus, when the equivalent of 100 tons of sport and commercisl biomass is lost 

as larvae and eggs, this is equivalent to a loss in production of 60 tons. 

Similar calculations are possible for fodder fish, where the figure is thought 

to be 80%. 

F. Conversion of fodder fish losses to sport and commercial losses 

Sport and commercial fish depend predominantly on fodder fish and, since 

the biomass of the latter is expected to be reduced, there should be less food 

for sport and commercial fish. It is difficult to know how to estimate the 
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effects on sport and commercial species of this predicted loss of fodder fish 

production. A stendard rule of thumb is to assume that 10 pounds of fodder 

fish production yields one pound of sport end commercial production - a 10% 

"transfer efficiency". Howevar, if sport end colDIIU!rcial fish population are 

being held at relatively low densities, say by fiahing.(Section G), then changes 

in food supply may have little or no effect on their production. In addition, 

the fodder fish losses may be partly or largely compensated for (see next 

section). These considerations suggest that 10% is too high a figure. We 

think it unlikely that aport and commercial fish production is totally unrelated 

to fodder fish production, and so assume a 1% relationship as a lower (and more 

likely) bound. 

G. Compensation and declines in nearshore fish species 

It is possible thet reductions in larval fish density caused by SONGS 

would lead to higher survival of the remaining fish larvae (for example, by 

making more food available to each larva). There is, at the moment, no good 

evidence for such compensation in marine larval fish, and there are ~ priori 

reasons for suspecting such compensation would at best be weak. First, fish 

larvae are already very sparse. Second, it iB likely that "chance" (density 

iodependent) factors dominate the mortality of these small organisms. Third, 

much of their food will be killed along with the larvae themselves. 

Another possibility is that juvenile or adult fish might survive, grow, 

or reproduce better in response to lowered density of juveniles. 'We think this 

is_ possible for fodder fish because there is no evidence that their numbers 

have been declining. However, we think it unlikely that compensation in 

nearshore sport and co=mercial fish would be adequate in the face of-significant 
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a:tra mortality. The main reaaon for this view is that these species appear 

to have decline<! in Southern California since the mid-60s (Fish Appendix 1). 

The evidence for declines in nearshore aport and commercial fish species 

ill by no IIIUII8 tmequivocal. We have to rely on indirect measures of fish 

atoci<a. The major evidence ia from California Department of Fish and Game 

recorda of apoet and cOBiercial catches. These. sugsest strongly that halibut, 

in particular, baa decline<!, that kelp haas and sand bess may have decline<!, 

and that the more desirable nearshore sport and couaercial species u a group 

have decline<!. 

Several araumenta can be made ap.inat these conclusions. Counter­

evidance, tosether with COIIIIIIIIlta, is as follova: 

(1? Populations fluctuate naturally, and these species a~d strong 

declines in the 1950s, followed by a recovery. 

Populations do fluctuate. But this ia not evidence that current declines 

are "natural" and can be isnore<l. The declines in the 1950s, for u:aple, lllllY 

have bean cause<! by loss of kelp be4 habitat, and DDT in the Bight, and these 

tole 11111chania11Ul are nov diminiahe<l. 

(2) Catches of fish in ~r planta do not show clear evidence of 

declines. 

Bovaver, the data from illlp~t by ~ plants suffer several de­

fects. Fint, such data are hiably influenced by cetcbability of fish (which 

ia influence<! by annual variations in the weather), as well as by their density. 

They usually are available for only a few years in the 1970s, and such varia­

tiona in catchability could easily ooacure reel trends. Second, the data are 

e:.rtrllllllely variable. and this could obscure trends oftr this abort period. 
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Third, the data .!!.!. for only the 1970a, often not for the whole decade, and 

the Fish and Game data ahov that the decline vas most precipitous in the 

mid to late 60s and h88 baen rather alight in the 1970.. (The Fish and Game 

data are !!!!!S!!. lese variable than the Power Plant data, especially in the 

1970s.) Thus, va vould not evan necessarily expect to see a decline in these 

Power Plant data. 

On halance, va believe the data aupport the conclusion of a decline in 

desirable nearshore sport and commercial fish. 

H. On-shore off-shore water movementa 

The predictions bave not taken into account the possibility of larse 

scale onshore and offshore IIIOVements of vater. (MRC is now measuring this 

pheno~~~~non.) Such 110V8mellts could create "circulation calla" that 110uld slow 

dovn the longshore mov8111111t of esse and larvae {although it is possible that, 

by choosing vater layers, larvae could escape from such calls). This vould 

re<luce the satilllated loss of larvae, but vould create a more detectable local 

depression in larval density around SONGS. 

I. UpvellinJ! cause<! by SONGS 

Some of the vater entrained by SONGS' diffusers will come from below 

7 111 depth. Water at tbia depth in the resion of the diffusers ill rich in · 

nutrients, but bas low light levels, so that it produces little phytoplankton. 

The diffuser plume vill senarally move this (and other inshore water) closer 

to the surface, where there is more light, and farther offshore. This will 

result in an absolute increase in phytoplankton production in this region. 

We estilliate (Fish Appandix 2) that, eech year, some 84,000 tons of 

additional phytoplankton will he produced. Most of tbia will he eaten by 
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zooplankton. Although it is not possible to say exactly how this production 

will pass up the food chsin, a reasonable estimate is that half of the phyto­

plankton will be eaten by microzooplankton, then by macrozooplankton, end then 

fodder fish. The other half of the phytoplankton will be eaten by macrozoo­

plankton, and then by fodder fish. In this region (roughly ~ km offshore) 

the major fodder fish is the anchovy, and most of the new production should pass 

to this species. A transfer efficiency of lO% would produce, in tons of fodder 

fish: 

[4.2 X 104 X 10-2] + (4.2 X 104 X !0-3) = 460 tons. 

During these transitions the new production (as phytoplankton and zoo­

plankton) will be moved away from the area of production and thoroughly mixed. 

The anchovy population is also extremely mobile and well mixed, so this produc-

tion of anchovies would he expected to be spread over a very large fraction of 

the Bight population. 

460 tons is a miniscule fraction of yearly California anchovy production, 

which is about 1-2 million tons. We believe it would not result in any real 

increase in yield to sport and commercial fish. It should be remembered that 

we have made a similar argument for ignoring anchovy losses: each yflllr, SONGS 

will kill on the order of lO timaa as many anchovy larvae as other fodder fish 

larvae, and the fodder fish losses themselves are equivalent to more than 300 

tons of production, but" predict no effect from these losses. Clearly, in 

"production equivalents", tbe anchovy losses are much greater thsn 300 tons, 

but we believe it is sana1ble to assume that perturbations of this order, 

spread over the whole anchovy population, will have no effect on adult anchovy 

standing stock. and hence prodnct:lon. 
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As discussed in Section F, the transfer efficiency from fodder fish to 

sport and commercial fish probably lies somewhere between 1% and 10%, and we 

have argued it is likely to be close to 1%. If the increase in anchovy 

production ~ to be passed on, we would expect it to produce an extra 5-46 

tons of sport and commercial fish, and believe the lower figure much more 

likely. Most o£ this production would !!!!.!:, be in nearshore sport and commercial 

fiah, since the masa of the anchovy population is offshore. 
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I. Biology of Kelp 

We begin by looking at the basic population dynaaics of the San Onofre 

kelp bed. 

(A) ''Normal" conditions 

It appears that, even in the absence of catastrophic events, the kelp 

bed is rarely in a "steady-state" or equilibrium condition. It is instead 

dominated by physical and oceanographic conditions that are highly variable. 

In the present study (1976 to 1980), only by the end of 1979 did SOK cover 

most of the cobble substrate available. Naturally,the amount of kelp (number 

of plants and areal extent) on any section of the bed fluctuates in response 

to changes in bottom conditions, storms that tear adult plants from their 

sites of attachment, water temperature, availability of light and nutrients, 

grazing by sea urchins and probably fish, fouling, and periodic recruitaent. 

Patches of kelp within the bed increase and decrease and even disappear and 

reappear under normal conditions. 

Recruitaent of new plants is a major dynamic event that is episodic, 

in response to seasonal and annual variation in physical and chemical condi-

tions. lt appears that recruitment occurs, on average, only once every three 

years. (Hovever, recruitment rate has been examined, in this and other 

studies, for a total of only 12 years or so.) Although kelp has a complex 

life cycle (Figure l),.for present purposes there are only two important pro­

cesses affecting recruitaent of adults: (i) the ability of the tiny male and 

female stages (gametophytes) to reproduce and hence produce the microscopic 

first stage of the actual kelp plant (sporophyte); (ii) the ability of juvenile 

plants to grow up into adult kelp plants. Experiments have shown that light 
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is an essential factor (but not the only factor) controlling theae two 

processes. 

We need to look briefly at the dynamics of the life cycle. 

(1) Reproduction, and recruitment of juvenile plsnts 

The adult plants produce minute propagulea (zoospores) that settle on 

the bottom and become either tiny aale or female stages called gametophytea. 

Each adult plant producss extremely larae numbers of these propagulea, perhaps 

continually throughout the year. rhus it ia probable that there are gamato-

phytes present, moat of the time, in abundance, on suitable areas of the 

bottom close to adult plants. the critical factor is the occurrence of a 

combination of suitable physical conditions (including, at least, adequate 

light and nutrients) that allow gametophytes to reproduce. The gametophytes 

that do reproduce, produce microscopically small kelp plants. This type of 

life cycle is known as alternation of generations. In kelp the microscopic 

gametophytes are the sexual stage. The sporophyte (the actual kelp plant) 

is the asexual stage. It is also microscopically small to begin with, but 

passes through juvenile and subadult stages to become the massive adult kelp 

plAilt. 

Gametophytes are killed by a variety of factors - abrasion, burial by 

sediments, and grazing by anilllels - and only a small fraction of them survive 

to produce sporophyte& (Kelp Appendix 1, p. 150). Even so, after a success-

ful reproductive "set", there are thousands of tiny sporophytes per square 

meter of cobble substrata. Unfortunately, it is extramely difficult to study 

these microscopically small plants in natural conditions. Quantitative 

studies have been done only on larger plants that have reached a height of 
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more than 10 Cl!l (.4 inches), At about 40 Cl!l (.16 inches) the plant becomes a 

juvenile (Figure 1). Once again, a variety of factors ld.ll most of the sporo­

phyte& before they become juvenile plants. 

It appears that the physical environment affects theae processes in 

the follovins way. Reproduction by gametophytes requires adequate light and, 

probably, a hiSh concentration of nutriants in the bottom water. When these 

conditione prevail, the gametophytes abaorb sunlight and nutrients each day, 

until they uture to a reproductive condition. Field experiments show that 

very fev sporophytes ever Appear froa gametopb1tea planted out 1110re than 40 

days. rhus, in the field, 40 days apparently is tbe max::IJmDu period during 

which this stage can accumulate the aunlisht needed for survival and reproduc­

tion. OVer this .period they need an average of at least .43 Einstein& per m2 

per day (Kelp Appendix 2, p. 5). (Onder good field conditions it is likely 

that the average successful gamatophyte manages to accumulate enough light 

in about 20 days.) The critical question for sporophyte recruitment, in any 

given year, is therefore: during the period in which gametophytea are present, 

what is the probability (.a) that enough light can be accumulated during at 

least one 4Q-day period (called a "light window"), and (b) that nutriEmts sre 

also adequate during the light window? 

It Appears that these two conditions co-occur only rarely. (a) The 

frequency of light windova varies with the situation. ln a very sparse part 

of the kelp bed, where adults were absent and vegetation had been cleared, all 

of the spring season conAisted of light windows (Kelp Appendix 3, Table 1, 

p. 5). However, in darker portions of the bed, where adults are present in 

abundance, none of the 40-day periods appeared to have received adequate light 
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on the bottom. With a light understory of other algae, and heavy adult 

canopy, about 30% of 40-day periods were light windows on the bottom. 

(b) It appears likely that nutrients are adequate only during periods 

of upwelling. In any given spring these periods last for only a few days, 

and occur not more than a few times per season (Kelp Appendix 1, Figure El, 

p. 260). 

Suitable conditions for reproduction occur mainly in the spring, 

although occasionally also in the fall. It appears that adequate conditions 

for reproduction occur, on average, only once every three years {Kelp Appen-

dix 2). At. any one time the bed is thus generally dominated by s "cohort:" 

of adult plants from a single episode of reproduction. 

As discussed below, SONGS is predicted to decrease the frequency at 

which conditions become suitable for reproduction. We cannot predict whether 

or not SONGS vill affect the .!!l:!!!!!l!!. of sporophytes or juvenile plants that 

arise from any given successful reproductive set. It is likely, however, 

that some factors will not have much effect on the number produced: 

Thus, 

unless the density of adult plants is catastrophically reduced, we assume 

(a) Each adult plant produces enormous numbers of gsmetophytes. 

that there will be enough gametophytes present to replenish the bed even When 

adult density is low. (This is equivalent to assuming there is density 

"compensation" in the survival of these Sllllll stages.) There must be some 

very low density of adult plants at which replanisbllent through a single 

reproductive set is not possible, but ve lllllka the conservative assumption 

that it is very low, lovar than is encountered during ''normal" conditions. 
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(b) With respect to light levels, reproduction is all-or-nothing. 

When adequate light is available, the number of tiny new plants (sporophytes) 

produced is independent of the light level. The number produced appears, 

instead, to be associated vith the amount of nitrogen in the bottom waters, 

and this is not expected to be affected by SONGS. 

The survival of sporophytes to the juvenile stage is determined by a 

range of factors (abrasion, sedimentation, gra:ing). 

(2) Survival from juvenile to adult stage 

Juveniles frequently suffer a higher death rate than adults (Kelp 

Appendix 1, pp. 93 and 95), so anything that prolongs the juvenile stage vill 

reduce both the eventual number of adults and the average density of kelp 

plants. Light affects the growth rate, and so does fouling. These factors 

are discussed later. 

The growth rate of juvenile kelp plants is highly variable. Some plants 

in a group develop from juvenile to adult in less than three months, while 

others take more than 13 :months. The survivorship from juvenile to adult 

stage is also highly variable, and depends on, among other factors, both the 

initial number of juveniles and the number of adults present. The fraction 

surviving tends to be higher when (a) fever juveniles are present initially 

(ltalp .Append:l.:lt 1, p. 82), and (&) fewer adults are present (Kelp Appendix 1, 

p. 84, and ltelp Appendix 2, p. 10). These relationships reflect an important 

result: except when very low densities of juveniles are present, the final 

number of adults present 18 roughly constant. (This means there is strong 

"compensation" or "densiry-dependence". U some factor reduces juvenile 

density, the nllllber of adults produced may be relatively unaffected.) 
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(3) SUIIIIllary of "normal" kelp population dynamics 

A final piece of information completes the picture of "normal" kelp 

bed population drnamics, namely that the average adult plant survives for 

about 12 months (Kelp Appendix 2, p. 11). That is, if we start out at some 

point in time with a cohort of adults produced by a successful reproductive 

"set" a year or more earlier, we can expect roughly half to die within 12 

months. By the end of two years roughly 25% of these adults will remain alive, 

and by the end of three years, roughly 12~% will remain alive. At this time, 

.!1.!!. average, we could expect another cohort of adults to appear. In reality, 

of course, the dynamics would not follow this average pattern, but would vary 

around it. For example, deaths occur mainly in winter storms, which vary in 

their severity from year to year; again, reproductive sets will sometimes be 

spaced one or two years apart, and sometimes four or five years apart. 

The ~of kelp plants in the bed thus fluctuates, rising rapidly 

after a successful recruitment event, and declining thereafter. However, the 

canopy area of the bed will not clearly follow this pattern since the surviving 

plants will continue to grow. The canopy area csn thus increase even though 

the number of plants may be decreasing. 

(B) Catastrophes 

We know little about the frequency of catastrophes in the SONGS area 

before the 1950s. Certainly the kelp beds in the general area were more exten­

sive and continuous when they were observed at various times earlier in the 

century than they have been since (Kelp Appendix 1, p. 12). It is likely that 

much of the cobble in this area has been covered by sediments since then. We 

do not know, however, if the beds were severely reduced between the infrequent 
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observations made before 1950. 

Two catastrophic die-offs have occurred since 1956 {Kelp Appendix 1, 

p. 12). The first, in 1958-59, was associated with high summer temperatures 

(hut may have been caused by associated low levels of nutrients). At this 

time 90% of Southern California kelp beds were destroyed. SOK was not re-

established for a period of 12 years (by 1972). In 1976, again a year of 

unusually high temperatures, SOK suffered a partial die-off, being reduced to 

less than 10% of its former extent, and only in the offshore segment did plants 

remain. Recruitment occurred about a year later, and recovery of the canopy 

took almost two more years. 

There are two means by which kelp disperses and, hence, beds recover 

or become re-established. First, the adult plant casts its mictoscopic off­

spring varying distances. Many offspring probably fall very close (a few 

meters) to the plant. (Observations at SOK show that some offspring may be 

dispersed one or two hundred meters from the bed, but we do not know if these 

were offspring from plants attached in the bed, or from plants that became 

detached and drifted from the bed.) Secondly, adult plants, torn loose in 

storms, drift and sometimes cast spores on suitable substrate far from their 

point of origin. Re-establishment of a bed therefore depends on chance events, 

and seems more likely when a source of "colonists" is close by. This is one 

reason why the longshore continuity of beds is important. Recovery of a kelp 

bed that has been drastically reduced, but not exterminated, depends mainly 

on local reproduction. Observations at SOK, in the very successful reproduc­

tive season of 1978, suggest that a la:rge "set" of new plants can arise from 

quite a sparse kelp bed, and that recovery can be rapid if the catastrophic 
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die-off is followed quickly by successful recruitment. By cont'l'ast, the 1958 

catastrophe suggests that IIUljor catastrophes can be"folloved by very long 

recove'l'Y periods because no o'l' ezt'l'~Y few plants survive locally. 

II. Eat:li!Ult:lng the Effects of SOHGS Unite 2 and 3 

(A} Predicted effects on kelp reproduction 

The two major factors affecting reproduction are light and nutrients. 

Increased turbidity caused by SOHGS' discharge will reduce the light in SOK 

during spring, the ma:ln reproductive season. The probable effects on repro­

duction vera estt=&ted by first calculating the expected reduction in light end, 

second, by calculating bow this should effect reproduction. SOHGS is not 

expected to alter nuerients on the bot tOll, wltere reproduction occurs. 

The probable levels of light that will preva:ll in the kelp bed ones Units 

2 and 3 are oparating were calculated in four steps (Kelp AppendiX 1, pp. 222-

241, and Turbidity Append!%). Firat, 8111bient light lavale near the bottom 

vera recorded. Second, a computer s:lmulatiott model of water movements near 

SONGS, including those caused by SOHGS' intake end diffuser systems, vas 

developed. Thie vu basad on information obtained from current meters placed 

in the ocean near SOIIGS, and from a physical model of SOIIGS-induced water 

mov-nta produced for Southam Califomis Edison. Third, measurements of 

natural turbidity levels were lllade in spring end sllllm8r. This inforJIII!.tion 

allowed prediction of expected levels of turbidity in the kelp bed for these 

two seasons. F:lnally, 118&8UH11811ts of light and turbidity levels in the field 

yielded a at'l'ODS quantitative relationship between light and turbidity. The 

calculations predict (conservatively) that in eprins, in the 6-ost important) 

offshore half of the bed, subsurface light levels on avarase will be reduced 
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by fr0111 2S% to SS%, with a 'l'Oughl.y 40% J:eduction be:lng 11!08t likely. No 8illt1i­

ticant reduction in light is expected :In the elnady turbid :Inshore segment. 

The offsbo'l'e half of the bed bas been the moat persistent du'l'ing cstast'l'ophe, 

has the densest canopy cc.mar, and constitutes 70% of the total SOK canopy 

cover. Subsudace light will ba much leas affected :In late •-r. 

A 40% reduction :lt1 subsurface light will reduce the number of 40-day 

light wiudove, and hence the probabUity of recruitment. The emount of reduc­

tion depends on the prevail:lng light regime. In a clasr part of the bed, 

were ell 4G-day periods are suitable, a 40% reduction in light would cut the 

number of light windows by 2o-30%. At other parts of the bed, IIbera light 

windows are already scarce, the reduction could be close to 100%. We will use 

a 20% J:eduction as a conservative estimate, aince the moat critical recru1t-

1Ullt events occur vben the bed is sparse and therefore ambient light levels 

will be high. 

To eat:llllate the potential effect of this reduction in underwate-r 

illUIIl:lnetion on reproduction, a modal of reproduction is useful. A crude 

modal, assuming that only !!!!!. coincidence of adequate light and nutrients is 

needed to provide succauful recruitment in a season, is as follows. In a 

season of D days, there is, each day, probability v that the day is the first 

of a light window, p'l'Obab:llity n that nutrients are adequate, and probability 

3 that there is an adequate supply of gametophytas. The probab:llity that a 

stven day will initiate successful recruitment is then vgn. If 4o-day periods 

can be treated independently, then the probab:llity that at least one day in 

the season will initiate recruitment ia 1-(l-wgn)D (Eelp AppendiX 4). 

SCE-SER 000624

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-3, Page 47 of 287
(638 of 2110)



rr 
~ 

-51-

This model can be used to estimate how a reduction in the number of 

light windows will affect recruitment. Suppose we reduce the number of light 

windows to a fraction (p) of their original number (in the case of a 20% 

reduction, p • .8). The probability a given day will begin a light window 

then becomes pw, and our model ia 1-(1-pwgn) 0• We assume that only when SOK 

is destroyed is g < I, so except when the bed is absent, the model becomes 

1-(1-pwn) D. 

If wgn, or wn, is small, (1-pwgn)0 ~ 1-Dpwgn, and the reduction in the 

probability of successful recruitment will be by a factor close to p. Other­

wise the reduction will be less than p. There are three cases: normal SOK 

population dynamics, SOK absent (when it is destroyed), and SOK reduced (when 

it is at very low densities). 

In normal times there is very little light in the bed and w is small. 

Furthermore, those partially shaded areas that do provide some windows suffer 

a greater than 20% reduction in windows. Thus a 20% reduction seems to be a 

conservative estimate. Note, with p • .8, the average time between recruitment 

events increases by s factor of 1/p • 1.25. That is, the average time between 

recruitment events would be expected to increase from about three years to 

almost four years. 

In the absent phase, g is very small, since recruitment depends on the 

rare event of a drifting kelp plant dropping spores on suitable substrate. 

Thus a 25% increase in the time to recruitment is a reasonable estimate. Even 

in the reduced phase, when w is intermediate and g = 1, n is likely to be very 

small and the time between recruitment events should increase by 25%. 

-S2-

Overall, therefore, it is reasonable to predict a 20% reduction in the 

probability of successful recruitment, and therefore a 25% increase in the 

average time between recruitment events. 

(B) Predicted effects on kelp growth and survival 

Light and fouling of kelp plants are the major factors that are expected 

Here to affect kelp growth. We discussed expected changes in light, above. 

we first describe fou11og and then discuss the relationships among light, 

fouling, and growth and survival of kelp. 

Fouling: Several species of small invertebrates settle and attach to 

kelp plants. Some build tubes from particles in the water, others merely live 

on .the kelp blades. Under normal conditions in SOK, fouling of juvenile kelp 

plants is rather light, although the fouling organisms are present. 

Several experimental studies show that the abundance of these fouling 

organisms on kelp plants and other surfaces is greater the closer they are to 

the discharge plume of Unit 1. This increase is caused by (probably several) 

factors associated with the plume, including increased particles in the water, 

and increased turbulence which stimulates the planktonic stages of some 

organisms to settle. lt is also associated with lower light levels, but is 

probably not caused directly by reduced light. 

There is evidence (Kelp Appendices 2 and 5) that increased fouling can 

reduce the growth of kelp plants, and damages them by causing them to lose 

blades, causing fronds to sink, and attracting fish and other predators. 

The relationships between light, fouling and growth were examined in 

an experiment in which juvenile kelp plants were transplanted to the Unit 1 

plume and to other areas in which underwater light levels varied {Kelp'Appen-
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diz 1, pp. 101-121; ltelp Appondbt 2, Table 11; Kelp Appendix 3, p. 6). A mul­

tiple f8&resai0tl of arowth rate (A log lqth in c:JtJ/day), versus irrsdiance 

(Khal/d) and percet cover by Meabranipora (a bryozoan that is a major fouling 

organism), explsinsd 99% of the variance in &rOifth in the experi11111t!tal juveUe 

plants at four locations at different distances from the SONGS Unit 1 dis-

charge. 

This uperimant suggests vary strongly that decreases in light and 

increases in fouling vill have a detrilllantal effect on lr.alp growth. tJnfor­

tunately, the relationships 81110118 the thrse factors (liaht, fouliDB end &rowth) 

are complex, and thia complexity prevets us from aalr.:lna a cOtlfident quanti­

tativa prediction. The uncertainty arises because (1) the effects of light 

and fouling on arowth are confounded, (2) the relstiODship between growth and 

light is different inshore and at SOK, (3) arowth and light do not always 

show a consistent relationship, and (4) we cannot predict quantitatively how 

fouling will thqe at S01t. 

(1) tower light vas always associated with greater foulina in this 

experi11111t!t, and so va cannot tall how 11111ch of the reduction in arowth was caused 

by aath of these factors. Fouling alone explained 95.3% of the variance in 

arowth, and light explained· 99.5% of the rlllll4ining variance, a aignificant 

fraction, so we know light has!.!!!!. affect. Light alone explainS 99.7% of 

the variance in growth, and fouliDB upla:lna 93.1% of the r~ variance 

(;,mich is not a atatiatic:ally significat fraction). We have, so far, bean 

unable to aaperata the affects of thaaa two factors upon growth. 

(2) The relation batwaan kelp arowt:h and light in SOK is different 

from the experimental ralstionehip established inahora. At a given light laval 
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kelp aroww faster in SOK tban it does inshore. 

(3) There is one pair of observations in SOK that shove kelp growiDB 

at ai1111lar rates at different light levels (Annual Report, p. 110, Tabla 4.2). 

(4} Fouling appears to be increesed by an increasing cODcentration of 

particles in the water, and by turbulece. We do not know the quantitative 

relationshipa inVOlved, and we do not have a precise prediction for these two 

variables under SONGS' operatiOD. Furthermore, the organillliiS uy 1) behave 

differently, 2) be a different 1llix of species, and 3) differ in abundance at 

SOK and inshore. Thus, we cannot predict the extent of fouling at SOK once 

SONGS Unite 2 and 3 basin operation. 

Ezpenments now underway should help resolve the relationship between 

light and arowt:h. 

In spite of difficulties of interpretation, however, the transplant 

experimant predicts that lr.alp arowt:h will be reduced when SONGS 2 and 3 are 

operating. Reduced growth would be expected to (a) reduce the average size 

of plants, and so reduce kelp biOIII&Sa and cover, and (b) reduce tlia number of 

lr.alp planta. We next explore quaatiOtl (b). 

Reduced arowth should reduce plant density because death rates of 

jUVIItlile and sub-adult stages are generally higher than those for adults, and 

plants would spand loDBer in the high death rate phases. Accord!DB to one set 

of celculations, this -uld lead to a 70% reductiO!! in the number of plants 

produced from a cohort of new juvanilaa (ltalp Appedix 2, pp. 13-17). If 

compensation operation, the reduction could be aa 8111all as 25%. 

We cannot place IIUCh reliance on thaaa particular figures because dif­

ferent seta of plausible asauaptiona and relatiOtlehipa give us different 
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estimates that range from a negligible effect to an even greater than 70% 

reduction in abundance (Kelp Appendix 5). Furthermore, we still have the 

problems of the confounding effects of fouling, and one pair of observations 

of similar growth at different light levels in SOK. 

No firm qu.antitative prediction can be made about growth and survivor-

ship. 

(C) Other factors associated with SONGS 

(1) Sedimentatiou 

Sedimentation appears to reduce the recruitmeot of new plants by 

smothering them and increasing abrasion. However, SONGS is expected to have 

no effect on the sedimentation rate on the bottom at SOK. 

(2) Sea urchins 

Sea urchius (Lytechinus) have caused a large amount (about 45%) of 

adult mortality in parts of the bed. They also appear to intarfere with re­

cruitment by grazing on the microscopic and very small stages of kelp. 

SONGS will probably increase the amount of particulate organic matter 

(POC) at SOB:. Schroeter et al. (Kelp Appeudix 5) show that urchins grow more 

1n.abore than offshore, and argue that this was caused by highar POC levels 

there. They conjecture that SONGS will tberefora increase urchin populations, 

and hence grazing prassure, in SOB:. This seems a reasonable prediction, but 

we cannot be certain it will occur because other factors (predation, etc.) 

also effect tba abundance of sea urchina. 

(3) Toxins 

lteduced growth and settlement of various organisms in the Unit 1 

diecharge plume have led investigators to postulate that tha plume contains 
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small qu.antitiu of toXin(s) - perhaps copper or chlorine. Southern California 

Edison claima that Unit 1 releases axtramely small amounts of copper, that 

copper will be virtually absent from the plumes of Units Z and 3, and that 

these units will also use little chlorine. 

There are no usable data on toxins from SONGS, and we cannot evalueta 

their possible rola. This point requires investigation. 

(4) Temperature 

SONGS ia expected to have very little effect on water temperatures 

in SOK (a less than 0.5°C average increase, a 1lllllt1muln of a 1 °C increase, and 

a non-detectable increase over moat of the bed) • 

(5) Nutrients 

The concentration of nutrients is expected to increase in SOK in 

surface and mid waters at soma periods of the year. We have no quantitative 

prediction of this effect, nor do we know the relationship between nutrient 

levels and adult plant growth. This mechanism could lead to greater plant 

growth (Plankton Appendix 2) • 

(D) 0'/uall effacts on the Wp bed 

The predicted reduction of recruitment, and an increase in mortality, 

would lead to a reducad dansity of kalp plants in the offshore portion of the 

bad. The48 twn effects plus reduced growth of individual plants and greater 

grazing by urcbina would raduce the &IIIOunt (l>iomass and cover) of kelp in the 

bed. Increased midvater nutrients could cause an increase in kelp growth. 

We cannot malta a quantitativa eatimste of tha ovarall effects. 

{!) Effect• on shrimp in the kelp canopy 

l!%periments carriad out at various dist.ancu from Unit 1 discharge 
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showed that shrimp densities on settling plates vera lower close to the dis­

charge. These spatial differences tended to disappear when SONGS vas not 

operating. It vas elao show that the death rate of shrimp in experimental 

containers vas greater closer to the Plant. 

The miocheniSlll causing these effects is not known, so no quantitative 

predictions of the effects of Units 2 and 3 can be made. 

Shrimp are important in the diets of various fish species that live in 

SOl: (ltelp Appendi::l: 5, PP• 12-13) • 

-sa-

~ 

1. Annual loss of mysida 

From the field s8111Pling program we lcnov hov mysid densities change as 

one goes offshore. Several species, constituting most of the mysid popula-

tion, are restricted to within 3 or 4 1cm of the shore (Mysid Appendix 1). 

Maximum mysid density occurs in the intalce zone. 

These data, plus information on the rate of SONGS' intake of water, 

allow us to calculate how 111any mysids will be taken into SONGS' intakes. 

Sampling at Unit l, and labo.ratory studies, suggest that all myaida taken into 

the cooling system will be killed. 

We are much less certain. of the number that vill be killed by the dis-

charge plume, which vill entrain about 10 times ita own volume of water. 

There are two possible sources of mortality. Firat, ·some mysida will die from 

turbulent shear forces created by the discharging water. We believe this will 

be a relatively minor source of mortality. Second, some mysids vill be carried 

further offahore in the plume and deposited offshore of their nor1IIBl habitat. 

There is as yet no reliable method for predicting the number of mysids dying 

in this way. 

2. My&id depreaaion 

(a) Depression caused by intake and diffuser mortality 

tf mysid mortality 1a of the order calculated in Section 1, we would 

expect there to be a lowering of mysid density downstream from the Plant. 

The extent and depth of the depression depends upon the rate of mixing with 

water that has not passed through the Plant, and on the ability of surviving 

myaids to compensate with increased reproduction, growth or survival. 
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The probable extent of the depression was estimated using a model that 

combines a description of water movements and the biology of the mysids 

(Mysid Appendix 4). The model describes both the ambient current regime and 

SONGS' plume, and moves mysids about accordingly. It incorporates the natural 

mortality rate of mysids (as determined from samples) and imposes on this rate 

the expected SONGS-induced mortality. The model incorporates 100% intake 

mortality and 20% mortality in the plume. (The model assumed that this was 

caused by turbulent shear. It is more likely that any diffuser losses will 

be caused by translocation; however, we use the output as an indication of the 

scale of possible effects.) 

The model predicts that, for much of the year, depressions on the order 

of 50% should exist out to 5 lr.m or more from the Plant, and that lesser depres-

sions should extend for more than 10 kn!. 

We need to view these predictions with caution. The model is not a 

precise description of reality; in particular, it becomes less accurate as it 

predicts events more distant from the Plane. Also, the amount of translocation 

mortality is not known. llhat the model does tell us is that we can expect to 

see a measurable depression in mysid density, at least several lr.m long, for 

much of the year, and it probably indicates the maximum size of the depression 

that could be caused by these mechanisms. 

(b) Depression caused by an unknown factor 

The Mysid Study group has data suggesting that Unit l presently causes 

s depression in mysid density of almost 50% that extends 6 km downstream 

(Myaid Appendix 3). This is the difference observed in the longshore pattern 

of abundance between samples taken when the Plant is on, and when it is off. 

-60-

There is statistical support for this claim, but there is a difficulty in 

that the ''Plant on" samples \1ere taken in October, while the "Plant off" 

samples were taken in spring, and the general level of mysid abundance was 

greatly different at these two seasons. Samples are being taken now, while 

the Plant is off, to resolve this issue. 

The Committee feels there is a further problem with these results. 

Even if it can be shown statistically that a depTession occurs when the Plant 

is on, but not when it is off, we know of no mechani~m that is likely to pro­

duce such an effect. (The actual kill via intake and plume mortality would 

not depress the population for such a distance, and the plume from Unit 1 rarely 

extends more than 3 lr.m from the Plant.) One suggested mechanism is that organo-

chlorine compounds from the Plant adhere to very small particles and settle 

out over a distance of 6 lr.m. We have no evidence concerning this mechanism. 

If the new studies confirm the existence of this depression, further work will 

be required on this question. 

If indeed there is a depression to 6 km caused by Unit 1, then it may 

be reasonable to expect that the enormous additional kill rate of Units 2 and 

3 will extend the depression to 10 km or so. Notice, however, that there is 

no evidence thst the plume from Units 2 and 3 will extend further downcoast 

than thst from Unit 1. thus there is no certainty that the additional intake 

and plume losses from Units 2 snd 3 \10uld extend an already existing depression. 

3. Significance of myaid losses 

Mysid populations are extensive along the coast, and our predictions do 

not imply that SONGS 'WOuld have a significant effect on the coastal populations. 

As stated in the ''Predictions", we do not expect these effects to have a major 
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impact on. the local popul.atioM of fodde-.: fish, although this ill eutaio.ly 

a prediction that ve need to chad: when Units 2 and 3 begin operating. 

-62-

~ 

1. The evidence that soma zooplanktoo.ic species are restricted close 

to shore can be found in Plankton Appendix 1. The centers of abundance of the 

inner nearshore species are in the areas of the intake and diffusers, and 

these species are therefore subject to grestel: SONGS pressures than other less 

restricted species. Some of the zooplankton. restricted to the inner nearshore 

tend to live closer to the bottom where the longshore cur-cents are slower 

(MaC Interim Report 1979..02 (II). p. 17), and as a eonaequence their longshore 

replacement (mixing) rates could be lower than those for other species. In 

addition, some of the non-rest-.:icted species could be replaced by individuals 

from farther offshore. All of this would favor the non-rastrictad.epecias in 

the recovery from SONGS losses and would tend to promote a shift in relative 

abundenee. 

2. Synoptic samples taken in the intake and discharge ports of SONGS 

Unit 1 diiiiiOIIetrata that few of the withdrawn :ooplenkton oecur in the dis­

eharged vaters (MaC Intarilll Report 1979, and Plankton Appsndix 2). Presumably, 

they are constmed during their journey through the intake conduit by the 

bantldc organi111111 that live on the inner walls. 'tbeee benthic organi81118 are 

pursed fro~~~ the cooling system during heat treatvllmt and revarn flow, and 

become part of the inshore bantbic food chain. the eetilllatee of plankton 

deneitiea uaed in predictins intake loasee can he found in Plankton Appendix 

2. 

The eetimate of zooplankton entrainment by diffusere is based on total 

macrozooplankton (zooplankton sreater than .2 - in width) plus the lllicro­

zooplanktO'llic spseiea Euterpins acutifrons. l!uteriins was included because 
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it forms a major part of the diets of most fish larvae and some fodder fish 

in the area. Using the field samples from 20 dates for macrozooplankton and 

from 5 dates for Euterpina, the mean concentraeions we~e calculated for dif-

ferent positions expected to be affected by diffuser entrainment (Plankton 

Appendix 2). This estimate of about 4 x 104 metric tons of :ooplankton entrained 

per year was based on the assumption that equal entrainment occurred at all 

depths over the full length of the diffusers. The assumption that 10% of 

those entrained are killed results in an estimate of 4000 metric tons. 

Moat of the zooplankton biomass moved offshore by diffuser entrainment 

is likely to be eaten by adult and juvenile anchovies, top smelt, and black-

smiths. According to the HRC Fish Group, the blacksmith should inc~ease in 

abundance because the diffuser ~ip-rap provides new habitat and the diffuser 

plume provides a continual source of zooplankton. In the absence of SONGS 

these secondarily entrained. zooplankton would have been available to the sa.a 

predators and to the late larval stages of the fodder fish Genyonemus and 

Seriphus. 

3. The diffuser discharges will result in replacement of part of the 

offshore surface water by a plume consisting of a mixture of nutrient-rich 

waters from closer to shore and nearer the bottom. The detailed methods used 

in estimating the amount of nitrate plus nitrite added to the surface waters, 

and the conversion of these estimates to estimated phytoplankton production, 

are explained in Plankton Appendix 3. 

SONGS will induce a real net increase over present primary production 

off San Onofre. First, in surface and mid waters where chlorophyll is high, 

nutrients are low, suggesting that when nutrients get into the high chlorophyll 
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waters they are taken up rapidly. Conversely, the presence of deeper waters 

high in nutrients and low in chlorophyll presumably indicates thst the phyto­

plankton there are utilizing nutrients st a lower rate (Plankton Appendix 3). 

Therefore the nutrients in the bottom vaters upwelled by the diffusers will be 

utilized at a far higher rate when they reach the surface. 

Second, the waters replacing the entrained waters will also be high in 

nutrients and low in productivity. During periods of moderate to strong long­

shore currents, entrained water will be replaced primarily from longshore and 

similar depths. Under very sluggish conditions most of the entrained waters 

will come from offshore. In both cases, the water will be rich in nutrients 

(Plankton Appendix 3). 
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son BOTT(J{ CXIl!IDNiriES 

The basie for the predictions can be found in Soft Bottom Co.-unities 

Appendices 1 and 2; 

1. Probable aedimetit effects were estimated by establishing the exist-

ing statistical relationships among abundance, diversity and characteristics 

of the sediments. Probable changes in the sediments vera estimated (very 

approximately) from informati~ about the weights of various materials in the 

SONGS' plumes, from information about water movements, and from information 

about the settling rates of various classes of materials. 

2. Some 17% of the benthic species at some time rise into the water 

column and are at risk to entrainment by the intake or the discharging water. 

J1 Too little is known about this group to make a firm quantitative estimate of 
~ 

losses, but we expect them to be roughly the same as mysid losses. 

We are very uncertain about possible losses of planktonic larvae and 

th.e potential effects. This group of plankton is very poorly known. We do 

have data showing that the larvae of some intertidal and nearshore species are 

restricted inshore. Bovever, we cannot estimate losses of benthic larvae 

because we do not know how to estimate mortality caused by the plume. Finally, 

although we know for some rocky bottom species that have been studied, that 

larval settll!llent far exceeds the number needed to maintain !;he adult popula­

tion, ve do not knov if this is always the caae, or if it is true for soft 

bottoms. If it were, likely raduetions in larval settlement would have no 

effect on adult numbers. 

It is possible that aoms intertidal and shallow vatet species will show 

reduced adult densities close to SONGS. Bovever, it seems likely that total 

-· --··---·---~~~=-
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densities will not be significantly reduced, and that any reduction of a 

particular species will be lllllde up by increased denaity of others. 

3. Thl! enrichment of bottom aedimetits should have virtually no effect 

on the production of sport and c011111ereial fieh. Thl! enr:lchlllent. derives from 

SONGS' killing of organisms in the water column, and so represents a shift of 
materiel. The fo.od chains on the soft bottom eventually lead to the 4aliiQ 

group of sport and commercial fish species as do planktonic food chains; 

however, there should be some additional losses of this 1114terial aa it passes 

up the benthic food chain. 
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HARD BO'l"!C!! CC!!MUNITIES 

The Hard Benthos Project (Hard Benthos Appendix) hss shown clear dif-

ferences between nearshore and offshore communities on the underside of 

experimental panels, and s~ degree of similarity between the communities 

on panels and on natural boulders. There is also a correlation between these 

differenees and turbidity; and the inshore species grow faster than offshore 

species at high turbidity. 

We believe there is no strong evidence that major changes .. will occur 

in this co=munity. Several factors prevent us from making quantitative 

predictions, including the lack of close similarity between experimental 

panels and the tops of boulders, and the lack of quantitative relationships 

'j1 between possible changes and turbidity levels. 
!:!1 
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Figure 1. Offshore profile of the cooling system of SONGS Units 1, 2 and 3. 
(Modified from Figure II-3, Southern California Edison, San Diego 
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APPENDIX F 

EVACUATION MODEL 

"Evacuation," used in the context of offsite emergency response in the event of substantial 
amount of radioactivity release to the atmosphere in a reactor accident, denotes an early and 
expeditious movement of people to avoid exposure to the passing radioactive cloud and/or to 
acute ground contamination in the wake of the cloud passage. It should be distinguished from 
"relocation" which denotes a post-accident response to reduce exposure from long-term ground 
contamination. The Reactor Safety Study1 (RSS) consequence model contains provision for 
incorporating radiological consequence reduction benefits of public evacuation. Benefits of a 
properly planned and expeditiously carried out public evacuation would be well manifested in 
reduction of acute health effects associated with early exposure; namely, in the number of 
cases of acute fatality and acute radiation sickness which would require hospitalization. The 
evacuation model originally used in the RSS consequence model is described in WASH-1400 1 as 
well as in NUREG-0340.2 However, the evacuation model which has been used herein is a modified 
version3 of the RSS model and is, to a certain extent, site-emergency-planning oriented. The 
modified version is briefly discussed below. 

The model utilizes a circular area with a specified radius (such as a 16-km (10-mi) plume 
exposure pathway emergency planning Zone (EPZ)), with the reactor at the center. It is 
assumed that people living within portions of this area would evacuate if an accident should 
occur involving imminent or actual release of significant quantities of radioactivity to the 
atmosphere. 

Significant atmospheric releases of radioactivity would in general be preceded by one or more 
hours of warning time (postulated as the time interval between the awareness of impending core 
melt and the beginning of the release of radioactivity from the containment building). For 
the purpose of calculation of radiological exposure, the model assumes that all people who 
ltve in a fan-shaped area (fanning out from the reactor) within the circular zone, with the 
downwind direction as its median (i.e., those people who would potentially be under the 
radioactive cloud that would develop following the release) would leave their residences after 
a specified amount of delay ttme* and then evacuate. The delay time is reckoned from the 
beginning of the warning time and is the sum of the time required by the reactor operators to 
notify the responsible authorities; the time required by the authorities to interpret the 
data, decide to evacuate, and direct the people to evacuate; a·nd the time required for the 
people to mobilize and get underway. 

The model assumes that each evacuee would move radially outward in the downwind direction with 
an average effective speed* (obtained by dividing the zone radius by the average time taken to 
clear the zone after the delay time), over a fixed distance* from the evacuee's starting point, 
which is somewhat greater than the zone radius. This distance is selected to be 24 km (15 mi) 
when the selected zone radius is 16 km (10 mi). After reaching the end of the travel distance 
the evacuee is assumed to receive no further radiation exposure. Persons who are outside the 
evacuation radius are assumed to remain in place for seven days prior to relocating, unless 
remaining for that long a period of time would produce a dose greater than 200 rem to the 
whole body. In that case, relocation takes place after 24 hours, with a dose appropriate to 
that time period. 

The model incorporates a finite length of the radioactive cloud in the downwind direction, 
which would be determined by the prodyct of the duration over which the atmospheric release 
would take place and the average windSpeed during the release. It is assumed that the front 
and the back of the cloud formed would move with an equal speed, which would be the same as 
the prevailing windspeed; therefore, its length would remain constant at its initial value. 
At any time after the release, the concentration of radioactivity is assumed to be uniform 
over.the length of the cloud. If the delay time were less than the warning time, then all 
evacuees would have a headstart, i.e., the cloud would be trailing behind the evacuees 
initially. On the other hand, if the delay time were more than the warning time, then 
depending on initial locations of the evacuees, there are possibilities that (a) an evacuee 
will still have a headstart, (b) the cloud would be already overhead when an evacuee starts to 
leave, or (c) an evacuee would be initially trailing behind the cloud. However, this initial 
picture of cloud-people disposition would change as the evacuees travel, depending on the 

*Assumed to be constant value for all evacuees. 
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relative speed and position between the cloud and the people. The cloud and an evacuee might 
overtake one another one or more times before the evacuee would reach his or her destination. 
In the model, the radial position of an evacuating person, while stationary or in transit, is 
compared to the front and the back of the cloud as a function of time to determine a realistic 
period of exposure to airborne radionuclides. The model calculates the time periods during 
which people are exposed to radionuclides on the ground while they are stationary and while 
they are evacuating. Because radionuclides would be deposited continually from the cloud as 
it passed a given location, a person who is under the cloud would be exposed to ground con­
tamination less concentrated than if·the cloud had completely passed. To account for this, at. 
least in part, the revised model assumes that persons are (a) exposed to the total ground 
contamination concentration which is calculated to exist after complete passage of the cloud 
after they are completely passed by the cloud, (b) exposed to one half the calculated con­
centration when anywhere under the cloud; and (c) not exposed when they are in front of the 
cloud. The model provides for use of different values of the shielding protection factors for 
exposure due to airborne radioactivity and contaminated ground. Breathing rates for stationary 
and moving evacuees during delay and transit periods are specifically included. 

It is realistic to expect that authorities would evacuate persons at distances from the site 
where exposures above the threshold for causing acute fatality could occur, regardless of the 
EPZ distance. Figure F-1 illustrates the reduction in acute fatalities that can occur by 
extending evacuation to distances up to 48 km (30 mi) from the San Onofre site. (The evacuation 
distance used in the Reactor Safety Study1 was 40 km (25 mi).) Also illustrated in Figure F-1 
is a more pessimistic case for which no early evacuation is assumed. For this case, all persons 
within 16 km (10 mi) of the plant are assumed to be exposed for the first 24 hours following 
an accident and are then relocated. Compared to the pessimistic scenario, evacuation of a 48 km 
(30-mi) zone shows a reduction in acute fatalities of a factor of 10 at 10-8 probability. 

The model has the same provision for calculation of the economic cost associated with implementa­
tion of evacuation as in the original RSS model. For this purpose, the model assumes that for 
atmospheric releases lasting three hours or less, all people living within a circular area of 
8-km (5 mi) radius centered at the reactor plus all people within a 45-degree angular sector 
within the plume exposure pathway EPZ and centered on the downwind direction will be evacuated 
and temporarily relocated. However, for releases exceeding three hours, the cost of evacuation 
is based on the assumption that all people within the plume· exposure pathway EPZ would be 
evacuated and temporarily relocated. For either of these situations, the cost of evacuation 
and relocation is assumed to be $125 (1980 dollars) per person which includes cost of food, 
and temporary sheltering for a period of one week. 

REFERENCES 

1. "Reactor Safety Study," WASH-1400, USNRC Report NUREG-75/014, October 1975.* 

2. "Overview of the Reactor Safety Study Consequences Model," USNRC Report NUREG-0340, 
October 1977.* 

3. "A Model of Public Evacuation for Atmospheric Radiological Releases," SAND 78-0092, June 
1978.** 

*Available from the NRC/GPO Sales Program, Washington, DC 20555, and the National Technical 
Information Service, Springfield, VA 22161. 

**Available for inspection and copying for a fee in the NRC Public Document Room, 1717 H St. 
N.W., Washington, DC 20555. 
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September 2014 iii NUREG 2157 

Abstract 

This Generic Environmental Impact Statement for Continued Storage of Spent Nuclear Fuel 
(GEIS) generically determines the environmental impacts of continued storage, including those 
impacts identified in the remand by the Court of Appeals in the New York v. NRC decision, and 
provides a regulatory basis for a revision to 10 CFR 51.23 that addresses the environmental 
impacts of continued storage for use in future NRC environmental reviews.  In this context, “the 
environmental impacts of continued storage” means those impacts that could occur as a result 
of the storage of spent nuclear fuel at at-reactor and away-from-reactor sites after a reactor’s 
licensed life for operation and until a permanent repository becomes available.  The GEIS 
evaluates potential environmental impacts to a broad range of resources.  Cumulative impacts 
are also analyzed. 

Because the timing of repository availability is uncertain, the GEIS analyzes potential 
environmental impacts over three possible timeframes: a short-term timeframe, which includes 
60 years of continued storage after the end of a reactor’s licensed life for operation; an 
additional 100-year timeframe (60 years plus 100 years) to address the potential for delay in 
repository availability; and a third, indefinite timeframe to address the possibility that a repository 
never becomes available.  All potential impacts in each resource area are analyzed for each 
continued storage timeframe.  

The GEIS contains several appendices that discuss specific topics of particular interest, 
including the technical feasibility of continued storage and repository availability as well as the 
two technical issues involved in the remand of New York v. NRC—spent fuel pool leaks and 
spent fuel pool fires.  Finally the GEIS contains NRC’s responses to public comments on the 
draft GEIS and proposed Rule and in doing so provides additional technical background on, and 
explanation of, the GEIS’s analyses and conclusions.  

The GEIS also discusses the NRC’s Federal action—the adoption of a revised Rule, 
10 CFR 51.23, to codify (i.e., adopt into regulation) the analysis in the GEIS of the 
environmental impacts of continued storage of spent fuel—and the options the NRC could 
take under the no-action alternative.   
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ES.3 Why Has the NRC Developed a Generic Environmental 
Impact Statement? 

Since the Waste Confidence Rule was originally developed in 1984, the NRC has periodically 
updated the Rule, with the last update completed in 2010.  A number of parties challenged the 
2010 Waste Confidence Rule in court, and in June 2012, the Court of Appeals for the District of 
Columbia Circuit ruled that the 2010 Waste Confidence rulemaking did not satisfy the NRC’s 
NEPA obligations.  The Court of Appeals identified deficiencies in the 2010 Waste Confidence 
rule related to the NRC’s environmental analysis of spent fuel pool fires and leaks, and the 
environmental impacts should a repository not become available. 

In response to the Court of Appeals' ruling, 
the Commission decided that the NRC would 
not issue any final licenses that relied upon 
the Waste Confidence Rule until the NRC 
addressed the deficiencies identified by the 
Court of Appeals (Commission Order CLI–
12–16).  The Commission separately directed 
the staff to develop an updated Waste 
Confidence decision and Rule supported by an environmental impact statement (SRM-
COMSECY-12-0016).  The staff has prepared this GEIS to satisfy its NEPA obligations 
regarding the environmental impacts of continued storage of spent fuel in an efficient manner.  
The GEIS provides a regulatory basis for the revision of the Rule.  Chapter 1 of the GEIS 
provides a more detailed discussion of the history of the Waste Confidence rulemaking. 

ES.4 What is the Proposed 
Action Being Addressed 
in this GEIS? 

The proposed Federal action is the adoption of a 
revised rule—10 CFR —that codifies the 
analysis in the GEIS of the environmental 
impacts of continued storage of spent fuel. 

 

To comply with The National Environmental 
Policy Act of 1969 (NEPA) Federal agencies: 

 assess the environmental impacts of major 
Federal actions, 

 consider the environmental impacts in making 
decisions, and 

 disclose the environmental impacts to the public. 

Why is the NRC evaluating continued 
storage on a generic basis? 

The NRC considers the continued storage of 
spent fuel an activity that is similar for all 
commercial nuclear power plants and storage 
facilities.  Therefore, a generic analysis is an 
appropriate, effective, and efficient method of 
evaluating the environmental impacts of 
continued storage.  Other examples of NRC 
generic environmental evaluations include the 
License Renewal GEIS (NUREG
Decommissioning GEIS (NUREG
the In-Situ Leach Uranium Milling Facilities 
GEIS (NUREG 1910). 
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 The short-term storage timeframe (60 years beyond the 
licensed life for operation of the reactor) includes routine 
maintenance and monitoring of the spent fuel pool and 
ISFSI and transferring spent fuel from pools to dry cask 
storage.  Because decommissioning is required to be 
completed within 60 years after a reactor shuts down 
(unless additional time is necessary to protect public 
health and safety), the NRC assumes that all spent fuel 
will be moved from spent fuel pools to dry cask storage 
by the end of the short-term storage timeframe.  For an 
away-from-reactor ISFSI, this timeframe includes 
construction and operation, including routine 
maintenance and monitoring, at the facility. 

 The long-term storage timeframe (100 years beyond the 
initial 60-year [short-term] storage timeframe) includes 
activities such as continued facility maintenance, 
construction and operation of a DTS, and replacement of ISFSI and DTS facilities, including 
casks. 

 The indefinite storage timeframe (no repository becomes available) assumes that the 
activities associated with long-term storage continue indefinitely, with ISFSI and DTS 
facilities being replaced at least once every 100 years. 

The NRC also looked at ongoing regulatory activities that could affect the continued storage of 
spent fuel, including regulatory changes resulting from lessons learned from the September 11, 
2001 terrorist attacks and the March 11, 2011 earthquake and tsunami that damaged the 
Fukushima Dai-ichi plant in Japan.  Appendix B discusses a number of ongoing regulatory 
program reviews that ensure the safety and security of spent fuel storage and transportation. 

ES.14 How did the NRC Describe Environmental Impacts? 
NRC used terms from other NEPA documents, such as those for license renewal or new 
reactors, to define the standard of significance for assessing environmental issues. 

SMALL—Environmental effects are not detectable or are so minor that they will 
neither destabilize nor noticeably alter any important attribute of the resource. 

MODERATE—Environmental effects are sufficient to alter noticeably, but not to 
destabilize, important attributes of the resource. 

MOX fuel is a type of nuclear 
reactor fuel that contains plutonium 
oxide mixed with either natural or 
depleted uranium oxide, in ceramic 
pellet form.  This fuel differs from 
conventional nuclear fuel, which is 
made of pure uranium oxide. 

Small modular reactors are 
nuclear power plants smaller in 

an current 
generation baseload plants (e.g., 
1,000 MW(e) or higher).  These 
compactly designed reactors are 
factory-fabricated and can be 
transported by truck or rail to a 
nuclear power plant site. 
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Abstract 

This Generic Environmental Impact Statement for Continued Storage of Spent Nuclear Fuel 
(GEIS) generically determines the environmental impacts of continued storage, including those 
impacts identified in the remand by the Court of Appeals in the New York v. NRC decision, and 
provides a regulatory basis for a revision to 10 CFR 51.23 that addresses the environmental 
impacts of continued storage for use in future NRC environmental reviews.  In this context, “the 
environmental impacts of continued storage” means those impacts that could occur as a result 
of the storage of spent nuclear fuel at at-reactor and away-from-reactor sites after a reactor’s 
licensed life for operation and until a permanent repository becomes available.  The GEIS 
evaluates potential environmental impacts to a broad range of resources.  Cumulative impacts 
are also analyzed. 

Because the timing of repository availability is uncertain, the GEIS analyzes potential 
environmental impacts over three possible timeframes: a short-term timeframe, which includes 
60 years of continued storage after the end of a reactor’s licensed life for operation; an 
additional 100-year timeframe (60 years plus 100 years) to address the potential for delay in 
repository availability; and a third, indefinite timeframe to address the possibility that a repository 
never becomes available.  All potential impacts in each resource area are analyzed for each 
continued storage timeframe.  

The GEIS contains several appendices that discuss specific topics of particular interest, 
including the technical feasibility of continued storage and repository availability as well as the 
two technical issues involved in the remand of New York v. NRC—spent fuel pool leaks and 
spent fuel pool fires.  Finally the GEIS contains NRC’s responses to public comments on the 
draft GEIS and proposed Rule and in doing so provides additional technical background on, and 
explanation of, the GEIS’s analyses and conclusions.  

The GEIS also discusses the NRC’s Federal action—the adoption of a revised Rule, 
10 CFR 51.23, to codify (i.e., adopt into regulation) the analysis in the GEIS of the 
environmental impacts of continued storage of spent fuel—and the options the NRC could 
take under the no-action alternative.   
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future licensing reviews that are the bases for the cost analysis, while the NRC addresses  
un  

sts and benefits of the proposed action 
and the potential options in the case of no action.  The cost for the proposed action (adopting a 

is significantly lower than the cost for any of the no-action options.  This 
occurs primarily because the NRC does not undertake site-specific reviews of the continued 
storage issue in the course of individual licensing proceedings as part of the proposed action.  
In general, the potential options in the case of no action are more costly than the proposed 
action.   

The NRC provides cost information about continued storage facilities and activities in Chapter 2 
in response to a large number of public comments on the draft GEIS that requested this 
information.   

ES.21 What is the NRC’s Recommendation? 
Section 
preferred alternative.  The NRC recommendation is based on (1) the NRC’s analysis of the cost-
benefit balance of the proposed action and the options in the case of no action as presented in 

-scoping and draft GEIS comments in the 
development of the final 
proposed action or the NRC’s options in the case of no action; and (4) the determination that the 
environmental impacts of continued storage analyzed in the GEIS are unaffected by the NRC’s 
choice of a particular administrative approach for considering the environmental impacts of 
continued storage in NRC licensing processes. 

ES.22 How is the GEIS Related to the Rule? 
This GEIS provides a regulatory basis for the NRC’s revised Rule,   
Appendix B of the GEIS contains detailed information about the previous Waste Confidence 
proceedings, and addresses two relevant topics from Waste Confidence proceedings:  (1) the 
technical feasibility of continued safe storage and (2) repository availability.  NRC’s conclusions 
regarding these topics continue to undergird the agency’s environmental analysis. 

The NRC recommendation is to select the proposed action—adopting a 
revision to 
GEIS—as the preferred alternative. 
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 years after the permanent cessation of 
, by the end of the short-

 

site-
of th

 
 actions 

that would be subject to separate site-
decommissioned separately. 

  
long-term storage timeframe.  If the DTS is built at the beginning of the long-term storage 
timeframe, it could be near the end of its useful life by the end of that storage timeframe.  
To 
long-term storage timeframe. 

 -from-
earliest an away-from- -term timeframe is when the first of 
these reactors reaches the end of its licensed life for operation. 

 The amount of spent fuel generated is based on the assumption that the nuclear power 
plant operates for 80 years (40-year initial term plus two 20-year renewed terms).4 

 uranium storage capacity reaches its licensed 
capacity limit about 
some of the spent fuel would need to be removed from the spent fuel pool and transferred to 
a dry cask storage system at either an at-reactor or away-from-  

 The environmental impacts of constructing a “spent fuel pool island,” which allows the spent 
fuel pool to be isolated from other reactor plant systems to facilitate decommissioning, are 
considered within the analysis of cumulative effe
pool cooling system would be smaller in size and have fewer associated impacts than 

spent fuel pool cooling system in support of continued storage in the spent fuel pool, would 
 

 
constructed during the licensed life for operation. 

                                                 4 
although no licensee has yet submitted an application for such a subsequent renewal.  This GEIS 
included two renewals as a conservative assumption in evaluating potential environmental impacts. 
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Because continued operation of the ISFSI, construction and operation of the DTS, and 
replacement of the ISFSIs and DTSs would not significantly alter the landscape of an at-reactor 
ISFSI, the NRC concludes that the potential environmental impacts on aesthetic resources 
during long-term storage would be SMALL. 

4.14.3 Indefinite Storage 

If a repository is not available, current practices of using at-reactor ISFSIs are expected to 
continue indefinitely.  At the end of each 100-year cycle, the previously reclaimed land would be 
used to construct the replacement ISFSIs and DTSs.  The potential activities and their impacts 
would be the same as those described in Section 4.14.2 for long-term storage, but would 
continue to occur repeatedly.  Therefore, the NRC concludes that the indefinite onsite storage of 
spent fuel would result in SMALL impacts on aesthetic resources. 

4.15 Waste Management 
This section describes potential environmental impacts from low-
mixed waste, and nonradioactive waste management and disposal caused by the continued 
storage of spent fuel in spent fuel pools and at-reactor ISFSIs. 

Section 3.14 identified the types of waste generated by continued storage of spent fuel, 
and nonradioactive, nonhazardous waste.  The 

environmental impacts of hazardous waste and nonradioactive, nonhazardous waste are 
discussed together in this section as nonradioactive waste, unless otherwise noted. 

Impacts from the transportation of waste are discussed in Section 4.16.  The public and 
occupational health impacts associated with at-reactor radioactive waste-management activities 

 

4.15.1 Short-Term Storage 

nonradioactive waste during short-term continued storage are discussed in the following 
sections. 

4.15.1.1 Low-Level Radioactive Waste 

The continued operation of a spent fuel pool would 
wet wastes from processing and recycling contaminated liquids.  In the License Renewal GEIS, 
the environmental impacts associated with the management, onsite storage, and disposal of 

for an additional 20 years of operation were determined to be SMALL during normal 
reactor operation  
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2001).  The NRC assumes that an away-from-reactor ISFSI at any site has the same spent fuel 
capacity and a similar physical size; therefore, doses to workers and to the public would be 
similar to those calculated for the PFSF.  The NRC concludes that public and occupational 
health impacts from operations during the long-term storage timeframe would be minor. 

During the long-term storage timeframe, the NRC expects that the licensee would have to build 
a DTS for repackaging of spent fuel canisters.  The operation of the DTS would involve 
increased doses to workers and a very small increase in dose levels at the site boundary 
(estimated at roughly 0.8 km [0.5 mi] based on the size of the site).  However, the licensee 
would still be required to comply with the dose li
Part 20.  In addition, the NRC assumes that the casks, pads, canister transfer building, and DTS 
would require replacement during the long-term storage timeframe.  The health impacts related 
to these activities would be similar to those for the original construction of the facility. 

Based on the information above, the NRC concludes that the public and occupational health 
impacts of ISFSI operations and construction and demolition activities during the long-term 
timeframe of storage would be SMALL. 

5.17.3 Indefinite Storage 

The public and occupational impacts of continuing to store spent fuel without a repository would 
be similar to those des
and replacement) and associated human health impacts would remain the same.  The main 
difference is that these activities would be repeated over a longer period of time.  Based on this 
information, the NRC concludes that the impacts on human health during long-term storage at 
an away-from-reactor ISFSI would be SMALL. 

5.18 Environmental Impacts of Postulated Accidents 
In this section, the NRC considers the environmental impacts of postulated accidents involving 
continued storage of spent fuel at an away-from-reactor ISFSI.  The fuel will be stored in dry 
storage casks licensed by the NRC.  As discussed in Chapter 1, the NRC assumes that a DTS 
would be constructed to facilitate canister and cask replacement for long-term and indefinite 
storage.  The consequences of accidents for a dry cask storage facility are summarized in 
Sections 4.18.1.2 and 4.18.2.2.  The types and consequences of accidents for the away-from-
reactor ISFSI are represented by the Chapter 4 results because of the similarities between the 
at-reactor ISFSIs and any away-from-reactor ISFSI (i.e., because the types of casks used to 
store the fuel and the process for licensing those casks are the same).  

This section of the GEIS follows a different format than the rest of the document.  Because the 
impacts from accidents are substantially the same across the three timeframes—short-term, 
long-term, and indefinite—the GEIS presents the various accident types only once. 
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NRC 
Spent Nuclear Fuel, High-Level Radioactive Waste, and Reactor-Related Greater than Class C 
Waste,” require that structures, systems, and components important to safety shall be designed 
to withstand the effects of natural phenomena (such as, earthquakes, tornadoes, hurricanes) 
and human-induced events without loss of capability to perform their safety functions.  NRC 

 Evaluation Factors,” also require 
applicants to consider, among other things, physical characteristics of sites that are necessary 
for safety analysis or that may have an impact on plant design (e.g., the design earthquake).  
These characteristics are to be identified and characterized so that they may be taken into 
consideration when determining the acceptability of the site and design criteria of the facility. 

In the PFSF EIS, the NRC examined environmental impacts from accidents at the proposed 
PFSF.  This included two events (i.e., extreme winds and 100 percent air duct blockage) that 
could cause higher-than-normal radiation exposures to workers.  In that analysis, the NRC 
postulated that the high-wind event resulted in wind-borne missiles that damaged the concrete 
overpack, which resulted in reduced shielding.  The reduced shielding would cause slightly 
higher occupational doses and only negligible increases in radiation doses to a member of the 
public at the boundary of the owner-controlled area.  The NRC considered the occupational 
doses that would be received upon transfer of the undamaged canister to a replacement cask.  
The NRC estimated that the dose from transfer operations would result in a collective 

- son-mrem).  In the second event involving 
blocked vents, the NRC estimated that the dose to a worker that removes the blockage from the 
vents would be 0.586 mSv (58.6 mrem) to the hands and forearms, and 0.386 mSv (38.6 mrem) 
to the chest, which is below regulatory limits for workers (NRC 2001).  Because of the 
similarities between the PFSF and any away-from-reactor ISFSI (i.e., because the types of 
casks used to store the fuel and the process for licensing those casks are the same), the 
results would be similar to those for the PFSF.  Therefore, the impacts of these accidents would 
be minor. 

In addition to the credible events described above, for the PFSF the NRC also considered an 
accident, not considered credible, in which a canister leaks.  The NRC estimated that the 
resulting total effective dose equivalent resulting from a 30-day leak to an individual at the 
owner-
30 days that result from radioactive material deposited on 

 mrem/yr) (NRC 2001).  These values are below dose limits in 10 CFR Part 20 and 
10 CFR , the NRC determined that these impacts would have been SMALL 
(NRC 2001).  Because of the similarities between the facilities, the results would be similar for 
any away-from-reactor ISFSI and the impacts would be minor. 

While the results described from the PFSF EIS are specific to that facility, the PFSF and away-
from-reactor ISFSI are similar and subject to the same regulations for casks and operations.  
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The NRC therefore concludes that these results are representative of the impacts for an away-
from-reactor ISFSI at a different location.  Therefore, the NRC concludes that the impacts of 
postulated accidents would be SMALL during the three storage timeframes. 

5.19 Potential Acts of Sabotage or Terrorism 
Section 4.19 provides background regarding the NRC approach to addressing acts of terrorism 
in relation to dry cask storage.  That information is also applicable to an away-from-reactor 
ISFSI.  As with the accident impacts analysis in Section 5.18, the impacts from terrorist acts are 
substantially the same across the three timeframes—short-term, long-term, and indefinite—and 
are therefore discussed only once. 

The same safeguard -reactor ISFSI 
under a site-specific license and an away-from-reactor ISFSI.  Safeguard requirements at at-
reactor specifically licensed ISFSIs are described in Section 4.19.2 of this GEIS.  In that section, 
the NRC concluded that both the probability and consequences of a successful attack on an at-
reactor ISFSI are low and, therefore, the environmental risk is SMALL.  Therefore, the NRC 
concludes that the results from Section 4.19.2 would also be applicable to an away-from-reactor 
ISFSI, and the associated impacts would be SMALL during the three storage timeframes. 

5.20 Summary 
The impact levels determined by the NRC in the previous sections for away-from-reactor dry 
cask storage of spent fuel are summarized in Table 5-1.  For most impact areas, the impact 
levels are denoted as SMALL, MODERATE, and LARGE as a measure of their expected 
adverse environmental impacts.  In other impact areas, the impact levels are denoted according 
to the types of findings required under applicable regulatory or statutory schemes (e.g., 
“disproportionately high and adverse” for environmental justice impacts). 

For a number of the resource areas, the impact determinations for all three timeframes are 
SMALL.  For air quality and terrestrial ecology, there is the potential for a MODERATE impact 
during the construction of the ISFSI.  For environmental justice, special status species and 
habitats, and historic and cultural resources, the results are highly site-specific.  While it is 
possible the ISFSI could be built and operated with no noticeable impacts on these resources, a 
definitive conclusion cannot be drawn in this GEIS.  For socioeconomics (taxes), aesthetics, and 
traffic, there are impacts that could be greater than SMALL that will continue throughout the 
existence of the ISFSI.  The tax impacts are beneficial in nature.  Finally, there is the potential 
for a MODERATE impact from the disposal of nonradioactive waste in the indefinite timeframe if 
that waste exceeds the capacity of nearby landfills. 
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6.4.16.2 Potential Cumulative Impacts from Other NRC-Regulated or Spent Fuel-Related 
Activities 

Cumulative impacts on public and occupational health could result from other NRC-regulated or 
spent fuel-related activities, such as reactor plant shutdown activities prior to decommissioning, 
decommissioning activities, construction of infrastructure to support away-from-

The NRC has 

(NRC  

NRC also evaluated environmental impacts from infrastructure to support away-from-reactor 
ccupational health impacts to 

storage maintenance activities that involve bare fuel handling in a postulated DTS at nearby 
facilities, as noted in Sections 4
be SMALL and would not aggregate to more significant impacts, given the limited number of 

 km (   

6.4.16.3 Conclusion 

Cumulative impacts on public and occupational health include the incremental effects from 
continued storage when added to the aggregate effects of other past, present, and reasonably 

the incremental impacts 
from continued storage on public and occupational health is SMALL for all timeframes at both 
at-reactor and away-from-
storage when added to other past, present, and reasonably foreseeable Federal and non-
F
proposed industrial buildings would be required to meet regulations such as the Occupational 

 CFR Part  

6.4.17 Environmental Impacts of Postulated Accidents 

This section evaluates the effects of continued storage on accident risk when added to the 
As 

environmental impacts of postulated accidents is SMALL for all timeframes at both at-reactor 
and away-from-  

- -mi) 
radius from an at-reactor or away-from-
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Appendix B 
 

Technical Feasibility of Continued Storage and 
Repository Availability 

B.1 Introduction 
In this Generic Environmental Impact Statement for Continued Storage of Spent Nuclear Fuel 
(GEIS), the U.S. Nuclear Regulatory Commission (NRC) addresses the environmental impacts 
of continuing to store spent nuclear fuel (spent fuel) at a reactor site or at an away-from-reactor 
storage facility, after the end of a reactor’s licensed life for operation until final disposition in a 
geologic repository (“continued storage”).  This GEIS provides a regulatory basis for the NRC’s 
proposed amendment to Title 10 of the Code of Federal Regulations (CFR) Part 51.  
Historically, past Waste Confidence proceedings included a Decision with five findings that 
addressed technical feasibility of a mined geologic repository, the degree of assurance that 
disposal would be available by a certain time, and the degree of assurance that spent fuel and 
commercial high-level waste could be managed safely without significant environmental impacts 
for a certain period beyond the expiration of plants’ operating licenses.  Preparation of and 
reliance upon a GEIS is a fundamental departure from the approach used in past Waste 
Confidence proceedings.  This GEIS acknowledges the uncertainties in the Commission’s 
prediction of repository availability and provides an environmental analysis of three possible 
storage timeframes.  To this end the GEIS considers impacts for three possible timeframes 
constrained by repository availability, including the impacts from indefinite storage, should a 
repository never become available. 

The NRC’s underlying conclusions regarding the technical feasibility of continued storage and a 
repository continue to undergird its environmental analyses.  These underlying conclusions, 
which are relevant to an analysis of the potential environmental impacts assessed in this GEIS, 
are discussed as two broad issues in this appendix:  the NRC’s technical information regarding 
the availability of a repository for disposal of spent fuel generated in a power reactor (Section 
B.2) and the technical feasibility of safe storage of spent fuel in an at-reactor or away-from-
reactor storage facility until sufficient repository capacity becomes available (Section B.3).  
These two broad issues were addressed in the five findings contained in the Waste Confidence 
Decision from past Waste Confidence proceedings; this appendix addresses these issues under 
two broad topic areas rather than five findings.  Section B.4 provides a summary of the 
conclusions reached in this appendix.  
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B.2 Repository will be Available to Dispose of Spent Fuel 
Based on the analysis below and elsewhere in this GEIS, the NRC believes that the most-likely 
scenario is that a repository will become available to dispose of spent fuel by the end of the 
short-term timeframe (within 60 years of the end of a reactor’s licensed life for operation).  The 
NRC’s belief is based on the resolution of two questions:  whether a repository is technically 
feasible and, if so, how long will it take to site, license, construct, and open a repository.  
“Technical feasibility” simply means whether a geologic repository is technically possible using 
existing technology (i.e., without any fundamental breakthroughs in science and technology).  If 
technically feasible, then the question becomes what is a reasonable timeframe for the siting, 
licensing, construction, and opening of a geologic repository.  Both questions are discussed in 
detail below in Sections B.2.1 (Technical Feasibility of a Repository) and B.2.2 (Availability of a 
Repository). 

B.2.1 Technical Feasibility of a Repository 

The Commission has consistently determined that current knowledge and technology support 
the technical feasibility of deep geologic disposal.  In its original 1984 Waste Confidence 
proceeding, the NRC stated that “[t]he Commission finds that safe disposal of [high-level 
radioactive waste and spent nuclear fuel] is technically possible and that it is achievable using 
existing technology” (49 FR 34658) (emphasis added).  The Commission then stated:  “Although 
a repository has not yet been constructed and its safety and environmental acceptability 
demonstrated, no fundamental breakthrough in science or technology is needed to implement a 
successful waste disposal program.”  Although the Commission has conducted Waste 
Confidence proceedings since 1984, this focal point—whether a fundamental breakthrough in 
science or technology is needed—continues to guide the Commission’s consideration of the 
feasibility of spent fuel disposal.  Since 1984, the technical feasibility of a geological repository 
has moved significantly beyond a theoretical concept. 

Today, the consensus within the scientific and technical community engaged in nuclear waste 
management is that safe geologic disposal is achievable with currently available technology 
(see, e.g., Blue Ribbon Commission on America’s Nuclear Future [BRC 2012], Section 4.3).  
Currently, 25 countries, including the United States, are considering disposal of spent or 
reprocessed nuclear fuel in deep geologic repositories.  Repository programs in other countries, 
which continue to provide additional information useful to the U.S. program, are actively 
considering crystalline rock, clay, and salt formations as repository host media (IAEA 2005).  
Many of these programs have researched these geologic media for several decades.   

Ongoing research in both the United States and other countries supports a conclusion that 
geological disposal remains technically feasible and that acceptable sites can be identified.  
After decades of research into various geological media, no insurmountable technical or 
scientific problem has emerged to challenge the conclusion that safe disposal of spent fuel and 
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high-level radioactive waste can be achieved in a mined geologic repository.  Over the past two 
decades, significant progress has been made in the scientific understanding and technological 
development needed for geologic disposal.  There is now a better understanding of the 
processes that affect the ability of repositories to isolate waste over long periods (e.g., the 
International Atomic Energy Agency’s [IAEA’s] Scientific and Technical Basis for the Geologic 
Disposal of Radioactive Wastes, Technical Reports Series No. 413 [IAEA 2003a] and Ahn and 
Apted’s Geological Repository Systems for Safe Disposal of Spent Nuclear Fuels and 
Radioactive Wastes [Ahn and Apted 2010]).   

Further, the ability to characterize and quantitatively assess the capabilities of geologic and 
engineered barriers has been repeatedly demonstrated (see the Organisation for Economic 
Cooperation and Development, Nuclear Energy Agency’s Lessons Learnt from Ten 
Performance Assessment Studies [NEA 1997]).  In addition, specific sites have been 
investigated and extensive experience has been gained in underground engineering (see 
IAEA’s Radioactive Waste Management Studies and Trends, IAEA/WMDB/ST/4 [IAEA 2005] 
and The Use of Scientific and Technical Results from Underground Research Laboratory 
Investigations for the Geologic Disposal of Radioactive Waste [IAEA 2001]).  These advances 
and others throughout the world (e.g., IAEA’s Joint Convention on Safety of Spent Fuel 
Management and on Safety of Radioactive Waste Management, INFCIRC/546 [IAEA 1997]) 
continue to confirm the soundness of the basic concept of deep geologic disposal (IAEA 1997).  
In the United States, the technical approach for safe high-level radioactive waste disposal has 
remained unchanged for several decades—a deep geologic repository containing natural 
barriers to hold canisters of high-level radioactive waste with additional engineered barriers to 
further retard radionuclide release.  Although some elements of this technical approach have 
changed in response to new knowledge, safe disposal remains feasible with current technology.  
The recent report by the Blue Ribbon Commission on America’s Nuclear Future (BRC 2012) 
supported geologic disposal by concluding that: 

geologic disposal in a mined repository is the most promising and technically 
accepted option available for safely isolating high-level nuclear wastes for very 
long periods of time.  This view is supported by decades of expert judgment and 
by a broad international consensus.  All other countries with spent fuel and high-
level waste disposal programs are pursuing geologic disposal.  The United 
States has many geologic media that are technically suitable for a repository. 

In addition, support for the feasibility of geologic disposal can be drawn from experience gained 
from the review of the U.S. Department of Energy’s (DOE’s) license application for a high-level 
nuclear waste repository at Yucca Mountain, Nevada (DOE 2008a).  On June 3, 2008, the DOE 
submitted an application for a construction authorization to the NRC, and on September 8, 
2008, the NRC notified DOE that it found the application acceptable for docketing 
(73 FR 53284) and began its review.  DOE subsequently filed a motion with an NRC Atomic 
Safety and Licensing Board seeking permission to withdraw the license application 
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(NRC 2010a).  In recognition of budgetary limitations, the Commission directed the Atomic 
Safety and Licensing Board to complete all necessary and appropriate case management 
activities, and the Atomic Safety and Licensing Board suspended the proceeding.  The NRC 
staff completed three technical review documents (i.e., NRC 2011a,b,c) covering the operational 
period and the postclosure period (i.e., the period after permanent closure of the repository) and 
one safety evaluation report on general information (NRC 2010b).  The NRC staff’s technical 
review did not identify any issues that would challenge the feasibility of geological disposal as a 
general matter.  However, these technical reports did not include conclusions as to whether or 
not DOE’s proposed Yucca Mountain repository satisfies the Commission’s regulations and do 
not constitute a final judgment or determination of the acceptability of the DOE construction 
application.   

In August 2013, the U.S. Court of Appeals for the District of Columbia Circuit (Court of Appeals) 
issued a writ of mandamus and directed the NRC to resume the licensing process for DOE’s 
license application.  In response, the Commission directed the NRC staff to complete and issue 
the safety evaluation report associated with the license application (NRC 2013).  Currently, the 
NRC is working on completing its safety review of DOE’s license application and plans to 
publish the remaining volumes of its safety evaluation report by January 2015. 

The technical feasibility of a deep geologic repository is further supported by current DOE 
defense-related activities.  The DOE sited and constructed, and since March 1999 has been 
operating, a deep geologic repository for defense-related transuranic radioactive wastes near 
Carlsbad, New Mexico.  At this site, the DOE has successfully disposed of transuranic waste 
from nuclear weapons research and testing operations.  This Waste Isolation Pilot Plant (WIPP) 
is located in the Chihuahauan Desert of southeastern New Mexico, approximately 42 km (26 mi) 
east of Carlsbad.  The facility is used to store transuranic waste from nuclear weapons research 
and testing operations from past defense activities.  Project facilities include mined disposal 
rooms 655 m (2,150 ft) underground. 

The NRC recognizes the incident at WIPP on February 14, 2014, which resulted in the release 
of americium and plutonium from one or more transuranic (TRU) waste containers into the 
environment.  Trace amounts of americium and plutonium are believed to have leaked through 
unfiltered exhaust ducts and escaped aboveground.  No personnel were determined to have 
received external contamination; however, 21 individuals were identified through bioassay to 
have initially tested positive for low level amounts of internal contamination.  No adverse health 
impacts have been reported.  The DOE has issued a Phase 1 accident report on the incident 
(DOE 2014).  Despite the event, the NRC continues to conclude that a repository is technically 
feasible. 

In January 2013, the DOE released Strategy for the Management and Disposal of Used Nuclear 
Fuel and High-Level Radioactive Waste, a response to the Blue Ribbon Commission on 
America’s Nuclear Future’s report (DOE 2013).  In this strategy document, DOE presents a 
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framework for “moving toward a sustainable program to deploy an integrated system capable of 
transporting, storing, and disposing of [spent] nuclear fuel and high-level radioactive waste from 
civilian nuclear power generation…” (DOE 2013).  This new DOE strategy includes a nuclear 
waste-management system consisting of a pilot interim storage facility, a larger full-scale interim 
storage facility, and a geologic repository.  U.S. policy remains that geologic disposal is the 
appropriate long-term solution for disposition of spent fuel and high-level radioactive waste. 

Finally, the activities of European countries support the technical feasibility of a deep geologic 
repository.  In late 2012, a Finnish nuclear-waste-management company (Posiva) submitted a 
construction license application for a geological repository for spent fuel to Finland’s Radiation 
and Nuclear Safety Authority, and in spring 2011, Swedish nuclear authorities accepted an 
application from the Swedish Nuclear Fuel and Waste Management Company for permission to 
build a repository for spent fuel.  Based on the national and international research, proposals, 
and experience with geologic disposal, the NRC concludes that a geologic repository continues 
to be technically feasible. 

B.2.2 Availability of a Repository  

Given the consensus that geologic repositories are technically feasible, experience to date is 
also relevant in determining the timeframe to successfully site, license, construct, and open a 
repository.  Of the 24 countries other than the United States considering disposal of spent or 
reprocessed nuclear fuel in deep geologic repositories, 10 have established target dates for the 
availability of a repository.1  The majority of the 14 countries with no established target date for 
repository availability rely on centralized interim storage, which may include a protracted period 
of at-reactor storage before shipment to a centralized facility. 

While some countries have struggled with specific implementation issues, the international 
consensus regarding an approach to disposal in a deep geologic repository and a reasonable 
timeframe for a repository to become available has not been abandoned.  

In 1997, the United Kingdom rejected an application for the construction of a rock 
characterization facility at Sellafield, leaving the country without a path forward for long-term 
management or disposal of intermediate-level waste or spent fuel.  In 1998, an inquiry by the 
United Kingdom House of Lords endorsed geologic disposal but specified that public 
acceptance was required.  As a result, the United Kingdom Government embraced a repository 
plan based on the principles of voluntarism and partnership between communities and 

                                                 
1 The three countries with target dates that plan direct disposal of spent fuel are:  Czech Republic (2050), 
Finland (2020), and Sweden (2025).  The seven countries with target dates for disposal of reprocessed 
spent fuel and high-level radioactive waste are:  Belgium (2035), China (2050), France (2025), Germany 
(2025), Japan (2030s), Netherlands (2103), and Switzerland (2042). 
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implementers.  This led to the initiation of a national public consultation and major structural 
reorganization within the United Kingdom program.  In 2008, the UK Government called for 
potential volunteers to host the repository and was expecting the repository would open around 
2040 (MRWS 2012).  In 2013, the Cumbria County Council voted to withdraw from the United 
Kingdom process to find a host community for an underground radioactive waste disposal 
facility and to end the site-selection process in West Cumbria.  In responding to the outcome of 
the votes in West Cumbria, the Secretary of State for Energy and Climate Change published a 
Written Ministerial Statement on January 31, 2013, that made clear that the United Kingdom 
Government remains committed to geological disposal for the safe and secure management of 
higher activity radioactive waste (DECC 2013) .  In July 2014, the United Kingdom continued to 
support geological disposal and provided a revised policy framework for implementing 
geological disposal that favors a voluntarist approach based on working with communities that 
are willing to participate in the siting process (DECC 2014).  The formal process for working with 
communities is expected to begin in 2016. 

In Germany, a large salt dome at Gorleben had been under study since 1977 as a potential 
spent fuel repository.  After suspension of exploration in 2000, Germany resumed exploration of 
Gorleben as a potential spent fuel repository in 2010.  In July 2013, the Site Selection Act 
became effective in Germany.  Currently, a 33-member commission made up of representatives 
from societal groups, academia, and the German government is preparing proposals for site 
selection procedures, which are due by the end of 2015. 

Initial efforts in France during the 1980s also failed to identify potential repository sites, using 
solely technical criteria.  Failure of these attempts led to the passage of nuclear waste 
legislation that prescribed 15 years of research.  Reports on generic disposal options in clay and 
granite media were prepared and reviewed by the French Nuclear Safety Authority in 2005.  In 
2006, the French Parliament passed new legislation designating a single site for deep geologic 
disposal of intermediate- and high-level radioactive waste.  This facility, to be located near the 
town of Bure in northeastern France, is scheduled to open in 2025, about 34 years after 
passage of the original Nuclear Waste Law of 1991, and 19 years after site selection.  On May 
6, 2014, the French National Agency for Radioactive Waste Management (ANDRA) announced 
the actions it intends to take resulting from recent public debate on geological disposal.  ANDRA 
announced plans for a pilot facility and improvements for greater public involvement.  ANDRA 
anticipates completion of the license application at the end of 2017 and, subject to approvals, 
construction of the facility could begin in 2020 and a pilot phase could begin in 2025. 

In Switzerland, after detailed site investigations in several locations, the Swiss National 
Cooperative for Radioactive Waste Disposal proposed, in 1993, a deep geologic repository for 
low- and intermediate-level waste at Wellenberg.  In 1998, Swiss authorities found that technical 
feasibility of the disposal concept had been successfully demonstrated; however, in 2002, a 
public cantonal referendum rejected the proposed repository.  Despite difficulties with public 
acceptance, Swiss authorities have gathered more than 25 years of high-quality field and 

SCE-SER 000691

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-3, Page 114 of 287
(705 of 2110)



Appendix B 

September 2014 B-7 NUREG-2157 

laboratory research and are anticipating constructing and operating a deep geologic repository 
after 2040, less than 30 years from today.  A site selection plan was approved by the Federal 
Council in 2008 and three geological siting areas were identified by 2011 for deep geological 
disposal of high-level waste.  A second phase is currently underway and involves regional 
participation and comparative studies with safety as the decision criterion. 

In 1998, an independent panel reported to the Governments of Canada and Ontario on its 
review of Atomic Energy of Canada Ltd.’s concept of geologic disposal (CEAA 1998).  The 
panel concluded that broad public support is necessary in Canada to ensure the acceptability of 
a concept for managing spent fuel.  The panel also found that technical safety is a key part, but 
only one part, of acceptability.  To be considered acceptable in Canada, the panel found that a 
concept for managing nuclear fuel wastes must (1) have broad public support; (2) be safe from 
a technical perspective; (3) have been developed within a sound ethical and social assessment 
framework; (4) have the support of Aboriginal people; (5) be selected after comparison with the 
risks, costs, and benefits of other options; and (6) be advanced by a stable and trustworthy 
proponent and overseen by a trustworthy regulator.  Resulting legislation mandated a 
nationwide consultation process and widespread organizational reform.   

In 2007, the Government of Canada announced its selection of the Adaptive Phased 
Management approach and directed the Nuclear Waste Management Organization to take at 
least 2 years to develop a “collaborative community-driven site-selection process.”  The Nuclear 
Waste Management Organization is using this process to open consultations with citizens, 
communities, Aboriginals, and other interested parties to find a suitable site in a willing host 
community.  Nuclear Waste Management Organization’s site-selection process was initiated in 
May 2010.  For financial planning and cost estimation purposes only, the Nuclear Waste 
Management Organization assumes the availability of a deep geological repository in 2035, 
27 years after initiating development of new site-selection criteria, 30 years after embarking on 
a national public consultation, and 37 years after rejection of the original geologic disposal 
concept (NWMO 2008).  At the end of 2012, 21 communities had expressed interest in learning 
more about the project (NWMO 2013).  As of June 2014, 14 of the initial 21 communities are still 
actively engaged in the siting process.  In particular, four communities are continuing with more 
detailed analyses having completed preliminary assessments; 10 communities are still in the 
preliminary assessment phase; and seven communities are no longer being considered in the 
site selection process. 

Repository development programs in Finland and Sweden are further along than in other 
countries but have taken time to build support from potential host communities.  In Finland, 
preliminary site investigations started in 1986, and detailed characterizations of four locations 
were performed between 1993 and 2000.  In 2001, the Finnish Parliament ratified the 
government’s decision to proceed with a repository project at a chosen site only after the 1999 
approval by the municipal council of the host community.  In December 2012, Posiva (i.e., the 
nuclear-waste-management company in Finland) submitted a construction permit application for 
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a final repository that will hold spent fuel from Finland’s nuclear reactors.  In June 2014, the 
Radiation and Nuclear Safety Authority (STUK) in Finland estimated that it can complete its 
safety assessment report for the construction permit application in January 2015.  Finland 
expects this facility to begin receipt of spent fuel for disposal in 2020, 34 years after the start of 
preliminary site investigations. 

Between 1993 and 2000, Sweden conducted feasibility studies in eight municipalities.  One site 
was found technically unsuitable, and two sites were eliminated by municipal referenda.  Three 
of the remaining five sites were selected for detailed site investigations.  Municipalities adjacent 
to two of these sites agreed to be potential hosts, and one refused.  Since 2007, detailed site 
investigations were conducted at Östhammar and Oskarshamn, both of which already host 
nuclear power stations.  On June 3, 2009, the Swedish Nuclear Fuel and Waste Management 
Company (SKB) selected the Forsmark site located in the Östhammar municipality for the 
Swedish spent fuel repository and, in spring 2011, SKB submitted a license application.  At the 
request of the Swedish government, the Nuclear Energy Agency organized an international 
team to review the SKB license application.  In June 2012, the international review team 
completed its review and report stating: “SKB‘s post-closure radiological safety analysis report, 
SR-Site, is sufficient and credible for the licensing decision at hand.  SKB‘s spent fuel disposal 
programme is a mature programme—at the same time innovative and implementing best 
practice—capable in principle to fulfil the industrial and safety-related requirements that will be 
relevant for the next licensing steps” (NEA 2012).  In April 2014, the Swedish Radiation Safety 
Authority, as part of its review process, circulated the license application for comment to other 
public authorities and environmental organizations.  A government decision is expected in 2015.  
If Swedish authorities authorize construction, the repository could be available for disposal 
around 2025, about 30 years after feasibility studies began. 

In the United States, the DOE is the agency responsible for carrying out the national policy to 
site and build a repository, which includes designing, constructing, operating, and 
decommissioning the repository.  The time DOE will need to develop a repository site will 
depend upon a variety of factors, including Congressional action and funding.  Public 
acceptance will also influence the time it will take to implement geologic disposal.  The NRC, by 
contrast, is the agency responsible for reviewing, licensing, and overseeing the construction and 
operation of the repository.   

In 2012, the Blue Ribbon Commission on America’s Nuclear Future recommended “prompt 
efforts to develop one or more geologic disposal facilities” (BRC 2012).  In response to the Blue 
Ribbon Commission’s report, the DOE (2013) stated that its “…goal is to have a repository sited 
by 2026; the site characterized, and the repository designed and licensed by 2042; and the 
repository constructed and its operations started by 2048.”  Based on the evaluation of 
international experience with geologic repository programs—including the issues some 
countries have overcome—and the affirmation by the Blue Ribbon Commission of the geologic 
repository approach, the NRC continues to believe that 25 to 35 years is a reasonable period for 

SCE-SER 000693

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-3, Page 116 of 287
(707 of 2110)



Appendix B 

September 2014 B-9 NUREG-2157 

repository development (i.e., candidate site selection and characterization, final site selection, 
licensing review, and initial construction for acceptance of waste). 

Although the NRC believes that 25 to 35 years is a reasonable timeframe for repository 
development, it acknowledges that there is sufficient uncertainty in this estimate that the 
possibility that more time will be needed cannot be ruled out.  International and domestic 
experience have made it clear that technical knowledge and experience alone are not sufficient 
to bring about the broad social and political acceptance needed to construct a repository.  The 
time needed to develop a societal and political consensus for a repository could add to the time 
to site and license a repository or overlap it to some degree.   

Because the availability of a repository can be substantially affected by whatever process is 
employed to achieve a national consensus on repository site selection, and consistent with the 
decision of the Court of Appeals in New York v. NRC, this GEIS offers three timeframes for 
continued storage that reflect significant differences in the availability of the repository.  The 
short-term timeframe assumes a repository is available 60 years after the end of a reactor’s 
licensed life for operation.  The long-term timeframe assumes a repository is not available for an 
additional 100 years beyond the short-term timeframe, which means a repository would be 
available 160 years after the end of a reactor’s licensed life for operation.  In recognition of the 
uncertainty in reaching a national consensus on repository site selection, the third timeframe 
assumes that a repository does not become available and the spent fuel continues to be stored 
indefinitely. 

In the 2010 Waste Confidence decision, the Commission assessed the length of time that would 
be needed to site, license, construct, and open a repository.  This analysis moved away from 
the Commission’s historical practice of specifying a “target date” and instead concluded that a 
repository would be available “when necessary.”  The Commission’s reluctance to select a 
target date was not indicative of an inability to predict the length of the process for siting, 
constructing, licensing, and opening a repository, but rather that identification of a specific year 
as a starting point was uncertain.  In sum, based on experience in licensing similarly complex 
facilities in the United States and national and international experience with repositories already 
in progress, the NRC concludes a reasonable period of time for the development of a repository 
is approximately 25 to 35 years. 

B.3 Technical Feasibility of Safe Storage 
Spent fuel removed from a reactor is initially placed in a spent fuel pool for cooling.  After 
several years (about 5 years for low-burnup fuel and up to 20 years for high-burnup fuel), the 
spent fuel is sufficiently cooled that it can be placed in dry cask storage assuming current 
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storage configurations and heat loads.2  After the end of a reactor’s licensed life for operations, 
spent fuel is stored in onsite spent fuel pools or in an at-reactor or away-from-reactor dry cask 
storage system. 

Continued storage of spent fuel at at-reactor or away-from-reactor sites will be necessary until a 
repository is available for permanent disposal.  The storage of spent fuel in any combination of 
storage (spent fuel pools or dry casks) will continue as a licensed activity under regulatory 
controls and oversight.  Nonetheless, the conclusions reached by the NRC in this GEIS 
regarding the technical feasibility of continued storage do not rely solely on NRC’s regulatory 
framework governing these activities.  Rather, these conclusions are also based on NRC’s 
experience with the actual storage of spent fuel under this regulatory framework and the 
continued application of proven fuel storage methodologies.  Continued safe storage of spent 
fuel requires both the technical feasibility of storage methods and a regulatory framework that 
provides for monitoring and oversight to address the potential for evolving issues.  The technical 
feasibility of wet storage in spent fuel pools and dry casks is discussed separately in 
Sections B.3.1 and B.3.2.  The regulatory framework applicable to both wet and dry storage is 
discussed in Section B.3.3.  The continuation of the institutional controls necessary to maintain 
safe storage is discussed in Section B.3.4. 

B.3.1 Technical Feasibility of Wet Storage 

The technical feasibility of continued storage in spent fuel pools is supported by a number of 
technical considerations.  First, the integrity of spent fuel and cladding within the benign 
environment of the spent fuel pool’s controlled water chemistry is supported by operational 
experience and a number of scientific studies, some of which are summarized below.  Further, 
the spent fuel pool’s robust structural design protects against a range of natural and human-
induced challenges, which are discussed in detail in the following sections and in the body of 
the GEIS. 

B.3.1.1 Integrity of Spent Fuel and Cladding in Spent Fuel Pools 

In 1984, the NRC provided information supporting the low degradation rates of spent fuel in 
spent fuel pools based on national and international storage experience, which at that time 
totaled 18 years of experience with zirconium-clad fuel3 and 12 years of experience with 
stainless-steel-clad fuel (49 FR 34658).  Examples of the cited information are:  

                                                 
2 Appendix I provides additional information on the characteristics, storage, and transportation of high-
burnup uranium oxide (UOX) spent fuel and mixed uranium-plutonium oxide (MOX) spent fuel. 
3 In 1984, only two commercial light water reactor nuclear power plants used stainless-steel-clad fuel, 
whereas most used zirconium-clad fuel (49 FR 34658). 
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1. In Behavior of Spent Nuclear Fuel in Water Pool Storage, Johnson (1977) reported on 
corrosion studies of irradiated fuel at 20 reactor pools in the United States, finding no 
detectable degradation of zirconium cladding. 

2. At the American Nuclear Society’s Executive Conference on Spent Fuel Policy and its 
Implications, presented in Buford, Georgia, April 2 to 5, 1978, Johnson (1978) presented 
“Utility Spent Fuel Storage Experience,” which reported that no degradation has been 
observed in commercial power reactor fuel stored in onsite pools in the United States and 
that extrapolation of corrosion data suggests that less than a tenth of a percent of the 
thickness of the zirconium clad would be corroded after 100 years. 

3. In The Long-Term Storage of Irradiated CANDU Fuel Under Water, Walker (1979) 
concluded that “50 to 100 years under water should not significantly affect their [spent fuel 
bundles] integrity.” 

Almost 30 years of additional experience has been gained since the completion of the first 
Waste Confidence proceeding in 1984, during which time the technical basis for very slow 
degradation rates of spent fuel in spent fuel pools has continued to grow and now includes the 
wet storage of high-burnup fuel.  Examples of this additional experience include the following: 

1. In Durability of Spent Nuclear Fuels and Facility Components in Wet Storage, the IAEA 
(1998) summarized the durability of materials in wet storage, stating:  “The zirconium alloys 
represent a class of materials that is highly resistant to degradation in wet storage, including 
some experience in aggressive waters.  The only adverse experience involves Zircaloy clad 
metallic uranium where mechanical damage to the cladding was a prominent factor during 
reactor discharge, exposing the uranium metal fuel to aqueous corrosion.  Otherwise, the 
database for the zirconium alloys supports a judgment of satisfactory wet storage in the time 
frame of 50 to 100 years or more.”  

2. In Spent Fuel Performance Assessment and Research:  Final Report of a Co-Ordinated 
Research Project on Spent Fuel Performance Assessment and Research (SPAR)  
1997–2001, the IAEA (2003b), while discussing spent fuel storage experience, reported on 
a detailed review of the degradation mechanisms of spent fuel cladding under wet storage 
and stated that “wet storage of spent fuel only appears to be limited by adverse pool 
chemistry or the deterioration of the fuel storage pool structure.” 

3. In Understanding and Managing Ageing of Materials in Spent Fuel Storage Facilities, the 
IAEA reported that “over more than 40 years of experience with several million LWR [light 
water reactor] rods, power reactor fuel with zirconium alloy cladding has had an excellent 
durability in wet storage” (IAEA 2006).  The IAEA went on to state that “destructive and  
non-destructive examinations of fuel rods, visual evidence and coupon studies [IAEA 2006; 
pp. 11, 13, 54–58] all support resistance to aqueous corrosion.  There have been no reports 
of fission gas evolution, indicative of cladding failure in wet storage.  Rod consolidation 
campaigns have been conducted without any indication of storage-induced degradation.  
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There is a sufficient database to indicate that wet storage of fuel with zirconium alloy 
cladding can be extended for at least several decades.” 

4. In Impact of High Burnup Uranium Oxide and Mixed Uranium-Plutonium Oxide Water 
Reactor Fuel on Spent Fuel Management, No.  NF-T-3.8, (IAEA 2011a) the IAEA stated that 
because wet storage is associated with low temperatures, the clad material property 
degradation is expected to be low.  However, the IAEA also recognized that high-burnup 
uranium oxide and MOX spent fuel storage in pools will increase the heat load and 
potentially cause radioactive releases, which may require an upgrade of the pool facility with 
respect to heat removal, pool cleanup systems, and additional neutron poison material in the 
pool water or in storage racks.  In addition, the IAEA suggested that reevaluation of criticality 
and regulatory aspects may also be required for high-burnup fuel. 

Based on available information and operational experience, degradation of the fuel cladding 
occurs very slowly over time in the spent fuel pool environment.  Degradation of the spent fuel 
should be minimal over the short-term storage timeframe.  The NRC expects that only routine 
maintenance will be needed over the short-term storage timeframe.  However, it is possible that 
future evaluations and experience with high-burnup fuel could identify upgrades and 
enhancements to pool storage that would need to be implemented in the future (see discussion 
on regulatory framework in Section B.3.3).  Although the NRC assumes in the GEIS that the 
spent fuel pool will be decommissioned before the end of the short-term storage timeframe, it is 
not aware of any information that would call into question the technical feasibility of continued 
safe storage of spent fuel in spent fuel pools beyond the short-term storage timeframe. 

B.3.1.2 Robust Structural Design of Spent Fuel Pools 

As described in Section 2.1.2.1 of the GEIS, spent fuel pools are massive, seismically designed 
structures that are constructed from thick, reinforced concrete walls and slabs that vary between 
0.7 and 3 m (2 and 10 ft) thick.  All spent fuel pools currently in operation are lined with 
stainless-steel liners that vary in thickness from 6 to 13 mm (0.25 to 0.5 in.).4  NUREG–1738 
(NRC 2001), Technical Study of Spent Fuel Pool Accident Risk at Decommissioning Nuclear 
Power Plants indicates that spent fuel pool structures are designed to be seismically robust (i.e., 
it is expected that a seismic event with peak spectral acceleration significantly larger than that of 
the safe shutdown earthquake would be required to produce catastrophic failure of the 
structure) (NRC 2001).  Further, in evaluating the seismic risk to spent fuel pools, NRC (2001) 
stated that “[i]n boiling-water reactor (BWR) plants, the pool structures are located in the reactor 
building at an elevation several stories above the ground.  In pressurized-water reactor (PWR) 
                                                 
4 Dresden Unit 1 and Indian Point Unit 1 have no liner plates, but neither pool is currently operating.  Both 
plants were permanently shut down more than 20 years ago and no safety-significant degradation of their 
concrete pool structures has been reported.  At present, no spent fuel remains in either reactor’s spent 
fuel pool. 
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plants, the [spent fuel pool] structures are outside the containment structure and supported on 
the ground or partially embedded in the ground.  The location and supporting arrangement of 
the pool structures affect their capacity to withstand seismic ground motion beyond their design 
basis.  The dimensions of the pool structure are generally derived from radiation shielding 
considerations rather than seismic demand needs.  Spent fuel structures at nuclear power 
plants are able to withstand loads substantially beyond those for which they were designed.”  In 
Spent Fuel Storage Operation—Lessons Learned (IAEA 2013), the IAEA reported that pool 
storage is a mature technology and the latest storage pools have come through an evolutionary 
process and incorporate the learning from 50+ years of operating experience.   

In the initial Waste Confidence proceeding, the Commission found that the risks of major 
accidents at spent fuel pools resulting in offsite consequences were remote because of the 
secure and stable character of the spent fuel in the spent fuel pool environment and the 
absence of reactive phenomena that might result in dispersal of radioactive material.  The 
Commission noted that storage pools and independent spent fuel storage installations (ISFSIs) 
are designed to safely withstand accidents caused by either natural or man-made phenomena 
(49 FR 34658).  By 1990, the NRC had spent several years studying the potential for a 
catastrophic loss of reactor spent fuel pool water, which could cause a spent fuel fire in a dry 
pool.  The NRC concluded that, because of the large inherent safety margins in the design and 
construction of a spent fuel pool, no action was needed to further reduce the risk (55 FR 38472). 

On March 11, 2011, an earthquake and subsequent tsunami resulted in significant damage to 
the nuclear facilities at Fukushima Dai-ichi.  Subsequent analysis and inspections performed by 
Tokyo Electric Power Company personnel determined that the spent fuel pool water levels did 
not drop below the top of fuel in any spent fuel pool and that no significant fuel damage 
occurred (INPO 2011).  Appendix F contains further discussion of the Fukushima event with 
respect to spent fuel pools. 

The NRC has continued its examination of spent fuel pool storage to ensure that adequate 
safety is maintained and that there are no adverse environmental effects from the storage of 
spent fuel in spent fuel pools.  The Office of Nuclear Reactor Regulation and the former Office 
for Analysis and Evaluation of Operational Data independently evaluated the safety of spent fuel 
pool storage, and the results of these evaluations were documented in a pair of memoranda to 
the Commission:  Resolution of Spent Fuel Storage Pool Action Plan Issues (NRC 1996a) and 
Assessment of Spent Fuel Pool Cooling (NRC 1996b) (later published as NUREG–1275, 
Vol. 12, “Operating Experience Feedback Report:  Assessment of Spent Fuel Cooling” 
[NRC 1997a]).  As a result of these studies, the NRC and industry identified a number of  
follow-up activities, which are described by the NRC in a memorandum to the Commission 
Follow-up Activities on the Spent Fuel Pool Action Plan (NRC 1997b).  These evaluations 
subsequently became part of the investigation of Generic Safety Issue 173, Spent Fuel Pool 
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Cooling for Operating Plants, which found that the relative risk posed by loss of spent fuel 
cooling is low compared with the risk of events not involving the spent fuel pool (NRC 2000). 

The safety and environmental effects of spent fuel pool storage were also addressed in 
conjunction with regulatory assessments of permanently shutdown nuclear plants and 
decommissioning nuclear power plants.  NUREG/CR–6451, A Safety and Regulatory 
Assessment of Generic BWR and PWR Permanently Shutdown Nuclear Power Plants 
(Travis et al. 1997), addressed the appropriateness of regulations (e.g., requirements for 
emergency planning and insurance) associated with spent fuel pool storage.  The study also 
provided reasonable bounding estimates for offsite consequences for the most severe 
accidents, which would involve draining of the spent fuel pool (e.g., complete draining of the 
spent fuel pool occurs 12 days after shutdown of the reactor). 

In 2001, the NRC issued NUREG–1738 (NRC 2001), Technical Study of Spent Fuel Pool 
Accident Risk at Decommissioning Nuclear Power Plants, which found that a postulated 
accident causing zirconium cladding fires could result in unacceptable offsite doses.  
Appendix F of this GEIS presents some results from NUREG–1738, including the largest 
number of early fatalities calculated (191).  The large number of calculated fatalities was due, in 
part, to conservative assumptions for the ruthenium release (i.e., the release fraction is for a 
volatile fission product in an oxidic [rather than metallic] form), time of the accident (i.e., 30 days 
after shutdown of the reactor), and late evacuation of the public (i.e., evacuation is started after 
the release).  More realistic assumptions (e.g., low ruthenium release, event occurs one year 
after shutdown), reduce the largest number of early fatalities from 191 to approximately two 
(NRC 2001).  Although early fatalities are unacceptable, the annual likelihood for such an 
accident was estimated to be less than three chances in one million (NRC 2001).  NUREG–
1738 further states that “the risk at decommissioning plants is low and well within the 
Commission's safety goals.  The risk is low because of the very low likelihood of a zirconium fire 
even though the consequences from a zirconium fire could be serious.”  In arriving at this 
conclusion, NUREG–1738 considered a wide range of initiating events, including but not limited 
to, events that might lead to rapid loss of pool water (e.g., seismic events, cask drop, aircraft 
impact, and missiles generated by tornados).  The low probability for these varied events to 
initiate a rapid loss of water from the pool is a direct result of the robustness of the structural 
design of the spent fuel pool. 

As noted, spent fuel pools are massive structures constructed from thick, reinforced concrete 
walls and slabs designed to be seismically robust.  Thus, the likelihood of major accidents at 
spent fuel pools resulting in offsite consequences is very remote.  In particular, Appendix F 
determines that the environmental impacts from spent fuel pool fires are SMALL during the 
short-term storage timeframe based on the low risk of a spent fuel pool fire.  The NRC is not 
aware of any additional studies that would cause it to question the low risk of spent fuel pool 
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accidents and thereby question the technical feasibility of continued safe storage of spent fuel in 
spent fuel pools for the short-term timeframe considered in the GEIS. 

B.3.2 Technical Feasibility of Dry Cask Storage 

The technical feasibility of dry cask storage is supported by years of experience and technical 
studies and NRC reviews that examined and confirmed the integrity of spent fuel and cladding 
under the controlled and benign environment within dry cask storage systems.  The technical 
feasibility of these systems is further supported by the robustness of the structural design of the 
dry cask storage system against a variety of natural and human-induced challenges.   

B.3.2.1 Low Degradation Rates of Spent Fuel in Dry Cask Storage 

In the United States, spent fuel has been safely stored in dry casks for more than 25 years.  In 
1986, Virginia Power received a license for an at-reactor dry storage facility located at Surry 
Nuclear Power Plant.  As of June 2014, there are operational ISFSIs at 64 sites in the United 
States.  One operational ISFSI, at the GEH-Morris site, is a wet facility.  The remaining ISFSIs 
are storing spent fuel in over 1,900 loaded dry casks. (see Section 2.1.2 in the GEIS for further 
details).  As with wet storage, the overall experience with dry cask storage of similar fuel types, 
including the cladding, has been similar—slow degradation.  In addition, spent fuel is cooled for 
a lengthy period in a spent fuel pool before being transferred into dry cask storage.  NRC 
guidance regarding dry cask storage recommends a maximum cladding temperature of 400°C 
(752°F) and a dry, inert atmosphere to reduce the potential for significant degradation 
(NRC 2010c).  Recent studies, including the following, have confirmed dry cask storage 
reliability: 

1. A dry cask storage characterization project (Bare et al. 2001) examined and tested a dry 
cask storage system, the CASTOR V/21, and found “there was no evidence of cask, 
shielding, or fuel rod degradation during long-term (14 years) storage that would affect 
cask performance or fuel integrity.”  The project examined zirconium-clad fuel applicable 
for spent fuel with a burnup of 35 GWd/MTU.  A subsequent study (Einziger et al. 2003), 
which examined spent fuel from the Bare et al. (2001) project, suggests that the spent 
fuel cladding could remain a viable barrier to fission product release during extended 
storage up to 100 years in a dry cask environment.   

2. The IAEA status report Understanding and Managing Ageing of Materials in Spent fuel 
Storage Facilities (IAEA 2006) stated “[P]ower reactor fuel with zirconium alloy cladding 
has been placed into dry storage in approximately a dozen countries.  The technical 
basis for satisfactory dry storage of fuel clad with zirconium alloys includes hot cell tests 
on single rods, whole assembly tests, demonstrations using casks loaded with irradiated 
fuel assemblies and theoretical analysis.”   
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3. The Electric Power Research Institute (EPRI 1998) evaluated the data needs for long-
term storage and reported that during normal storage of low-burnup spent fuel, “the 
lower radiation fields and estimated temperatures of 100–125 C after 20 years favor 
acceptable fuel behavior for extended storage.” 

The NRC is aware that high-burnup and MOX fuel may be subject to increased degradation of 
the spent fuel and cladding that could cause further problems with handling, storing, and 
transporting spent fuel.  With this increased usage, research has continued to improve 
understanding of degradation mechanisms affecting storage of spent fuel.  Recent reports 
(e.g., NRC 2014; Hanson et al. 2012; IAEA 2011a; and Sindelar et al. 2011) have identified a 
variety of degradation mechanisms and discussed their potential effects on storage.  For 
example, the mechanical integrity of the spent fuel cladding and assembly is important to 
ensure that handling and transportation of spent fuel can be conducted with relative ease.  The 
mechanical designs of lower-burnup UOX and higher-burnup UOX or MOX fuel are very similar, 
but some of the after-irradiation properties of higher-burnup UOX and MOX are potentially 
significant in determining the rate of degradation or differences in performance.  Differences in 
after-irradiation properties between lower-burnup UOX and higher-burnup UOX and MOX 
include higher fuel rod internal pressures and thinner cladding due to more cladding oxidation 
and hydride layer buildup causing higher cladding stress, higher decay heat, higher specific 
activity, and finer grain structure of the fuel pellet, potentially increasing the likelihood and 
consequences of an accident.  Appendix I provides further discussion on the characteristics, 
storage, and transportation of high-burnup UOX and MOX spent fuel.  

Although NRC regulations for dry cask storage allow for a licensing period of up to 40 years for 
both initial and renewed licenses, licensing periods approved for storage casks for high-burnup 
fuel have been limited to 20 years due to the more limited data available for high-burnup fuel.  
These storage times are sufficiently short and the degradation rates of spent fuel sufficiently 
slow that (1) significant storage, handling, and transportation issues are not expected to arise 
during a single license period and (2) should information collected during a license period 
identify any emerging issues and concerns, there would be sufficient time to develop regulatory 
solutions and incorporate them into future licensing periods.   

Ongoing research into the extended storage of spent fuel is part of the NRC’s effort to 
continuously evaluate and update its safety regulations.  As part of this effort, the NRC is 
examining the technical needs and potential changes to the regulatory framework that may be 
needed to continue licensing of spent fuel storage facilities over periods beyond 120 years.  In 
2014, the NRC published Identification and Prioritization of the Technical Information Needs 
Affecting Potential Regulation of Extended Storage and Transportation of Spent Nuclear Fuel 
(NRC 2014).  This report considered high-burnup UOX fuel and MOX fuel.  Further, international 
efforts are evaluating degradation mechanisms affecting handling, storage, and transportation of 
spent fuel (e.g., IAEA 2011a).  The NRC, the DOE, other regulators, and the commercial power 
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industry have formed the Extended Storage Collaboration Program.  The goal of this program is 
to better understand the degradation processes that could impact the storage of spent fuel.  As 
new information becomes available, it will be considered in the development of canister design 
criteria and aging management requirements for the safe storage of spent fuel.  Currently, EPRI 
is leading a multi-year research project, the majority of which is funded by DOE, to evaluate the 
safe storage of spent fuel in dry storage casks.  EPRI will design and demonstrate dry cask 
technology at full scale for evaluating the condition of “high-burnup” spent fuel during storage.  
As research continues, if the NRC were to identify a concern with the safe storage of spent fuel, 
the NRC would evaluate the issue and take whatever action or make whatever change in its 
regulatory program necessary to protect public health and safety.   

Based on available information and operational experience, degradation of the spent fuel  
should be minimal over the short-term storage timeframe if conditions inside the canister are 
appropriately maintained (i.e., consistent with the technical specifications for storage).  Thus, 
the NRC expects that only routine maintenance will be needed over the short-term storage 
timeframe.  Repackaging of spent fuel may be needed if storage continues beyond the short-
term storage timeframe.  In the GEIS, the NRC assumes that the dry casks would need to be 
replaced if storage continues beyond the short-term storage timeframe.  Accidents associated 
with repackaging spent fuel are evaluated in Section 4.18 and the environmental impacts are 
SMALL because the accident consequences would not exceed the NRC accident dose standard 
contained in 10 CFR 72.106.   

Spent fuel transfer operations can present challenges to operators and, in part, because of 
these challenges, transfer operations are conducted in enclosed, heavily shielded buildings with 
filters to reduce any potential releases.  Although transfer operations at a current reactor would 
be conducted in the spent fuel pool and the dry transfer system would involve dry transfer, spent 
fuel transfer operations in either facility would occur within an enclosed, shielded building.  
Therefore, releases to the environment from handling operations within the spent fuel pool and 
the dry transfer system are expected to be similar.  These operations routinely maintain public 
and occupational doses well within existing requirements.  This is done despite variations in the 
facilities and equipment and the characteristics of the spent fuel being transferred.  While these 
characteristics may vary, the safety regulations do not.  In addition, the NRC requires that 
facilities and equipment be maintained to ensure safety functions are not compromised.  
Further, the NRC inspects operating facilities to verify compliance with requirements.  As 
described in Section B.3.3.3 of this appendix, after the end of the reactor’s licensed life for 
operation, the licensee would continue to store spent fuel onsite under either its 10 CFR Part 72 
general license granted to 10 CFR Part 50 or Part 52 reactor licensees or a specific 
10 CFR Part 72 license.  During this time, the licensee would remain under the NRC’s 
regulatory control and NRC inspections and oversight of storage facilities would continue.  
The NRC monitors the performance of ISFSIs (at decommissioned and shutdown reactor 
sites and at operating reactor sites) by conducting periodic inspections. 
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The opportunity to inspect spent fuel that has been placed into dry cask storage would occur 
during repackaging of the fuel.  During the short-term timeframe, repackaging would occur, if 
needed, in the spent fuel pool, which would provide shielding and allow licensees to safely 
repackage the fuel.  In the long-term and indefinite timeframes, repackaging would occur in the 
dry transfer system, which would be a shielded building.  The NRC assumes replacement of dry 
casks after 100 years of service life; however, replacement times will depend on actual 
degradation observed during continued regulatory oversight for maintaining safety during 
continued storage. Studies and experience to date do not preclude a dry cask service life longer 
than 100 years.  In addition, as described in Section 2.2.1.3 of the GEIS, in accordance with 
10 CFR 72.42, ISFSI license renewal applications must include, among other things, (1) time-
limited aging analyses that demonstrate that structures, systems, and components important to 
safety will continue to perform their intended safety function for the requested period of 
extended operation and (2) a description of the aging management program for management of 
issues associated with aging that could adversely affect structures, systems, and components 
important to safety.  These requirements enhance confidence that spent fuel, including bare 
fuel, fuel in canisters, or damaged fuel that has been canned and stored in dry casks, could be 
retrieved for repackaging, if needed.  Finally, regulatory experience shows that licensees have 
successfully dealt with damaged fuel.  In the most extreme example, the damaged fuel from the 
core of Three Mile Island, Unit 2 (TMI-2), was removed and safely placed into storage.  If this 
type of fuel can be successfully moved and managed, then it is reasonable to assume that 
damaged spent fuel in casks can be handled, if necessary.  Although a commercial dry transfer 
system is currently not operating in the United States, construction and operation of a dry 
transfer system, including the handling of damaged fuel, can be accomplished with current 
technology (further information provided in Section 2.2.2.1 – Construction and Operation of a 
Dry Transfer System). 

B.3.2.2 Robust Design of Dry Cask Storage Systems 

Dry cask storage systems are passive systems (i.e., relying on natural air circulation for cooling) 
that are inherently robust, massive, and highly resistant to damage.  To date, the NRC and 
licensee experience with ISFSIs and cask certification indicates that spent fuel can be safely 
and effectively stored using dry cask storage technology.  There have not been any safety 
issues with dry cask storage. 

In addition, the NRC’s technical review supporting issuance of Materials License No.  
SNM–2513 for the Private Fuel Storage, LLC (PFS) facility has confirmed the technical 
feasibility of continuing storage at an away-from-reactor ISFSI under 10 CFR Part 72 (NRC 
2006a).  While issues extraneous to safety and protection of the environment have, to date, 
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prevented the licensee from going forward with the project,5 the NRC’s extensive review of 
safety and environmental issues associated with construction and operation of the PFS facility 
provides further information supporting the technical feasibility of safe spent fuel storage at an 
away-from-reactor ISFSI for long periods following storage at a reactor site (i.e., in a spent fuel 
pool or at-reactor ISFSI). 

The NRC has renewed three specific ISFSI licenses for an extended 40-year period.  Because 
at that time Part 72 only provided for a renewal period of 20 years, an exemption was granted 
as part of the NRC’s review of the safety of renewing Part 72 license for 40 years.  The NRC 
published a final rule on February 16, 2011, to clarify the processes for the renewal of ISFSIs 
operated under the general license provisions of 10 CFR Part 72, for renewal of the Certificate 
of Compliance for dry cask storage systems, and for extending the license and renewal terms to 
40 years (76 FR 8872).  In these cases, the NRC’s technical review has encompassed the 
applicant’s evaluation of aging effects on the structures, systems, and components important to 
safety, supplemented by the applicant’s aging management program.  These comprehensive 
reviews support the technical feasibility of continued safe storage of spent fuel in these ISFSIs 
and thus reaffirm the technical feasibility of safe, interim dry storage for an extended period.  
While these license renewal cases address storage at an ISFSI for a period of up to 80 years 
(i.e., up to 40-year initial license, plus 40-year renewal), studies performed to date (e.g., 
Einziger et al. 2003; EPRI 2002; 55 FR 38472) have not identified any issues that would call into 
question the technical feasibility of long-term use of dry storage for low-burnup spent fuel. 

In 2007, the NRC published a pilot probabilistic risk assessment methodology (NRC 2007) that 
identified the dominant contributors to risk associated with a welded-canister dry-spent-fuel-
storage system at a specific boiling water reactor site.  The NRC study developed and assessed 
a comprehensive list of initiating events, including dropping the cask during handling and 
external events during onsite storage (e.g., earthquakes, floods, high winds, lightning strikes, 
accidental aircraft crashes, and pipeline explosions) and reported that the analysis indicates that 
the overall risk of dry cask storage was found to be extremely low.  (The NRC determined that 
the estimated aggregate risk is an individual probability of a latent cancer fatality of 1.8×10 12 
during the period encompassing the initial cask loading and first year of service and 3.2×10 14 
per year during subsequent years of storage [NRC 2007]). 

Several characteristics of dry cask storage contribute to the low risk determined by the NRC 
study.  First, these systems are passive.  Second, they rely on natural air circulation for cooling.  

                                                 
5 Although a license was issued, the PFSF has not yet been constructed.   However, the NRC 
determined, based on its review of the application, that there is reasonable assurance that if the PFSF is 
constructed (1) the activities authorized by the license can be conducted without endangering the health 
and safety of the public and (2) these activities will be conducted in compliance with the applicable 
regulations of 10 CFR Part 72 (NRC 2006a).   
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Third, their inherently robust, massive concrete and steel structure is highly resistant to damage.  
The robustness of these dry cask storage systems has been tested by significant challenges 
(e.g., the August 23, 2011 Mineral, Virginia earthquake that affected the North Anna Nuclear 
power plant and the March 11, 2011 earthquake and subsequent tsunami that damaged the 
Fukushima Dai-ichi nuclear power plant).  Neither event resulted in significant damage to the 
dry cask storage containers or the release of radionuclides (VEPCO 2011; INPO 2011). 7 

Thus, technical studies and practical operating experience to date confirm the physical integrity 
of dry cask storage structures and thereby demonstrate the technical feasibility of continued 
safe storage of spent fuel in dry cask storage systems for the time periods considered in the 
GEIS.  Further, the NRC expects that only routine maintenance will be needed over the 
short-term storage timeframe.  Repackaging of spent fuel may be needed if storage continues 
beyond the short-term storage timeframe.  The NRC is not aware of any issue that would cause 
it to question the technical feasibility of continued safe storage of spent fuel in dry casks for the 
timeframes considered in the GEIS.  Further, the NRC continues to evaluate aging management 
programs and to monitor dry cask storage so that it can update its service life assumptions as 
necessary and consider any circumstances that might require repackaging of spent fuel earlier 
than anticipated. 

B.3.3 Regulatory Oversight of Wet and Dry Spent Fuel Storage 

A strong regulatory framework that includes both regulatory oversight and licensee compliance 
is important to the continued safe storage of spent fuel.  As part of its oversight, the NRC can 
issue orders and new or amended regulations to address emerging issues that could impact the 
safe storage of spent fuel.  This section provides a discussion of how the NRC’s regulatory 
program has addressed potential safety and security concerns and routine operations.  The 
environmental impact analysis in the GEIS relies upon the current regulatory framework, which 
includes whatever license amendments, orders, and rulemaking becomes necessary to protect 
public health and safety.  These ongoing improvements to the NRC’s regulatory structure are 
reflected in the NRC’s upgrade of safety, environmental, and security requirements following 
historic events, (e.g., the regulatory changes following the TMI-2 accident in 1979; safety and 
security upgrades following the September 11, 2001 terrorist attacks; and the Task Force 
recommendations and improvements to safety following the March 11, 2011 earthquake and 
subsequent tsunami that crippled the Fukushima Dai-ichi nuclear power plant).  These 
regulatory changes demonstrate the NRC’s capability for prompt and vigorous response to new 
developments that warrant increased regulatory attention.  Thus, the vitality and evolution of the 
NRC’s regulatory requirements support a reasonable conclusion that continued storage, even 

                                                 
7 Dry casks at the Fukushima Dai-ichi nuclear power plant are stored in a shared dry cask storage 
building. 
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over extended periods of time beyond those regarded as most likely, will continue to be safe 
with the same or fewer environmental impacts. 

B.3.3.1 Regulatory Actions for Routine Operations, Accidents, and Terrorist Activity 

As part of its oversight, the NRC can issue orders and new or amended regulations to address 
emerging issues that could impact the safe storage of spent fuel.  An example of the NRC’s 
regulatory oversight is the NRC’s actions following the TMI-2 accident in 1979.  First, the NRC 
created a Bulletin and Orders Task Force to assure the immediate safety of all other operating 
power reactors.  Next, the NRC established the TMI-2 Lessons Learned Task Force to identify 
and evaluate safety concerns requiring prompt licensing actions for operating reactors, beyond 
the immediate actions announced by the earlier Task Force.  A set of short-term 
recommendations was published as NUREG–0578 in July 1979 (NRC 1979).  The NRC then 
assessed recommendations that “would provide a comprehensive and integrated plan for all 
actions necessary to correct or improve the regulation and operation of nuclear facilities.”  This 
“TMI-2 Action Plan” was published as NUREG–0660 in May 1980 (NRC 1980a).  These action 
items led NRC to issue a list of “Requirements for New Operating Licenses,” published in 
NUREG–0694 (NRC 1980b), which was later clarified and superseded by NUREG–0737 
(NRC 1980c).  Finally, after issuance of TMI-2 Action Plan requirements, the NRC codified 
new reactor requirements by regulation (46 FR 26491).  

Another example, following the terrorist attacks of September 11, 2001, the NRC undertook an 
extensive reexamination of spent fuel safety and security issues.  In 2002, the NRC issued 
orders to licensees that required power reactors in decommissioning, spent fuel pools, and 
ISFSIs to enhance security and improve their capabilities to respond to, and mitigate the 
consequences of, a terrorist attack.  For example, these orders required additional security 
measures, including increased patrols, augmented security forces and capabilities, and more 
restrictive site-access controls to reduce the likelihood of a successful terrorist attack.  In 2007, 
the NRC issued a final rule revising the Design Basis Threat,8 which also increased the security 
requirements for power reactors and their spent fuel pools (72 FR 12705).  More recently, in 
2009, the NRC issued a final rule to further improve security measures at nuclear power 
reactors, including at spent fuel pools (74 FR 13926).  This rule included improvements to 
security measures, such as enhancements to cyber security plans, facilitation of consistent 
application of preparatory actions with respect to air attacks, integration of the access 
authorization and security program requirements, and additional requirements for unarmed 
security personnel to ensure these personnel meet the minimum physical requirements 
commensurate with their duties. 

                                                 
8 A design basis threat provides a general description of the attributes of potential adversaries who might 
attempt to commit radiological sabotage or theft or diversion against which licensee's physical protection 
systems must defend with high assurance. 
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Section 4.19 of the GEIS describes the environmental impacts of potential acts of sabotage or 
terrorism involving the continued storage of spent fuel.  This section acknowledges that as the 
immediate hazard posed by the high radiation levels of spent fuel diminishes over time, 
depending on burnup, so does the deterrent to handling by unauthorized persons.  The NRC will 
consider this type of information in evaluating whether additional security requirements are 
warranted in the future.   

The most recent examples of the NRC’s response to unexpected developments are the 
additional requirements that the NRC has already imposed or is considering in response to the 
March 11, 2011 earthquake and subsequent tsunami that resulted in extensive damage to the 
six-unit Fukushima Dai-ichi nuclear power plant in Japan.  On March 12, 2012, the NRC issued 
multiple orders and a request for information to all of its nuclear power plant licensees 
(NRC 2012a).  The request for information was issued to all licensees to determine whether 
nuclear plant licenses should be modified, suspended, or revoked.  The purpose of the request 
for information was to re-evaluate seismic and flooding hazards at operating reactor sites and to 
determine whether appropriate staffing and communication can be relied upon to coordinate 
event response during a prolonged station blackout event, as was experienced at Fukushima 
Dai-ichi.  Section 4.18 and Appendix F provide further details regarding the NRC’s orders and 
requests for information in response to the Fukushima event. 

Another aspect of the NRC’s regulatory program for continued storage at reactors and other 
licensed facilities involves generic communications.  Generic communications include, but are 
not limited to, generic letters, bulletins, information notices, safeguards advisories, and 
regulatory issue summaries.  Generic letters request licensee actions or information to address 
issues regarding emergent or routine matters of safety, security, safeguards, or environmental 
significance.  Bulletins request licensee actions or information to address significant issues 
regarding matters of safety, security, safeguards, or environmental significance that have great 
urgency.  Information notices are used to communicate operating or analytical experience to the 
nuclear industry.  The industry is expected to review the information for applicability and 
consider appropriate actions to avoid similar problems.  Regulatory issue summaries are used 
to communicate and clarify the NRC’s technical or policy positions on regulatory matters. 

For example, Information Notice 2012–20 (NRC 2012b) informed licensees about the potential 
for chloride-induced stress corrosion cracking of austenitic stainless steel and maintenance of 
dry cask storage system canisters.  Although an immediate safety concern did not exist, the 
NRC alerted its licensees and certificate holders that their monitoring programs need to address 
this concern as part of an aging management program so that appropriate actions (e.g., 
maintenance) would be taken before there were any impacts. 

Another example is Information Notice 2009-26, Degradation of Neutron-Absorbing Materials in 
the Spent Fuel Pool, with respect to criticality safety for pool storage (NRC 2009a).  NRC 
licensees use various methods to meet subcriticality requirements in the spent fuel pool 
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specified by 10 CFR 50.68 or 10 CFR Part 50 Appendix A, General Design Criterion 62.  Most 
spent fuel pools now store spent fuel assemblies in high-density racks, which incorporate 
neutron absorber materials into the rack walls.  These neutron absorber materials, especially 
boraflex, can degrade enough to lose their neutron-absorbing capabilities and challenge 
subcriticality requirements (requirements to prevent an uncontrolled chain reaction).  Due to this 
degradation, many licensees now employ other means to meet subcriticality requirements 
(e.g., spent fuel loading patterns, fuel burnup credit, control rods or other neutron poisons 
contained within spent fuel bundles, soluble boron in the pool water, or some combination of 
these methods).  The NRC issued Information Notice 2009-26 to all operating reactors 
licensees and construction permit holders in October 2009 (NRC 2009a).  The NRC continues 
to monitor how licensees are addressing the degradation issue.  Most recently, on March 11, 
2014, the NRC issued a draft generic letter for public comment that, if finalized, would request 
information from licensees to allow the NRC to “determine if the degradation of the neutron-
absorbing materials in the SFP is being managed to maintain reasonable assurance that the 
materials are capable of performing their intended safety function, and if the licensees are 
incompliance with the regulations” (79 FR 13685). 

B.3.3.2 Regulatory Oversight of Spent Fuel Pool Leaks 

Spent fuel pool design and operational control requirements in NRC regulations make it unlikely 
that a leak will remain undetected long enough to result in public health and safety or 
environmental concerns.  Long-standing design requirements include but are not limited to 
general design criteria in 10 CFR Part 50, Appendix A that focus on fuel storage and handling 
and radioactivity control (e.g., General Design Criterion 61).  Operational controls include 
requirements for control of effluents and release of radioactive materials such as dose limits 
found in 10 CFR 20.1301 and design objectives found in 10 CFR Part 50, Appendix I. 

There are also requirements that are new or have been updated in response to recent 
operational experience and related studies by NRC task forces.  For example, a 2006 report by 
NRC’s Liquid Radioactive Release Lessons Learned Task Force made 26 specific 
recommendations for improvements to NRC regulatory programs (NRC 2006b).  In 2010, the 
NRC Groundwater Task Force reevaluated the recommendations of the 2006 Task Force 
(NRC 2010d).  A review of the Groundwater Task Force recommendations by NRC senior 
management concluded that further action was warranted (NRC 2011d).  These studies have 
influenced specific changes to NRC requirements and guidance.  For example: 

 In June 2008, the NRC issued Regulatory Guide 4.21, Minimization of Contamination 
and Radioactive Waste Generation:  Life-Cycle Planning (NRC 2008).  The purpose of 
this regulatory guide is to present guidance that will assist applicants covered by 
10 CFR 20.1406, “Minimization of contamination,” in effectively implementing this 
licensing requirement. 
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 In June 2009, the NRC issued revision 2 to Regulatory Guide 4.1 (NRC 2009b) provides 
guidance to licensees for detecting, evaluating, and monitoring releases from operating 
facilities via unmonitored pathways; to ensure consistency with current industry standards 
and commercially available radiation detection methodology; to clarify when a licensee’s 
radiological effluent and environmental monitoring programs should be expanded based on 
data or environmental conditions; and to ensure that leaks and spills are detected before 
radionuclides migrate offsite via an unmonitored pathway. 

 In July 2011, the NRC promulgated its Decommissioning Planning Rule, which added 
10 CFR 20.1406(c) and modified 10 CFR 20.1501(a) and (b) (76 FR 35512).  This rule 
requires all licensees to establish operational practices to minimize site contamination and 
perform reasonable subsurface radiological surveys and sets forth new financial assurance 
requirements.   

 In December 2012, the NRC published Regulatory Guide 4.22, Decommissioning Planning 
During Operations, which provides methods acceptable to the NRC to use in implementing 
portions of the Decommissioning Planning Rule (NRC 2012c). 

Appendix E of the GEIS provides a detailed description and evaluation of the historical data on 
spent fuel pool leaks, discusses ongoing and future monitoring activities and corrective actions, 
and analyzes potential environmental impacts that may occur during the short-term timeframe 
during which spent fuel storage in pools will continue.  Appendix E concludes that the potential 
environmental impacts from spent fuel pool leakage would be SMALL. 

B.3.3.3 Dry Cask Storage 

Consistent with the NRC’s regulatory framework for continued safe spent fuel storage in dry 
casks, reactor and ISFSI licensees have acted prudently to safely manage their spent fuel.  In 
the late 1970s and early 1980s, the need for alternative storage began to grow as spent fuel 
pools at many nuclear reactors began to reach their licensed capacity.  License amendments to 
allow spent fuel pool re-racking, fuel-pin consolidation, and specific or general licenses for 
onsite dry cask storage have been successfully employed to increase onsite storage capacity. 
As discussed previously, there are currently operational ISFSIs at 64 sites.  The NRC is 
successfully regulating seven fully decommissioned reactor sites that contain ISFSIs licensed 
under either the general or specific license provisions of 10 CFR Part 72.11   

After the end of a reactor’s licensed life for operation, the licensee would continue to store spent 
fuel onsite under either the 10 CFR Part 72 general license granted to 10 CFR Part 50 and 
Part 52 reactor licensees or a specific 10 CFR Part 72 license.  During this time, the licensee 

                                                 
11 These reactor sites include Maine Yankee, Yankee Rowe, Connecticut Yankee (also known as 
Haddam Neck), Fort St. Vrain, Rancho Seco, Trojan, and Big Rock Point. 
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would remain under the NRC’s regulatory control and NRC inspections and oversight of storage 
facilities would continue.  The NRC monitors the performance of ISFSIs (at both 
decommissioned and shutdown reactor sites and operating reactor sites) by conducting periodic 
inspections.  When conducting inspections at these ISFSIs, NRC inspectors follow the guidance 
in NRC Inspection Manual Chapter 2690, Inspection Program for Dry Storage of Spent Reactor 
Fuel at Independent Spent Fuel Storage Installations and for 10 CFR Part 71 Transportation 
Packages (NRC 2012d). 

The current regulatory framework for storage of spent fuel allows for multiple license renewals, 
subject to aging management analysis and planning.  In early 2011, the Commission published 
a final rule that amended 10 CFR Part 72 to increase the initial and renewal terms for specific 
ISFSI licenses from “not to exceed 20 years” to “not to exceed 40 years” (76 FR 8872).  The 
Commission concluded that, with appropriate aging management and maintenance programs, 
license terms not to exceed 40 years are reasonable and adequately protect public health and 
safety.  An applicant for a storage license renewal must provide appropriate technical bases for 
identifying and addressing aging-related effects and must develop specific aging management 
plans to justify extended operations of ISFSIs.  The regulatory framework for storage is 
supported by well-developed regulatory guidance; voluntary domestic and international 
consensus standards; research and analytical studies; and processes for implementing 
licensing reviews, inspection programs, and enforcement oversight. 

B.3.3.4 Summary of Information on Regulatory Oversight 

The NRC will continue its regulatory control and oversight of spent fuel storage at both 
operating and decommissioned reactor sites under both specific and general 10 CFR Part 72 
licenses.  Decades of operating experience and ongoing NRC inspections demonstrate that 
these reactor and ISFSI licensees continue to meet their obligation to safely store spent fuel in 
accordance with the NRC’s requirements.  If the NRC were to find noncompliance with these 
requirements or otherwise identify a concern with the safe storage of the spent fuel, the NRC 
would evaluate the issue and take necessary action or change its regulatory program to protect 
the public health and safety and the environment. 

As noted in the preceding paragraphs, licensees have continued to develop and successfully 
use onsite spent fuel storage capacity in the form of spent fuel pool and dry cask storage in a 
safe and environmentally sound fashion.  Based on the preceding discussion, the NRC believes 
that for the storage timeframes considered in the GEIS, regulatory oversight will continue in a 
manner consistent with NRC’s regulatory actions and oversight in place today to provide for 
continued safe storage of spent fuel as long as spent fuel needs to be stored. 
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B.3.4 Continued Institutional Controls  

As discussed in the previous sections of this appendix, continued safe storage of spent fuel 
requires both the technical feasibility of safe storage and a regulatory framework that provides 
for monitoring and oversight to address the potential for evolving issues.  To ensure adequate 
protection of public health and safety, the institutional controls provided by the NRC’s regulatory 
structure and that of sister agencies, as well as by Federal, State and local governments in 
general, must be maintained over time.  The GEIS takes the following approach to institutional 
controls: 

1. the GEIS’s evaluation of reasonably foreseeable environmental impacts of continued 
storage requires an assumption that institutional controls will be maintained; 

2. the most reasonably foreseeable assumption is that institutional controls will continue;  

3. accidents provide a helpful surrogate for analysis of a temporary lapse in institutional 
controls, including perspectives on the environmental implications of such a lapse; and 

4. although too remote to calculate meaningfully, a permanent loss of institutional controls 
would likely have catastrophic consequences.   

A detailed discussion for each of these topics is provided below.  

1. An evaluation of reasonably foreseeable environmental impacts in the GEIS requires 
an assumption that institutional controls will be maintained 

In New York v. NRC, the Court of Appeals held that because the NRC had not demonstrated 
that the unavailability of a repository was “remote and speculative,” the National Environmental 
Policy Act (NEPA) required the NRC to analyze the environmental impacts of continued storage 
in the absence of a repository. The NRC believes that, if geologic disposal were not possible, 
national spent fuel policy would change but would not default to relying on the storage facilities 
as they currently exist—the design of facilities and the regulations governing those facilities 
would change to accommodate the new policy.  Further, the NRC is not in a position to predict 
how the policy would change or what technical advancements would become available to serve 
a new national policy if geologic disposal were not feasible or achievable by consensus.  
Analyzing the consequences of failing to secure a repository requires assumptions about what 
indefinite continued storage would encompass.  Because the current methods of continued 
storage employ institutional controls, the NRC considered whether it was reasonable to assume 
that institutional controls would remain in place in the timeframes being considered, and, as 
explained below, concluded that the assumption is reasonable for the purposes of this GEIS.  
While the NRC does not believe that the indefinite storage scenario described in the GEIS is 
likely, the NRC has analyzed this scenario in the GEIS to provide a conservative picture of the 
environmental impacts should a repository not become available by the end of the long-term 
timeframe. 
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As stated in Chapter 1 of this GEIS, the Federal government, by national policy set forth in the 
Nuclear Waste Policy Act, has assumed responsibility for the permanent disposal of high-level 
radioactive waste and spent fuel.  The Nuclear Waste Policy Act specifies that the cost of both 
interim storage and permanent disposal is the responsibility of the generators and owners of the 
waste.  Further, the Nuclear Waste Policy Act defines the current national strategy for disposition 
of spent fuel as disposal in a geologic repository; the geologic repository strategy was recently 
reaffirmed by the Blue Ribbon Commission on America’s Nuclear Future (BRC 2012). 

In response to the Blue Ribbon Commission’s report (BRC 2012), the DOE expressed its intent 
to provide a repository by 2048 (DOE 2013), which is about 10 years before the end of the 
short-term timeframe for the oldest spent fuel storage facility within the scope of this analysis.  
In this GEIS, the NRC concludes that a repository is most likely to be available by the end of the 
short-term timeframe, and failing that, likely to be available by the end of the long-term 
timeframe. In the event a repository could not be sited by the end of the long-term timeframe, 
the NRC has concluded that it is not reasonable to assume that national policy would default to 
complete inaction so as to leave spent fuel in dry casks unprotected, much less unattended or 
ultimately forgotten.  However, because an alternate path forward is unknown at this point, the 
NRC has not attempted to forecast a different solution and assumes that continued storage 
continues indefinitely.   

Should the national policy change from geologic disposal to permanent storage (i.e., onsite or 
away-from-reactor “disposal” in facilities that resemble ISFSIs), the NRC expects that planning 
and decision-making for permanent storage of spent fuel would take into account the 
appropriate balance of engineering design and institutional controls to address the challenges 
presented by permanent storage.  There is no national historic precedent and, more particularly, 
no regulatory history of nuclear materials to suggest that the Federal government, including the 
NRC in its assigned role under the Atomic Energy Act, would not engage in planning and 
decision-making regarding whatever further changes or enhancements would be necessary to 
accommodate permanent storage, in the unlikely event that option was adopted.  Should 
national policy change to a policy of permanent storage, the NRC believes that significant 
regulatory changes and design modifications would be required to transfer spent fuel to offsite 
facilities or convert onsite continued storage facilities to onsite permanent storage facilities.  
Further, even if a repository does not become available, the NRC believes that, based on the 
factors discussed in the next section, institutional controls will be maintained as long as the 
spent fuel needs to be stored.  

With respect to costs, the NRC acknowledges that, because of delays in the siting and licensing 
of a repository, the Federal government bears an increasing share of the financial responsibility 
for storage costs.  Although the annual costs for continued storage are manageable, cumulative 
costs will continue to increase.  The Federal government has estimated it will pay a total of 
approximately $20 billion in damage awards and settlements by the year 2020 and $500 million 
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per year after that if DOE does not accept fuel by 2021 and spent fuel continues to accumulate 
at reactor sites (GAO 2013).  Thus, the escalating costs of continued storage provide incentive 
for the Federal government to implement the national policy for disposal of spent fuel in a deep 
geologic repository. 

The assumption that institutional controls will continue enables an appropriate and reasonable 
evaluation of the environmental impacts of continued storage over an indefinite timeframe.  
Absent the stability and predictability that follows from institutional controls, including but not 
limited to NRC licensing and regulatory controls, few impacts could be reliably forecast.  The 
“hard look” required by NEPA would quickly become unfocused, highly speculative, and ill-
defined.  Analyzing the impacts that might result from a permanent and total loss of institutional 
controls would require NRC to reach unsupportable conclusions about how and when our 
nation, and its government, institutions, and social cohesiveness might degrade or even 
collapse.  Such speculation would preclude meaningful calculations of impacts for the 
timeframes envisioned in the GEIS.  

2. The assumption that institutional controls continue is reasonable 

Consistent with NEPA’s rule of reason, which provides that agencies conduct an analysis 
according to the usefulness of the information to the decision-maker and full disclosure to the 
public of predictable benefits and impacts, this GEIS assumes that institutional controls at any 
storage site are maintained.  This assumption is reasonable for two reasons:  First, in any 
timeframe it would be illogical for any government at any level to abandon the storage facilities, 
given the particular hazards of the fuel.  Continued storage is designed to allow the eventual 
transport of the spent fuel to a repository, not to permanently sequester the material from the 
environment without continued active oversight and maintenance.  Second, these highly visible 
storage facilities are much less likely than buried geologic repositories to simply be forgotten.   

Spent fuel is highly hazardous, requiring robust containment structures to minimize exposure 
risks. Spent fuel in storage facilities on the surface of the earth presents a visible hazard that 
requires active oversight to ensure safety and security measures are maintained and functioning 
as designed.  Storage facilities remain under license and have aging management programs to 
support their continued maintenance and monitoring.  Thus, the visibility of storage facilities and 
the hazards of spent fuel strongly support the reasonableness of assuming the continuation of 
institutional controls throughout all of the timeframes analyzed in the GEIS.  While changes may 
occur over time to governments or society, highly visible, hazardous facilities are unlikely to be 
left abandoned or forgotten.  As a result, it is a reasonable assumption that any government 
would, in the interest of its citizenry, ensure that appropriate oversight (e.g., monitoring, 
maintenance, and replacement of facilities as needed) remains in place, consistent with 
radiation protection principles and regulatory restrictions, until final disposition of the spent fuel 
occurs.  Accordingly, the NRC has determined that the assumption of continued institutional 
controls is reasonable in each of the timeframes considered in the GEIS. 
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In contrast, consideration of the loss of institutional controls in the context of disposal of spent 
fuel—as in DOE’s Yucca Mountain environmental impact statement (EIS), for example—is not 
directly applicable to storage:  NRC regulations for deep geologic disposal of spent fuel 
recognize there is a point when the repository ceases operation, is permanently closed, and the 
license terminated.  After permanent closure, regulations specify institutional controls (e.g., the 
requirements to place markers to identify what is buried deep below the surface of the earth and 
to maintain records regarding the hazard).  However, these institutional controls are part of a 
defense-in-depth approach to disposal; the facility design is not permitted to rely on those 
institutional controls to meet postclosure safety requirements. 

Additionally, as identified in the public comments for this proceeding (see Appendix D of the 
GEIS), a repository applicant is required to prepare a stylized calculation to evaluate the 
consequences should humans inadvertently disrupt the repository (see 10 CFR 63.322).  These 
requirements for disposal address the situation where human activities could occur at a disposal 
site that is no longer recognizable at the earth’s surface following waste burial, permanent 
closure of the facility, and license termination.  However, in contrast to underground disposal 
facilities, aboveground storage installations are not designed to be abandoned and will remain 
highly visible on the earth’s surface.  As explained previously, the visibility and purpose of 
temporary storage facilities differ significantly from those of permanent disposal facilities, 
supporting the reasonableness of assuming that institutional controls over continued storage 
facilities will be maintained. 

The NRC recognizes information presented by the National Academies National Research 
Council and others regarding the durability of institutional controls (e.g., NAS 1995, 2000).  The 
NRC is also aware of international reports that discuss the durability of institutional controls 
(e.g., NEA 2006, IAEA 2011b).  However, this commentary does not conclude that a permanent 
loss of institutional controls is likely or that effective government and governmental oversight of 
continued storage will cease in the distant future.  Rather, these documents focus on developing 
plans and strategies regarding what should be done today to address future uncertainty due, in 
part, to institutional controls.   

For example, the Board on Radioactive Waste Management, in its study on long-term 
institutional management, stated:  “No plan developed today is likely to remain protective for the 
duration of the hazards.  Instead, long-term institutional management requires periodic, 
comprehensive reevaluation of those legacy waste sites still presenting risk to the public and the 
environment to ensure that they do not fall into neglect and that advantage is taken of new 
opportunities for their further remediation” (NAS 2000).  While regulations may need to be 
updated over time, the NRC does not view possible future regulatory updates as an impediment 
to a current understanding of likely environmental impacts of continued storage.  Further, future 
regulatory development would be expected to be undertaken to enhance and improve the 
effectiveness of regulatory oversight. 
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3. Accident analysis provides a perspective on the environmental impacts of a 
temporary lapse of institutional controls 

The GEIS considers the environmental impacts of accidents during continued storage (e.g., 
certain cask drop events) in Section 4.18.  These accidents, for the purposes of this NEPA 
analysis may serve as a surrogate or proxy for the temporary loss of institutional controls, and 
the impacts of these accidents are representative of impacts from a temporary loss of 
institutional controls.  An accident condition approximates a limited period during which 
institutional controls are less than effective, after which the NRC expects that institutional 
controls and oversight would resume.  Consequences from accidents resulting in small releases 
represent a lapse in more routine maintenance tasks, whereas accidents resulting in significant 
radioactive releases constitute a reasonable surrogate to evaluate consequences that might 
result from hypothetical acts of radiological sabotage or terrorism in the indefinite timeframe.  
Consideration of accident consequences thereby provides a reasonable basis for understanding 
the consequences of continued storage should institutional controls prove temporarily 
ineffective.  

Given the physical characteristics of spent fuel, in most cases, the level of institutional controls 
necessary for safety would diminish over time and the consequences associated with accidents 
made possible by lapses in institutional controls would be expected to decrease with the 
passage of time.  The thermal output of spent fuel decreases by approximately a factor of ten in 
the first 100 years after it is removed from the reactor, which means that maintenance activities 
and related institutional controls could be adjusted, as appropriate, to account for lower thermal 
loads.  Therefore, the consequences of ineffective institutional controls will diminish over time 
because lower thermal loads should reduce the need for maintenance activities to maintain 
safety and lower radioactivity should reduce the consequences of releases of spent fuel.  In 
contrast, institutional controls with respect to security many not diminish.  As discussed in 
Section 4.19.2 of the GEIS, because spent fuel radiation levels will decrease over time, spent 
fuel could become more susceptible to theft or diversion (i.e., a more attractive target to 
individuals with malevolent intent).  For this reason, additional security requirements may be 
necessary in the future if spent fuel remains in storage, to ensure that risk posed due to theft or 
diversion remains very low.  

4. Impacts of loss of institutional controls 

Some comments recommended that the NRC consider the evaluation of the loss of institutional 
controls based, in part, on DOE’s Yucca Mountain EIS (DOE 2008b), which included an 
analysis for the loss of institutional controls for storage facilities under the no-action alternative.  
The NRC notes that DOE’s proposed action in that instance was the construction of a repository 
and that, as a result, analysis of the no-action alternative was required by NEPA.  Permanent 
disposal of spent fuel is a DOE responsibility, and DOE’s analysis was designed to evaluate the 
environmental impacts of not meeting that responsibility.  DOE evaluated the storage of the total 
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volume of high-level waste (i.e., 70,000 MTU) that would be disposed at the repository and, as a 
means of evaluating what would happen if it took no action, it considered the consequences of a 
simultaneous loss of institutional controls at 72 commercial and 5 DOE storage sites.  In 
contrast, this GEIS considers the environmental impacts of continued storage at a single 
generically profiled commercial facility.  While the DOE analysis may have sufficed for DOE’s 
Yucca Mountain EIS, the NRC does not believe that the passive scenario assumed as part of 
the no-action alternative there provides a meaningful method of analyzing the consequences of 
indefinite storage for purposes of analyzing continued storage in this GEIS. 

DOE’s analysis evaluates degradation of the storage structures in the absence of human 
intervention (i.e., that neither government nor local residents, or even malevolent forces, would 
respond to the degradation in any fashion over a 10,000-year period).  DOE did not state that its 
analysis of the loss of institutional controls represents the reasonably foreseeable impacts of 
permanent aboveground storage.  To the contrary, DOE stated that neither of the no-action 
scenarios is likely to occur (DOE 2002).  However, DOE’s Yucca Mountain EIS (DOE 2008b) 
concluded that the consequences of the potential loss of institutional controls could be 
“catastrophic” in some resource areas.  

As discussed previously, merely assuming loss of institutional controls in the distant, but 
undefined, future is not enough for the NRC to reasonably foresee when and how the loss of 
institutional controls might occur, and the consequences of that loss, with the kind of detailed 
and scientifically supportable analysis of resource impacts that the GEIS provides in every other 
respect for decision-makers and the public.  Rather, the NRC would need to hypothesize the 
extent to which controls must fail before spent fuel would be effectively abandoned.  The 
difficulty in predicting future consequences is further compounded by the lack of any credible 
way to foresee the combination of human and natural forces that might act on abandoned 
storage casks and cause a release.  In addition, the baseline human environment becomes 
increasingly unpredictable the further out in time projections are made.  

Nevertheless, the NRC can state broadly that, if institutional controls should be lost through a 
gradual dissolution of government or an apocalyptic event, unmitigated physical deterioration of 
spent fuel casks and cladding over decades, if not centuries, would eventually expose 
radionuclides to the environment.  While the consequences—as explained above—are 
unpredictable, the NRC can state qualitatively that the consequences of such a catastrophe to 
the environment and public health could be similar to the impacts DOE analyzed for the no-
action alternative (scenario 2—permanent loss of institutional controls) in its Yucca Mountain 
EIS (assuming a similar number of facilities were considered).  Thus, in the event of a 
permanent loss of institutional controls, the resulting consequences to the environment across 
nearly all resource areas would be clearly noticeable and destabilizing.  
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B.3.5 Summary of Technical Feasibility of Continued Storage 

As discussed previously, the NRC believes that it is reasonable to assume that the storage of 
spent fuel in any combination of storage in spent fuel pools or dry casks will continue as a 
licensed activity under regulatory controls and oversight.  Licensees have continued to develop 
and successfully use onsite spent fuel storage capacity in the form of spent fuel pool and dry 
cask storage in a safe and environmentally sound fashion.  Technical understanding and 
operational experience continues to support the technical feasibility of safe storage of spent fuel 
in spent fuel pools and in dry casks over long periods of time (e.g., slow degradation of spent 
fuel during storage in spent fuel pools and dry casks; engineered features of storage pools and 
dry casks to safely withstand accidents caused by either natural or man-made phenomena).  In 
addition, regulatory oversight has been shown to enhance safety designs and operations as 
concerns and information evolve over time (e.g., safety enhancements made after the Three 
Mile Island accident in 1979, the September 11, 2001 terrorist attacks, and the March 11, 2011 
Fukushima Dai-ichi disaster. 

Based on the technical information and the national and international experience with wet and 
dry storage of spent fuel, the NRC concludes it is technically feasible to safely store spent fuel in 
either wet or dry storage for the short-term storage timeframe with only routine maintenance 
(i.e., no large-scale replacement of spent fuel pools or dry cask storage systems). 

In the GEIS, the NRC assumes that after the short-term storage timeframe, spent fuel is stored 
in dry casks.   Further, as discussed previously, the NRC concludes that there is no technical 
reason that spent fuel cannot be safely stored in dry casks beyond the short-term storage 
timeframe.  As discussed in this appendix, the degradation rates of spent fuel are low under dry 
storage conditions and the probability of accidents with large consequences are very low.  
Storage of spent fuel beyond the short-term storage timeframe would continue under an 
approved aging management program to ensure that monitoring and maintenance are 
adequately performed.  Repackaging of spent fuel may be needed if storage continues beyond 
the short-term storage timeframe.  In the GEIS, the NRC assumes the replacement of dry casks 
after 100 years of service life; however, actual replacement times will depend on actual 
degradation observed during continued regulatory oversight for maintaining safety during 
continued storage.  Studies and experience to date do not preclude a dry cask service life 
longer than 100 years.  Accidents associated with repackaging spent fuel are evaluated in 
Section 4.18 and the environmental impacts are SMALL because the accident consequences 
would not exceed the NRC accident dose standard contained in 10 CFR 72.106.  The NRC 
concludes it is technically feasible to continue to store spent fuel beyond the short-term storage 
timeframe, which may include activities to repackage spent fuel.   

Section 4.19 of the GEIS describes the environmental impacts of potential acts of sabotage or 
terrorism involving the continued storage of spent fuel.  This section acknowledges that as the 
immediate hazard posed by the high radiation levels of spent fuel diminishes over time so does 
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the deterrent to handling by unauthorized persons.  The Blue Ribbon Commission’s report noted 
that “over long time periods (perhaps a century or more, depending on burnup and the level of 
radiation that is deemed to provide adequate self-protection), the fuel could become more 
susceptible to possible theft or diversion (although other safeguards would remain in 
place).  This in turn could require changes to the security requirements for older spent 
fuel.  Extending storage to timeframes of more than a century could thus require increasingly 
demanding and expensive security protections at storage sites.”  If necessary, the NRC will 
issue orders or enhance its regulatory requirements for ISFSI security, as appropriate, to 
provide adequate protection of public health and safety and the common defense and security. 

B.4 Conclusions 
This appendix evaluates the technical feasibility of continued storage and repository availability, 
including national and international experience with storage and disposal of spent fuel.  Based 
on the information and experience presented in this appendix, the NRC concludes that (1) a 
geologic repository is technically feasible; (2) the time period needed to develop a repository is 
approximately 25 to 35 years; (3) continued safe storage of spent fuel in spent fuel pools for the 
short-term timeframe is technically feasible; and (4) continued safe storage of spent fuel in dry 
casks for the timeframes considered in the GEIS is technically feasible.  Further, the NRC 
concludes that a strong regulatory framework including both regulatory oversight and licensee 
compliance is important to the continued safe storage of spent fuel.  As discussed in this 
appendix, the regulatory framework for storage is supported by well-developed regulatory 
guidance; voluntary domestic and international consensus standards; research and analytical 
studies; and processes for implementing licensing reviews, inspection programs, and 
enforcement oversight. 
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September 2014 iii NUREG 2157 

Abstract 

This Generic Environmental Impact Statement for Continued Storage of Spent Nuclear Fuel 
(GEIS) generically determines the environmental impacts of continued storage, including those 
impacts identified in the remand by the Court of Appeals in the New York v. NRC decision, and 
provides a regulatory basis for a revision to 10 CFR 51.23 that addresses the environmental 
impacts of continued storage for use in future NRC environmental reviews.  In this context, “the 
environmental impacts of continued storage” means those impacts that could occur as a result 
of the storage of spent nuclear fuel at at-reactor and away-from-reactor sites after a reactor’s 
licensed life for operation and until a permanent repository becomes available.  The GEIS 
evaluates potential environmental impacts to a broad range of resources.  Cumulative impacts 
are also analyzed. 

Because the timing of repository availability is uncertain, the GEIS analyzes potential 
environmental impacts over three possible timeframes: a short-term timeframe, which includes 
60 years of continued storage after the end of a reactor’s licensed life for operation; an 
additional 100-year timeframe (60 years plus 100 years) to address the potential for delay in 
repository availability; and a third, indefinite timeframe to address the possibility that a repository 
never becomes available.  All potential impacts in each resource area are analyzed for each 
continued storage timeframe.  

The GEIS contains several appendices that discuss specific topics of particular interest, 
including the technical feasibility of continued storage and repository availability as well as the 
two technical issues involved in the remand of New York v. NRC—spent fuel pool leaks and 
spent fuel pool fires.  Finally the GEIS contains NRC’s responses to public comments on the 
draft GEIS and proposed Rule and in doing so provides additional technical background on, and 
explanation of, the GEIS’s analyses and conclusions.  

The GEIS also discusses the NRC’s Federal action—the adoption of a revised Rule, 
10 CFR 51.23, to codify (i.e., adopt into regulation) the analysis in the GEIS of the 
environmental impacts of continued storage of spent fuel—and the options the NRC could 
take under the no-action alternative.   
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D.2.6.5 – COMMENT:  A commenter questioned whether money from the Nuclear Waste Fund 
was used for the Waste Confidence public meetings. 

RESPONSE:  Funding for the NRC's public meetings came from the NRC’s general budget and 
did not come from the Nuclear Waste Fund.  No changes were made to the GEIS or Rule as a 
result of this comment. 

-3) 

D.2.6.6 – COMMENT:  A commenter noted the absence of a staff member from Congressman 
Issa’s office at the Waste Confidence public meeting in Carlsbad, California, and questioned 
whether the NRC had any interactions with Congressman Issa regarding the rulemaking. 

RESPONSE:  The NRC keeps Congress fully and currently informed of the agency’s regulatory 
activities.  The NRC’s Office of Congressional Affairs is the main conduit for NRC 
communications with Congress.  Members of the Commission and NRC senior staff regularly 
work with the NRC’s Office of Congressional Affairs to provide information to Congress and 
reply to inquiries from various committees of the House and the Senate and to Members of 
Congress who are interested in aspects of NRC responsibilities.  No changes were made to the 
GEIS or Rule as a result of this comment. 

-31-1) 

D.2.7 Comments Concerning the Scope of the GEIS 

D.2.7.1 – COMMENT:  The NRC received comments asserting that the scope of the GEIS failed 
to include certain topics.  One comment stated that the GEIS fails to address public safety and, 
because the scope is too narrow, the GEIS failed to effectively analyze the impacts on human 
health and the environment.  The comment also claimed the GEIS failed to evaluate the indirect 
impacts of continued storage of spent fuel.  Another commenter claimed that the NRC failed to 
address the environmental, political, and economic challenges associated with the continued 
production and accumulation of long-lived radioactive waste.  The comment also stated that the 
NRC does not have a strategy for the long-term management of these wastes.  Another 
comment indicated that, in general, not all of the framework for the management of spent fuel 
was in place.  Two other comments asserted that the NRC should include the environmental 
impacts of spent fuel disposal within the GEIS.  One comment claimed that the NRC is incorrect 
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to claim that the environmental impacts of spent fuel disposal are irrelevant to the GEIS.  That 
same comment cited language used in the License Renewal GEIS that stated the environmental 
impacts of spent fuel disposal could not be resolved until the waste confidence EIS was 
completed.  Another comment stated that by evaluating only the impacts of spent fuel storage, 
the NRC is excluding a major part of the nuclear fuel cycle.  In particular, whether or not a 
repository is available will affect the impacts for both storage and disposal. 

RESPONSE:  The NRC disagrees with the comments.  In the GEIS, the NRC has addressed 
the potential impacts to human health and the environment from the continued storage of spent 
fuel.  For example, the GEIS includes evaluations of the impacts of normal releases and of 
accidents.  The comment regarding indirect impacts provides insufficient information to 
understand what was expected in the GEIS.  However, the GEIS does address indirect impacts, 
such as socioeconomic impacts (see, for example, the discussion in Section 4.2 of the GEIS).  
The long-term plan for the disposal of spent fuel is within the purview of the President and 
Congress; the current plan established by Congress is codified in the Nuclear Waste Policy Act 
(NWPA).  While the NRC recognizes that the implementation of the current plan faces political 
and societal challenges, it is not the NRC’s role to set policy in this area. 

beyond the scope of the current action.  One comment argued that a footnote in the License 
Renewal GEIS implied that the Waste Confidence GEIS must address the impacts of spent fuel 
disposal.  That interpretation of that footnote is incorrect.  The footnote indicates that the work 
on the Rule was needed to provide information regarding the feasibility of a repository and the 
possible timing for the availability of a repository.  This portion of the license renewal table was 
included in the proposed rulemaking Federal Register Notice ( ), and 
the NRC is including amendments to the license renewal table as part of the final rulemaking for 
this proceeding. 

Finally, the GEIS specifically addresses how environmental impacts could be affected by 
delayed repository availability through the analysis of impacts in the three timeframes:  short-
term, long-term, and indefinite.  No changes were made to the GEIS or Rule as a result of these 
comments.   

-12- -1- -1- - - -4-24) 

D.2.7.2 – COMMENT:  Several commenters suggested issues that they believe should have 
been within the scope of this GEIS.  One commenter stated that the GEIS should have 
considered the complete safety of the environment and all living and interdependent organisms 
in the environment, economic impact to tax payers on prior mishandling, and a study of the 
industry and its liability for unforeseen consequences.  Another commenter said the GEIS must 
consider various storage methods for spent fuel (e.g., hardened onsite storage [HOSS] and 
expedited transfer).  The commenter also stated that the GEIS should have considered the 
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storage and transport of high-burnup fuel.  One commenter requested that the NRC seek input 
from the public about the confidence in reclaiming “orphaned” sites and the fairness of living 
near storage facilities.  Another commenter stated that the GEIS should be about more than just 
continued onsite storage, it should also more thoroughly address transportation, final disposition 
in a repository, and away-from-reactor storage.  Another commenter stated that to satisfy EPA 
requirements, the GEIS should consider each reactor site separately and evaluate all costs 
involved.  Another commenter stated that the NRC should consider alternatives for onsite and 
offsite storage of waste during and after the period of extended operation, offsite impacts during 
continued operation, long-term impacts and safety of the generation and storage of radioactive 
waste, comparative impacts of storage in pools versus dry storage, implications of storage on 
decommissioning, effects of storage and disposal if a repository is delayed, and alternatives and 
mitigations for these impacts.  The commenter also stated that these issues are not generic and 
should be evaluated on a site-specific basis and the GEIS should therefore be tiered off of in 
subsequent site-specific EISs. 

RESPONSE:  The NRC agrees in part and disagrees in part with these comments.  The scope 
of the GEIS is limited to the impacts of continued storage.  Issues outside this scope, such as 
industry liability, selecting a specific dry storage approach (e.g., HOSS), and transportation 
outside of the period of continued storage are, therefore, not addressed in the GEIS.  Additional 
information on other fuel storage options is provided in Section D.2.14.2 of this appendix.  The 
evaluation in the GEIS addressed impacts to all resources that might be affected by the 
continued storage of spent fuel.  With regard to spent fuel burnup, Chapter 2 of the GEIS 
explains that for purposes of environmental impact analysis, the NRC relies on the larger 
lifetime amount of spent fuel discharged at low burnups.  However, as discussed in Section 

 low-burnup, high-burnup and 
mixed-oxide (MOX) fuels has been added to the GEIS in Appendix I to help clarify the 
similarities between these fuel types.  Regarding site-specific analyses, this document is, by its 
nature, a generic evaluation.  Prior to the completion of an individual licensing action, the NRC 
will conduct a site-specific environmental review and document the results of this review in an 
EA and FONSI or EIS.  For more information regarding the generic evaluation of impacts, see 
Section D.2.11.1 of this appendix. 

Comments that address activities that occur during plant operations (including the generation of 
the waste) are outside the scope of the GEIS and Rule.   

The NRC included the impacts of both pool and dry cask storage in its evaluation, but did not 
compare them to each other in the GEIS.  As discussed in the GEIS, a spent fuel pool will 
already exist at each site and its impacts to the environment in the period of continued storage 
are minor.  The NRC assumes that all fuel will have been moved from the pool to casks by the 
end of the short-term timeframe.  Therefore, both wet and dry storage are a necessary part of 
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the storage of the fuel during continued storage and a comparison of them is not necessary.  
For additional information, see Section  of this appendix. 

The GEIS addresses the cumulative impacts of continued storage and decommissioning (in 

For additional information regarding decommissioning, see Section D.2.43.1 of this appendix.  
—these are (as NEPA requires) 

alternatives to the proposed action (revising the Rule).  In general, the NRC will address 
mitigation in site-specific licensing reviews.  Section D.2.11.1 of this appendix provides 
additional insight into this approach.  However, the GEIS does discuss mitigation related to 
aging, damaged, or degraded fuel (see Section 2.2.2.1 of the GEIS and Section  of this 
appendix for additional information regarding this issue).  Any determinations by the NRC about 
whether to require mitigation measures of any type will occur on a site-specific basis during 
facility licensing or during the course of ongoing NRC oversight.  No changes were made to the 
GEIS or Rule as a result of these comments. 

(11-2) (30-21- -11-11) (112- - -32- - -1- -1-  

D.2.7.3 – COMMENT:  The NRC received a comment requesting the NRC clarify that ESPs are 
not included within the scope of the GEIS and Rule.  The commenter stated that because ESPs do 
not authorize the generation or storage of spent fuel, NEPA does not require consideration of the 
environmental impacts of continued storage of spent fuel for ESP applications.  The commenter 
also provided numerous conforming revisions to the GEIS to clarify that waste confidence does not 
apply to ESPs, in particular the cost-  

RESPONSE:  The NRC agrees with the comment that clarification of the scope of the proposed 
Rule change is appropriate.  The NRC recognizes that neither the current language of the Rule, 
nor the proposed revision to that section, expressly addresses whether the Rule applies to ESP 
reviews. 

However, the NRC disagrees with the comment that ESPs are not covered by the Rule.  The 
clear purpose of the regulation was to preclude the need for a site-specific analysis of the 
environmental impacts of continued storage for all power-reactor-related and ISFSI-related 
licensing actions, including spent fuel generated by new reactors.  This purpose is evident from 
the Commission’

—including those 

-specific analysis of the environmental impacts of 
continued storage is not necessary, coupled with the absence of an explanation as to why ESPs 
were not included in the regulation, is evidence that this was an oversight on the part of the NRC.  
Not including ESPs would also lead to the anomalous result—again, unexplained by NRC—of 
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RESPONSE:  The NRC agrees with the comment that there might be other options available in 
the future to meet the same objectives as having a DTS at each spent fuel storage installation.  
The GEIS assumed a DTS at each storage site as a conservative assumption for the purpose of 
evaluating potential environmental impacts of continued storage.  As with all NEPA analyses, 
the assumptions in the GEIS in no way approve actions or constitute requirements.  No changes 
were made to the GEIS or Rule as a result of this comment. 

-2-1) 

D.2.17.3 – COMMENT:  Several commenters stated that there will be unspecified difficulties, 
costs, spills, and accidents stemming from transfers of spent fuel from spent fuel pools to dry 
casks, and from dry casks to other dry casks.  One commenter stated that there may not be 
room on the existing sites to construct the necessary DTSs and ISFSIs.  In addition, one 
commenter asserted that no generic environmental impacts assessment can be made because 
of site-specific variations in the condition of spent fuel pools, canisters, and casks; the existence 
of multiple types of dry storage systems; and the unverified performance of the reference DTS.  
Another commenter asserted that the GEIS discussion of effluent radiation monitoring is an 
admission that there will be radiological releases from the DTSs over time.  One commenter 
expressed general skepticism about the reliability of the NRC’s DTS and dry cask assumptions 
because the NRC’s assessments of the technical capabilities of dry casks “keep expanding and 
improving as time progresses and the prospect of an available repository diminishes.” 

RESPONSE:  The NRC disagrees with the comments.  Because continued storage activities 
involving a DTS are assumed to occur in the long-term timeframe after the operating license of 
a power reactor expires, the DTS activities evaluated in the GEIS would occur many decades 

e, some 
uncertainty exists regarding the specific methods and equipment that would be used.  For the 
purpose of evaluating environmental impacts in the GEIS, the NRC conservatively assumed 
DTSs would be employed based on existing technology and regulations.  This assumption is 
conservative because constructing, operating, and replacing DTS facilities would have greater 
environmental impacts than other plausible future options for addressing at-reactor transfer 
needs (e.g., use of overpacks that would not require bare fuel handling).  In addition, industry 
has decades of operating experience with wet transfer of new fuel and spent fuel, which 
involves some spent fuel handling equipment and procedures similar to what would be used in a 
DTS.  Based on these factors, the NRC considers the assumption regarding the future use of 
DTSs to be reasonable.  Additional details about the design, operation, and safety of the DTS 
concept are provided in the supporting references in Sections 2.1.4 and 2.2.2.1 of the GEIS. 

While spent fuel transfer operations can present challenges to operators (e.g., working with 
damaged fuel [see Section  of this appendix for more information]), as described in 

current reactor sites with licensed ISFSIs where spent fuel is loaded in dry storage cask 
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In response to comments about damaged fuel, NRC has added information within Section 
2.2.2.1 of the GEIS describing damaged fuel in the context of DTS operations, including 
descriptions of methods for handling damaged spent fuel.  No other changes were made to 
GEIS and no changes were made to the Rule as a result of these comments. 

(2- -22- - - - - - - - -3- -2-20) 
-2- -4-11) 

D.2.18 Comments Concerning GEIS Assumptions – Timeframes 

D.2.18.1 – COMMENT:  Many commenters provided comments on the likelihood of the 
indefinite timeframe and the NRC’s statement that the short-term timeframe is the most likely 
timeframe.  Commenters questioned the NRC’s statements in the draft GEIS that the indefinite 
timeframe was highly unlikely and stated that it was unreasonable to assume a repository would 
be available within the short-term timeframe. 

In contrast, other commenters expressed support for repository availability in the short-term 
timeframe.  One commenter stated a no-repository scenario is contrary to current law and is 
remote and speculative and represents a worst case, which is not required by NEPA. 

RESPONSE:  Geologic disposal remains the national strategy for the disposition of spent fuel 
under the NWPA and the Federal government, through the DOE, is continuing its work on a 
disposal solution for spent fuel.  Based on these factors and the technical feasibility of a 
geologic repository (discussed in Appendix B of this GEIS), the NRC has concluded that siting, 
constructing, and licensing of a repository within the short-term timeframe is the most likely 
outcome.  Consequently, the NRC believes that the indefinite timeframe is the least likely of the 
three timeframes.  However, sufficient uncertainty remains in the timing of the effort to open a 
repository that the NRC cannot completely rule out the possibility that a repository will not be 
available by the end of the short-term timeframe.  Therefore, the NRC has prepared an analysis 
of an additional 100 years of continued storage (i.e., the long-term timeframe) and, in 
accordance with the direction of the Court of Appeals, has assumed that a repository never 
becomes available (i.e., the indefinite timeframe). 

In addition, a number of comments were submitted that expressed concern regarding both the 
costs and responsibilities of continued storage (see Section D.2.42 in this appendix).  DOE has 
estimated that future liabilities, should the U.S. Government not take custody of spent fuel, will 

illion each year after that 
(GAO-12- GAO 2012).  Furthermore, the NRC acknowledges that, because of delays in the 
siting and licensing of a repository, the Federal government bears an increasing financial 
responsibility for spent fuel storage costs, and it may become responsible for paying all the 
costs associated with spent fuel storage at some time in the future.  Financial liabilities of this 
magnitude support the NRC’s view that the short-term timeframe is the most likely outcome. 
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Appendix B in the GEIS has been revised to provide further clarification of the basis for the 
Commission’s conclusions concerning the feasibility of geologic disposal.  No changes were 
made to the Rule as a result of these comments. 

-10) (112-20- - - -2) (222-13) (244-11- - -4) (431- - -
- - -2- - -1- - -2- -2- - - -4-
-  

D.2.18.2 – COMMENT:  Commenters expressed concerns regarding the adequacy of the 
evaluation of future impacts in the GEIS.  Although some commenters questioned the credibility 
of the estimates of future impacts for the short-term timeframe, the majority of comments 
expressed concern regarding the long-term and indefinite timeframes.  These concerns were 
mainly attributed to uncertainty in how conditions may evolve in the future.  Commenters stated 
that the impacts, including costs, during the indefinite period need to be analyzed, and that, 
based on the impact determinations of SMALL in the draft GEIS, the analysis of costs appears 
inadequate.  In contrast, one commenter stated that with proper maintenance and monitoring 
spent fuel could be indefinitely stored in pools or dry casks. 

RESPONSE:  The NRC agrees that evaluation of future environmental impacts are uncertain 
due to uncertainties in future conditions, however, the presence of uncertainty does not 
invalidate nor preclude the development of reasonable determinations of potential 

used for 
evaluating environmental impacts that provided appropriate and reasonable bounds for 
projecting future conditions and activities related to continued storage (e.g., see response to 
comments in Sections  and  of this appendix. 

The NRC does not agree that the adequacy of the GEIS should be based on the impact 
determinations being SMALL.  The GEIS fully describes the evaluations and impact 
determinations for each resource area and each timeframe.  The NRC has responded to 
comments for each resource area, including postulated accidents and climate change, made 
any necessary changes to the GEIS, and determined the GEIS evaluations are appropriate (see 

for at-reactor and away-from reactor storage impacts. 

The suggestion that costs of continued storage be considered in the GEIS is addressed in 
Section  of this appendix.  Except for the changes made to the GEIS discussed in 
Section D.2.42.1, no changes were made to the GEIS or Rule as a result of these comments. 

(112-20- - - -12- -24- - - - - - -14- -
- - - - - - - - -3) - - - - - -21- -
-4) (341-1- -1- -10) (402- -10) (431- -1- - - -

- -1- - - - - -4- -2- -2-3) 
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D.2.18.3 – COMMENT:  Many commenters stated that the GEIS timeframes are too long or 
expressed confusion about them.  Some commenters suggested that the GEIS use shorter 
timeframes and not include the consideration of long-term storage.  Other commenters 
considered long storage times to be permanent storage or “de-facto” disposal, which they assert 
is contrary to the NWPA.  Some commenters also expressed support for the reasonableness of 
the timeframes. 

timeframes presented are just one analytical approach that ensures all spent fuel is analyzed for 
the entire period before geologic disposal and that other analytical approaches would have 
worked just as well. 

RESPONSE:  The NRC acknowledges the comments in support of the timeframes selected, 
and agrees with the comment that NRC could have used different analytical approaches (i.e., 
different time periods) to analyze the environmental impacts of continued storage.  However, the 
NRC disagrees that consideration of long-term storage should not be included in the GEIS.  
Regardless of the number and length of specific timeframes, the GEIS needs to evaluate and 
disclose the impacts of continued storage.  However, sufficient uncertainty remains in the timing 
of the effort to open a repository that the NRC cannot completely rule out the possibility that a 
repository will not be available by the end of the short-term timeframe.  The NRC has therefore 
prepared an analysis of an additional 100 years of continued storage (the long-term timeframe) 
and, in accordance with the direction of the Court of Appeals, has analyzed the indefinite 
timeframe. 

The timeframes selected for the GEIS conform to the GEIS assumption that dry cask storage 
systems would be replaced every 100 years.  The NRC believes the replacement period 
provides reasonable increments of time for evaluating environmental impacts because the 
replacement of dry cask storage systems is likely to be more environmentally significant than 
routine storage operations.  In addition, replacement activities provide a distinct period of time to 
analyze.  Although the GEIS evaluates the impacts of storage activities for all three timeframes, 
it does not authorize storage during these timeframes.  Authorization for storage, if it were 
ultimately pursued, would require separate licensing actions with requisite environmental 
analysis. 

The NRC notes that some comments expressed confusion regarding the timeframes and their 
relationship to licensed facility life.  As explained in t
environmental impacts considered in the GEIS are for the time period “after” the licensed life for 
reactor operations.  At that time, the licensee would no longer be authorized to operate a 
reactor, but would continue to store spent fuel onsite under either its 
license, or .  During this time, the licensee would remain under the 
NRC’s regulatory control and NRC inspections and oversight of storage facilities would 
continue.  The NRC monitors the performance of ISFSIs (at both decommissioned and 
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shutdown reactor sites and operating reactor sites) by conducting periodic inspections.  As 
discussed in Section 
provide further context for the evaluation of the impacts after licensed life that also provide 
clarity for the timeframes considered.  No changes were made to the Rule as a result of these 
comments. 

- - -43- -2- -2- - - - - -1-11) 
-1- - - - - - - - - - - -3-4) 

D.2.18.4 – COMMENT:  Some commenters stated that the timeframes in the GEIS, which begin 
at the date the plant ceases operations, do not account for casks that have been loaded and are 
sitting for years prior to the cessation of plant operations.  Commenters requested that the 
consideration of storage run from the date that the spent fuel is put into a cask, not the date that 
the plant ceases operations.  One commenter noted that the 100-year timeframe for cask 
replacement does not take into consideration any information from the manufacturer of the 
casks, such as a warranty or statement on the useful life of the cask. 

One commenter stated that the NRC should delete any reference to the storage timeframe 
including operations of the plant (i.e., text starting on page 1-12 and continuing to 1-13 in 
S
and distinct from storage times for dry casks. 

RESPONSE:  The NRC agrees in part and disagrees in part with the comments.  In general, the 
NRC agrees with commenters that the consideration of continued storage needs to consider the 
age of storage facilities in place at the beginning of the continued storage period; however, the 
NRC disagrees with the assertions that the environmental impacts of storage of spent fuel 
during reactor operations should be included in the GEIS. 

Prior to the completion of an individual licensing action (e.g., review for a combined license), the 
NRC will conduct a site-specific environmental review and document the results of this review in 
an EA and FONSI or EIS.  The environmental impacts of storing spent fuel at reactor facilities 
during the licensed life for reactor operations will be evaluated during that review.  Though those 
impacts are assessed separately, they will be considered in conjunction with the impacts in the 
GEIS at the time of licensing, and thus do not need to be considered as part of the GEIS. 

GEIS are for the time period after the licensed life for reactor operations and the age of the 
storage facilities are considered in the analysis.  For example, the GEIS assumption that 
replacement of the entire ISFSI would occur over the course of each 100-year interval, starting 
at the beginning of the long-
the beginning of the long-term storage timeframe because:  (1) a typical spent fuel pool reaches 
its licensed capacity limit about 30 years into the licensed life for operation of the reactor after 
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which some spent fuel would need to be removed from the spent fuel pool and transferred into a 

that was first placed in dry casks 
beginning of the short-term timeframe; and (3) the beginning of the long-term timeframe, which 

years of dry cask storage for the spent fuel that was initially placed into dry cask storage, which 
is the time period over which it is assumed a dry cask storage system would be replaced.  Thus, 
the consideration of replacement of dry cask storage systems at the beginning of the long-term 
storage timeframe explicitly accounts for the assumed lifetime of the dry cask storage system.  

GEIS for evaluation of cask lifetimes in the context of evaluating impacts after licensed life for 
reactor operations.  No changes were made to the Rule as a result of these comments. 

The consideration of “warranty” type information, as suggested by the commenter, is not 
expected to add further significant information beyond what has already been considered for 
estimating the behavior and longevity of dry cask storage systems.  Appendix B of the GEIS 
describes the design of storage casks as well as national and international experience with 
storage casks in support of the longevity of dry casks (e.g., current understanding for slow 
degradation rates of dry storage casks).  The GEIS assumes casks will be replaced every 100 
years as a conservative assumption to facilitate the NRC’s environmental analysis.  For 
example, this assumption results in increased land use and generation of concrete waste.  The 
NRC notes that the 100-year replacement interval is not intended to convey that dry casks and 
facilities need to be replaced every 100 years to maintain safe storage.  The NRC considered 
experience with dry cask storage systems, information related to certification and regulatory 
oversight of dry cask storage systems, and monitoring and maintenance of dry cask storage 
systems to provide an informed basis for understanding the behavior of dry cask storage 
systems and estimating a replacement interval for the GEIS that is considered conservative 
(i.e., replacement times would most likely be longer than 100 years).   

-2- - 3-1- -2- - -2-  

D.2.18.5 – COMMENT:  Commenters expressed concern that the assumptions in the GEIS 
regarding the longevity of storage casks and pools are based on NRC experience with spent 
fuel storage for shorter durations than the lifetimes of up to 140 years for spent fuel pools and 
100 years for spent fuel casks projected in the GEIS.   

RESPONSE:  The NRC agrees in part and disagrees in part with these comments.  The NRC 
agrees that spent fuel is currently stored in spent fuel pools and dry casks for less time than the 
NRC assumes could occur in the GEIS (i.e., the GEIS assumes a spent fuel pool is operational 
for up to 140 years and dry casks are in service for 100 years).  The NRC disagrees with the 
comments’ concerns that the experience with spent fuel storage does not support the storage 
times considered in the GEIS because the assumed GEIS storage times are longer than the 
current storage duration. 
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Appendix B of the GEIS provides the technical basis for the NRC’s conclusions that it is feasible 
that spent fuel may be safely stored in spent fuel pools and dry casks for the periods projected 
in the GEIS.  This analysis in Appendix B includes support for the robust structural design and 
construction of spent fuel pools and dry cask storage, their slow rate of degradation, and 
programs for monitoring and maintenance at storage facilities.  In response to public comments, 
the NRC has revised Appendix B to add additional information regarding the role of monitoring 
and maintenance programs for collecting operational experience.  No changes were made to 
the Rule as a result of these comments. 

- -3- -2- -2- -24) 

D.2.18.6 – COMMENT:  One commenter suggested that the GEIS could be developed around 
scenarios that present the expected impacts on the environment at each of the timeframes used 
in the GEIS.   

RESPONSE:  The NRC agrees that the GEIS could present the environmental impacts using a 
‘scenario’ approach as suggested by the comment.  However, the NRC has decided to use its 
well-established format for EISs; the GEIS is organized to present the environmental impacts for 
each timeframe according to the specific resource areas of the affected environment.  The 
comment did not suggest the GEIS approach was inappropriate.  No changes were made to the 
GEIS or Rule as a result of this comment.  

-1-  

D.2.18.7 – COMMENT:  One commenter raised concerns with quality assurance violations 
related to the design and manufacture of dry casks and questioned how the NRC could have 
confidence in indefinite dry cask storage when significant quality assurance issues exist. 

RESPONSE:  The NRC disagrees with the comment’s assertion that past quality assurance 
issues undermine confidence in the safety of dry cask storage systems.  Although there have 
been isolated instances involving dry cask storage system design or operational issues, the 
extent of the issues identified have not called into question the safety of dry cask storage 
systems.  Further information on monitoring and maintenance of dry cask storage systems is 
provided in  Section .  No changes were made to the GEIS or Rule as a result of this 
comment. 

-10-3) 

D.2.18.8 – COMMENT:  Commenters questioned the technical and factual basis for the 

reactor, (2) storage facilities (i.e., dry casks) would be replaced every 100 years, and (3) the 
amount of spent fuel considered in a timeframe was appropriate.  Some commenters stated that 
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storage assumptions need to be based on regulatory requirements, others asserted that 
experience did not challenge the GEIS assumptions. 

RESPONSE:  The NRC agrees in part and disagrees in part with the comments.  The NRC 
agrees that assumptions made in the GEIS for evaluating environmental consequences are not 
always based on regulatory requirements; however, the NRC disagrees with statements in the 
comments that the assumptions in the GEIS need to be based on regulatory requirements. 

The NRC has made reasonable assumptions that support the analysis of the environmental 

licensed life of the reactor is reasonable because (1) there is no need to cool spent fuel in a pool 
associated with 

pool storage exceed dry cask storage costs; and (3) experience with decommissioning of 
nuclear power plants indicates that spent fuel pools are decommissioned before the end of the 

-year period.  No dry cask storage systems have reached a 100-year service time; however, 
current information supports low degradation rates for dry cask storage systems (see Appendix 
B of the GEIS and Sections  and  of this appendix for further details). 

The NRC is not aware of information that would suggest that dry cask storage systems would 
need to be replaced after 100 years of service.  However, the NRC believes that the 100-year 
replacement period provides a reasonable timeframe for the routine replacement of dry storage 
systems, and that actual storage facility replacement will be needed less frequently than 
assumed in the GEIS.  The conservative nature of this assumption ensures that the 
environmental impact determinations in the GEIS are unlikely to underestimate the actual 
environmental impacts, should continued storage be necessary. 

The GEIS considers the environmental impacts from continued storage for an at-reactor site 
and an away-from-reactor ISFSI.  The amount of spent fuel considered for each site is 

metric tons of uranium 
[MTU] of spent fuel for the at-reactor site and 40,000 MTU for an away-from-reactor ISFSI).  No 
changes were made to the GEIS or Rule as a result of these comments. 

-2- -1- -3) (244-14-3) (244-14- -10- -12- -12- -11-
- - -12- -12- -2-4 - - - -2- -2-2) 

-3-  

D.2.19 Comments Concerning GEIS Assumptions – Institutional Controls 

D.2.19.1 – COMMENT:  Many commenters questioned the reasonableness of the draft GEIS 
assumption that effective institutional controls will continue indefinitely into the future.  Some of 
these commenters argued that the NRC could not support a conclusion that loss of institutional 
controls is remote and speculative.  Other commenters believe that the NRC's conclusions 
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Another commenter stated that the NRC did not consider a 2012 flooding event at the Fort 
Calhoun nuclear power plant, in which the Missouri River nearly reached the grade level of the 
onsite ISFSI.  The commenter stated that the NRC has no means to assure that this would be 
the case in future catastrophic flooding; or that Cooper Nuclear Station or Oconee Nuclear 
Station dry casks would be above flood level after a catastrophic upstream dam failure.  The 
commenter stated that should ISFSI flooding occur, the lower cooling vents of the casks could 
potentially become submerged or clogged with debris that licensee personnel would not be able 
to intervene to clear, resulting in a possible cask rupture.  

Another commenter stated that the GEIS should have considered criticality accidents in dry 
casks storage systems and cited NUREG/CR– Effects of Fuel Failure on Criticality Safety 
and Radiation Dose for Spent Fuel Casks (Elam et al. 2003), in support of the comment.  Other 
commenters stated that dry cask storage systems offer significant robust protection from natural 
phenomena.  

Some commenters stated that the accident in March 2011 at the Fukushima Dai-ichi nuclear 
power plant demonstrates that dry cask storage systems are more robust than spent fuel pools.  
Commenters described effects of the August 23, 2011 Mineral, Virginia earthquake on spent 
fuel storage facilities at the North Anna Nuclear Generating Station and stated that 
seismographs have been removed from at least one plant.  A few commenters noted that the 
heavy cement dry storage casks moved 1 to 4 in.  One commenter went on to point out that, 
there are earthquake faults near specific plants and that there is no proof that, after an 
earthquake, the waste will be able to be removed safely because no fuel has been removed 
from dry cask storage after a long period of time.  Some commenters stated that the accident at 
Fukushima Dai-ichi and the Mineral, Virginia earthquake demonstrate that dry cask storage 
systems are robust, one commenter stated dry cask storage systems are more robust than 
spent fuel pools. 

RESPONSE:  The NRC agrees in part and disagrees in part with the comments.  The NRC 
agrees that dry cask storage systems offer significant robust protection from natural 
phenomena, as evidenced by the continued safety of storage facilities after earthquakes struck 
spent fuel storage facilities at the Fukushima Dai-ichi and North Anna nuclear power plants.  
However, the NRC disagrees that the analysis in the GEIS is deficient with respect to the 
analysis of accidents involving dry cask storage systems and disagrees that the additional 
information and documents cited by the commenters affects the analysis or conclusions in the 
GEIS. 

The NRC does not agree with the comments’ statements about the risk of spent fuel fires in dry 
cask storage systems.  Dry cask storage systems are passive and robust engineered structures 
designed to withstand natural forces, such as earthquakes and wind-borne missiles.  There are 
no active safety systems that could fail and thereby increase the likelihood of a release of 
radioactive material.  Even in the highly unlikely event of an accidental breach of a cask, or cask 
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D.2.38.3 – COMMENT:  One commenter suggested that the GEIS include specific information 
on aging management.  The commenter suggested that the GEIS include information on how 
the aging management program will provide for monitoring the integrity of dry storage system 
components and the potential emissions specific to dry storage systems during the 100-year 
storage timeframe. 

RESPONSE:  The NRC agrees that an aging management program is an important component 
of the NRC’s regulatory oversight of spent fuel storage.  Applicants for specific licenses (10 CFR 

CoC 
storage cask renewal) are required to describe a program for the management of issues 
associated with aging that could adversely affect structures, systems, and components 
important to safety; structures, systems, and components that are necessary to fulfill a function 
that is important to safety; or support the function of a structure, system, or component that is 
important to safety.  The NRC conducts a review of the aging management activities described 
in these applications.  The NRC will only approve of the renewal application if the program is 
adequate to provide reasonable assurance that aging effects would be managed during the 
period of extended operation.   

All ISFSI sites are required to meet the 
materials in effluents and direct radiation from an ISFSI or MRS.  Appropriate radiation 
monitoring and the aging management program requirements will be reflected in the terms, 
conditions, and technical specifications of the renewed CoC and thus made applicable to the 

management program requirements will be reflected in the terms and conditions of the renewed 
specific license.  The NRC will monitor the general or specific licensee’s compliance with the 
terms and conditions of their license through the NRC’s inspection program.  Guidance on aging 
management programs is available in Chapter 3 of NUREG– dard Review Plan for 
Renewal of Spent Fuel Dry Cask Storage System License and Certificates of Compliance (NRC 
2011g).  

Additional information on the aging management program has been added to Appendix B of the 
GEIS.  No changes were made to the Rule as a result of this comment. 

-10) 
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Regarding costs of storage, utilities are responsible for the cost of storage, including the cost of 
purchasing dry casks.  However, in response to high public interest about costs, the NRC has 
included some cost information regarding continued storage in Chapter 2 of the GEIS.  No 
changes were made to the Rule or GEIS as a result of these comments. 

(112-30- - - - -4- - - - - - - - - -3) 
- -  

D.2.38.5 – COMMENT:  Several commenters expressed concern about spent fuel storage in dry 
storage casks.  

Commenters stated that casks need to withstand terrorism, tornadoes, floods, airplane crashes, 
underwater submersion, and severe earthquakes.  To support their belief that spent fuel cannot 
be stored safely in dry storage casks for hundreds of years, commenters provided examples of 
past issues with casks (e.g., fabrication, cracking, corrosion, welds, seals, loading and 
unloading, leaking, clogged air flow vents, equipment failure, concrete storage pads, location of 
storage pads, hydrogen ignition incidents, a failed dry cask test, and quality control and 
assurance) that they believe indicate that spent fuel cannot be stored safely in dry storage 
casks for hundreds of years.  One commenter stated that NRC had allowed manufacturers to 
build casks before issuance of the CoC, and another commenter stated that the NRC has 
exempted defective casks in the past.  Commenters questioned how the NRC can have 
confidence in safe dry storage forever given the many documented issues and data gaps 
associated with cask storage.  Several commenters expressed concern about storage of high-
burnup fuel in dry casks due to the limited experience with this fuel. 

or 20 years) is not sufficient for indefinite storage.  Commenters asked how the NRC will assure 
that the casks are replaced after their lifetime or earlier if the cask leaks and who would pay for 
any replacement.  Commenters stated that there is no proof that spent fuel can be safely 
removed from casks or transported in the future as no cask has ever been unloaded.  

However, other commenters stated that casks can withstand environmental disasters as 
evidenced by Fukushima.  Commenters noted that casks have been used safely for decades 
and systems have become more robust over time.  Commenters noted that dry cask storage 
systems will continue to evolve in the future with enhancements that will improve safety.  
Commenters provided some examples of improvements that have been made to the casks, 
including higher capacity casks that reduce handling activities.  Some commenters encouraged 
the NRC to make dry cask storage safer. 

One commenter was concerned that the NRC’s cask certification process occurs too quickly 
and locks out public involvement.  The commenter stated that the process has been taken over 
by the industry and that the lack of rigorous oversight has resulted in a lack of cask design field 
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testing.  Commenters noted that the casks are not approved for geologic disposal and 
requested information on when final geologic disposal casks would be available.  

Commenters encouraged the NRC to comprehensively evaluate and validate the sufficiency of 
the design life of storage systems.  

One commenter submitted a paper for a method to take advantage of the heat that comes off 
the dry storage casks. 

RESPONSE:  The NRC agrees in part and disagrees in part with the comments.  The NRC 
agrees with the comments that casks have been used safely for decades and that the designs 
continue to evolve.  The NRC disagrees with the comments that indicate spent fuel cannot be 
stored safely in dry casks.  Appendix B of the GEIS analyzes the feasibility of safe storage of 
spent fuel in casks.  The analysis describes proven storage methodologies, practical operating 
experience, and the regulatory oversight provided by the current regulatory framework, allowing 
the NRC to determine that spent fuel can continue to be stored safely in the short-term 
timeframe with only routine maintenance and in the long-term and indefinite timeframes with 
cask replacement every 100 years.  

The NRC assures safety by requiring multiple layers of protection against radiation releases.  
The storage casks provide an important barrier and the fuel cladding provides another layer of 
protection.  The design requirements imposed by regulation ensure that the casks will maintain 
shielding, confinement, and subcriticality during normal and off-normal conditions of storage, 
postulated accidents, and natural events.  The NRC reviews each application for a cask CoC to 

of this review, the NRC performs confirmatory analysis to verify the information in the 
application.  The CoC application and amendment review processes are thorough, and the 
information submitted by the applicants, the NRC questions (e.g., requests for additional 
information and requests for supplementary information), and the applicant responses are 
available for public review during the processes (with some information redacted for security or 
proprietary reasons).  As part of the review, the NRC evaluates the applicant’s QA program to 

 

Storage cask performance is evaluated against a range of normal and off-normal conditions, 
accidents, and external events.  For normal conditions of storage, the casks are evaluated for 
maximum high and minimum low ambient temperatures and must simultaneously include the 
effects of solar insolation.  In addition, the NRC evaluates the operational environment that a 
cask will experience when it is being loaded, prepared for storage, and transferred to the 
storage pad.  The evaluations for off-normal conditions include variations in temperatures 
beyond normal, failure of 10 percent of the fuel rods combined with off-normal temperatures, 
failure of one of the confinement boundaries, partial blockage of air vents, out-of-tolerance 
equipment performance, equipment failure, and instrumentation failure or faulty calibration.  The 
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applicant is required to evaluate the storage cask for a cask drop and tipover, fire, fuel rod 
rupture, and air flow blockage (for vented storage casks).  In addition to accident conditions, the 
following natural phenomena are evaluated:  flood, tornado, earthquake, burial under debris, 
lightning strike, and other phenomena (e.g., seiches, tsunamis, and hurricanes), as appropriate, 
depending on the storage cask location.  The Commission has determined that evaluation of 
terrorist strikes and large plane impacts, on the other hand, are beyond-design-basis events that 
do not need to be evaluated by an applicant for a license or CoC.  The test (at Aberdeen 
Proving Ground) referenced in the comments, discusses perforation of a cask by an armor 
piercing missile, which is also a beyond-design-basis event analogous to a terrorist strike.   

Once the NRC review is completed, the cask design is approved by rulemaking, which provides 
the public an opportunity to comment.  The NRC review process is similar for site-specific ISFSI 

opportunity for the public to request a hearing. 

The NRC performs regular inspections at the cask fabrication facilities for CoCs, at both 
specifically and generally licensed ISFSI sites.  The NRC also performs regular inspections of 
CoCs and license holders’ QA programs. 

With respect to the comment on early fabrication of casks and exemptions, the NRC does allow 
early fabrication and exempti
“[a]n applicant for a CoC may begin fabrication of spent fuel storage casks before the 
Commission issues a CoC for the cask; however, applicants who begin fabrication of casks 
without a CoC do so at their own risk.  A cask fabricated before the CoC is issued shall be made 
to conform to the issued CoC before being placed in service or before spent fuel is loaded.”  If a 
storage cask does not meet the design approved by the NRC, then the CoC holder must either 
repair the non-
whether the CoC holder can deviate from the CoC without prior NRC approval, or obtain 
approval by the NRC to use the non-conforming part.  Exemption applications submitted under 

endanger life or property or the common defense and security and are otherwise in the public 
interest.  The NRC completes both a safety review and an environmental review before 
approving any exemptions. 

The NRC follows up on potential safety issues with casks through the inspection program or, in 
some cases, through the allegation process.  When concerns or issues are substantiated, the 
NRC takes appropriate follow-up actions for those with a resulting safety or regulatory concern.  
The NRC has previously addressed, or is addressing, the various concerns raised in the 
comments, many of which were identified by the NRC.  For example, the NRC identified the 
potential for chloride-induced stress-corrosion cracking of austenitic stainless steel in 
Information Notice 2012-20 (NRC 2012l). 
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The NRC requires its licensees to implement monitoring and surveillance programs and 
licensees must take the necessary actions to ensure that the necessary integrity of required 
systems and components is maintained (see ).  Surveillance programs include 
periodic inspections of storage cask vents to ensure that debris does not block the vents.  

While it is true that no storage cask has been unloaded at an ISFSI, casks have been unloaded 
at national laboratories.  Applicants provide unloading procedures as part of the CoC application 
or site-specific application and the NRC reviews the procedures as part of its review.  

With respect to the comments on transportation, some storage casks have been certified for 
both storage and transportation.  Spent fuel has been safely transported for over 30 years with 
no incidents or releases of radiation.  

With respect to storage term, existing casks are certified for either 20 or 40 years, and can be 
renewed.  One of the issues examined for renewals is storage of high-burnup fuel.  10 CFR Part 

enewal applicants, 
the NRC would consider any degradation mechanisms associated with the fuel pellet itself or 
the cladding that could challenge the cladding integrity and retrievability of fuel from storage.  
Hydride reorientation that may occur in high-burnup fuel during storage, which could embrittle 
the cladding at lower long-term temperatures, is predominately a transportation issue.  Under 
renewed CoCs, licensees are required to manage any effects associated with this degradation if 
it could adversely affect structures, systems, and components important to safety.  The NRC 
believes sufficient data are available to project that high-burnup fuel can be safely stored and 
retrieved.  Licensees must include aging management programs in their renewal applications to 
manage issues associated with aging that could adversely affect structures, systems, and 
components important to safety (including corrosion).  Licensees must also include time-limited 
aging analyses that demonstrate that structures, systems, and components important to safety 
will continue to perform their intended functions for the requested period of extended operation.  
For more information on high-burnup fuel, see Appendix I of the GEIS and Section  of 
this appendix. 

The NRC has an extended storage program evaluating extended cask storage for durations up 
to 300 years.  Ongoing research into the extended storage of spent fuel is part of the NRC’s 
effort to continuously evaluate and update its safety regulations.  As noted in Appendix B, the 
NRC is not aware of any deficiencies in its current regulations that would challenge the 
determination that continued safe storage of spent fuel in dry casks is feasible. 

The environmental impacts of geologic disposal are out-of-scope for this proceeding.  Any 
geologic disposal casks would be evaluated and approved prior to the operation of a geologic 
disposal facility.  
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Recommended uses of the heat emitted from dry casks are also outside the scope of the Rule 
and GEIS.  No changes were made to the GEIS or Rule as a result of these comments. 

(3- - - - -14- - - -24- -13- - - -
- -2) ( - - - - -13- - - - - -14- -14-
-14- -20- -4- -4- - - - - - -3- -
- - - - - - - -1- - - -1-
-1- - - - - - - - -4) 

D.2.38.6 – COMMENT:  Many commenters expressed concern over storage of spent fuel in 
pools.  Commenters stated that the spent fuel pools were not intended for long-term storage of 
spent fuel over periods as long as decades.  Rather, storage was intended only to last until the 
spent fuel had cooled for removal from the pool, and that it is irresponsible to allow continued 
pool storage.  Commenters stated that the quantity of spent fuel stored in the pools exceeds the 

Commenters stated that the pools are not protected by redundant emergency makeup and 
cooling systems and they lack robust containment structures.  Commenters stated that 
overcrowding of spent fuel pools is a problem, which increases the potential for a radioactive 
release that could put the surrounding communities and the nation at risk of a potential 
catastrophic accident or terrorist event that could result in land contamination.  Commenters 
stated that spent fuel pools are vulnerable to power outages, earthquakes, meltdowns, and 
terrorist attacks, which can lead to leaks and area contamination.  Commenters stated that NRC 
cannot dismiss pool accidents as improbable or of low probability.  Commenters indicated that 
while the dry casks at Fukushima survived, the spent fuel pools are collapsing, and thus the 
Fukushima event should be instructive to the United States and prompt removal of spent fuel 
from pools. 

Commenters expressed support for transferring spent fuel to dry cask as a national priority.  
Several commenters cited NUREG–  2001b), Technical Study of Spent Fuel Pool 
Accident Risk at Decommissioning Nuclear Power Plants, to support the view that dry cask 
storage of spent fuel is safer than pool storage. 

Commenters stated that (1) reactors should not be allowed to generate additional spent fuel 
until all existing spent fuel has been removed from the pools, (2) facilities that have been shut 
down should be required to transfer all spent fuel to casks before gaining access to 
decommissioning funds, and (3) the NRC should require that any refueling event result in a net 
transfer of spent fuel to cask storage. 

Some commenters indicated that pool storage is safe and pools have safely contained spent 
fuel for over 30 years, which is equivalent to over 3,000 years of operating experience with no 
significant environmental impact. 
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Mr. Thomas J. Palmisano 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

August 19, 2015 

Vice President and Chief Nuclear Officer 
Southern California Edison Company 
San Onofre Nuclear Generating Station 
P.O. Box 128 
San Clemente, CA 92674-0128 

SUBJECT: SAN ONOFRE NUCLEAR GENERATING STATION, UNITS 2 AND 3- REVIEW 
AND APPROVAL OF THE IRRADIATED FUEL MANAGEMENT PLAN 
(TAC NOS. MF4894 AND MF4895) 

Dear Mr. Palmisano: 

Pursuant to Title 10 of the Code of Federal Regulations (10 CFR), Section 50.54(bb), licensees 
of nuclear power plants within 2 years following permanent cessation of operation must submit 
to the U.S. Nuclear Regulatory Commission (NRC), for review and preliminary approval, the 
program by which the licensee intends to manage and provide funding for the management of 
all irradiated fuel at the reactor, until title and possession of the fuel is transferred to the 
Secretary of Energy for its ultimate disposal in a repository. In addition, pursuant to 
Section 50.82(a)(4)(i), the licensee must submit a post-shutdown decommissioning activities 
report (PSDAR). A site-specific decommissioning cost estimate (DCE), containing the projected 
cost of managing irradiated fuel, is part of the PSDAR. On June 12, 2013, SCE informed the 
NRC that it had permanently ceased operations of SONGS Units 2 and 3 (Agencywide 
Documents Access and Management System (ADAMS) Accession No. ML 131640201). 

By letter dated September 23, 2014 (ADAMS Accession No. ML 14269A032), Southern 
California Edison Company (SCE, the licensee) submitted the San Onofre Nuclear Generating 
Station (SONGS), Units 2 and 3, Irradiated Fuel Management Plan (IFMP) to the NRC. SCE 
concurrently submitted the PSDAR and the site-specific DCE under separate cover letters 
(ADAMS Accession Nos. ML 14269A033 and ML 14269A034, respectively). As approved by 
exemption dated September 5, 2014, (ADAMS Accession No. ML 14101A132), SCE uses the 
nuclear decommissioning trust fund (DTF) for license termination, irradiated fuel management 
and site restoration expenditures. While costs associated with all of these activities are 
discussed in the IFMP, the enclosed review focuses on irradiated fuel management. The NRC 
staff is conducting a separate review of the PSDAR and site-specific DCE. 

Based on its review of SCE's submittal, the NRC staff finds that the licensee's program to 
manage and provide funding for the management of all irradiated fuel is adequate and provides 
sufficient detail regarding the associated funding mechanisms. Further, the staff has 
determined that the elected actions within the program are consistent with NRC requirements 
for licensed possession of irradiated nuclear fuel and that these actions will be implemented in a 
timely basis. Therefore, the staff concludes that the SONGS, Units 2 and 3, IFMP complies with 
10 CFR 50.54(bb) and approves the plan on a preliminary basis. The NRC staff's review of the 
SONGS IFMP is enclosed. 
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The NRC staff recognizes that the IFMP analysis is based on a reported DTF balance that may 
fluctuate over time. Should a material decline in the DTF balance occur, the staff's analysis and 
findings may be impacted. However, in accordance with 10 CFR 50.82(a)(8)(vii), the licensee 
must annually submit to the NRC, by March 31, a report on the status of its funding for 
managing irradiated fuel. Further, in accordance with 10 CFR 50.54(bb), the licensee shall 
notify the NRC of any significant changes to the IFMP. Accordingly, the regulations provide a 
means of informing the NRC staff of fluctuations in the reported DTF balance and significant 
changes to the IFMP. 

If you have any questions, please contact me at 301-415-4037 or Thomas.Wengert@nrc.gov. 

Docket Nos. 50-361 and 50-362 

Enclosure: 
Safety Evaluation 

cc w/enclosure: Distribution via Listserv 

Sincerely, 

~tt.-~ 
Thomas J. Wengert, Senior Project Manager 
Plant Licensing IV-2 and Decommissioning 
Transition Branch 

Division of Operating Reactor Licensing 
Office of Nuclear Reactor Regulation 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

IRRADIATED FUEL MANAGEMENT PLAN 

SOUTHERN CALIFORNIA EDISON COMPANY 

SAN ONOFRE NUCLEAR GENERATING STATION, UNITS 2 AND 3 

DOCKET NUMBERS 50-361 AND 50-362 

1.0 INTRODUCTION AND BACKGROUND 

By letter dated September 23, 2014 (Agencywide Documents Access and Management System 
(ADAMS) Accession No. ML 14269A032), Southern California Edison Company (SCE, the 
licensee) submitted the San Onofre Nuclear Generating Station (SONGS), Units 2 and 3, 
Irradiated Fuel Management Plan (IFMP) to the U.S. Nuclear Regulatory Commission (NRC). 
SCE concurrently submitted the Post-Shutdown Decommissioning Activities Report (PSDAR) 
and the Site Specific Decommissioning Cost Estimate (DCE) by separate letters (ADAMS 
Accession Nos. ML 14269A033 and ML 14269A034, respectively), which are currently under staff 
review. 

2.0 BACKGROUND 

As described in the SONGS PSDAR, the SONGS site is located on the coast of Southern 
California in San Diego County, and is approximately 62 miles southeast of Los Angeles and 
51 miles northwest of San Diego. The property on which the units were built is subject to an 
easement from the United States Navy. The site is located entirely within the boundaries of the 
United States Marine Corps Base Camp Pendleton. The property is approximately 4,500 feet 
long and 800 feet wide, and encompasses 84 acres. The property is situated between the coast 
of the Pacific Ocean and Interstate 5 (1-5), but does not include the office buildings and facilities 
located east of 1-5. The nearest privately owned land is approximately 2.5 miles away. 

SONGS is a two-unit pressurized-water reactor site that houses supporting facilities. The 
reactors were previously licensed to produce 3,438 megawatt thermal each. A third unit 
(SONGS, Unit 1) existed until its closure in 1992. An onsite Independent Spent Fuel Storage 
Installation (ISFSI), used to store fuel from Units 1, 2, and 3 is located on the portion of the site 
previously occupied by Unit 1. Fuel storage at the ISFSI was initiated in 2003, and the pad was 
expanded in 2007 to support 63 horizontal storage modules. To date, a total of 51 dry storage 
containers (DSCs) have been installed, with 50 containers storing irradiated fuel and one 
containing greater-than-Class-C (GTCC) waste. 

Enclosure 
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SONGS, Units 2 and 3, have been owned by four entities. SCE is authorized to act as the 
agent for the other owners. The percent ownership of both reactors is as follows: SCE owns 
78.21 percent; San Diego Gas & Electric Company owns 20 percent; and Riverside owns 
1. 79 percent, with Anaheim providing decommissioning funding, despite not currently owning 
any percentage of the facilities. The relative obligation for decommissioning varies by unit and 
entity as follows: 

Cost Categories 
Owners 

SDG&E Riverside Anaheim SCE 
SONGS 1 20% 0% 0% 80% 
SONGS 2 20% 1.79% 2.4737% 75.7363% 
SONGS 3 20% 1.79% 2.4625% 75.7475% 
Common Facilities (Units 2 & 3) 20% 1.79% 2.4681% 75.7419% 
SONGS 1 Fuel 20% 0% 0% 80% 
SONGS 2/3 Fuel 20% 1.79% 2.3398% 75.8702% 
ISFSI Maintenance and D&D 20% 1.6066% 2.2686% 76.1248% 
San Diego Switchyard 100% 0% 0% 0% 
Edison Switchyard 0% 0% 0% 100% 
Interconnection Facilities 50% 0% 0% 50% 
Nuclear Fuel Cancellation Charges 20% 1.79% 0% 78.21% 

By letter dated June 12, 2013, SCE notified the NRC of its permanent cessation of operations of 
Units 2 and 3, effective on June 7, 2013 (ADAMS Accession No. ML 131640201). SCE 
subsequently submitted two letters to the NRC, dated July 22, 2013 (ADAMS Accession 
No. ML 13204A304), and June 28, 2013 (ADAMS Accession No. ML 13183A391), certifying the 
permanent removal of fuel from the reactor vessels of Units 2 and 3, respectively. 

The NRC staff notes that as approved by exemption dated September 5, 2014, (ADAMS 
Accession No. ML 14101A132), SCE uses the nuclear decommissioning trust fund (DTF) for 
license termination, irradiated fuel management and site restoration expenditures. While costs 
associated with all of these activities are discussed in the IFMP, this review focuses specifically 
on the costs associated with the management of irradiated fuel. A separate review of the 
PSDAR and site-specific DCE is currently being performed by the NRC staff. 

3.0 REGULATORY EVALUATION 

3.1 Regulatory Requirements 

Title 10 of the Code of Federal Regulations ( 10 CFR) Section 50. 54(bb) states, in part: 

For nuclear power reactors licensed by the NRC, the licensee shall, within 
2 years following permanent cessation of operation ... submit written notification 
to the Commission for its review and preliminary approval of the program by 
which the licensee intends to manage and provide funding for the management 
of all irradiated fuel at the reactor following permanent cessation of the operation 
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of the reactor until title to the irradiated fuel and possession of the fuel is 
transferred to the Secretary of Energy for its ultimate disposal in a repository. 

Section 50.54(bb) of 10 CFR further states: 

The licensee must demonstrate to NRC that the elected actions will be consistent 
with NRC requirements for licensed possession of irradiated nuclear fuel and that 
the actions will be implemented on a timely basis. Where implementation of such 
actions requires NRC authorizations, the licensee shall verify in the notification 
that submittals for such actions have been or will be made to NRC and shall 
identify them. A copy of the notification shall be retained by the licensee as a 
record until expiration of the reactor operating license. The licensee shall notify 
the NRC of any significant changes in the proposed waste management program 
as described in the initial notification. 

In addition, 10 CFR 50.82(a)(4)(i) states, in part, that the site-specific DCE that is submitted as 
part of the PS DAR includes the projected costs of managing irradiated fuel. 

3.2 Information Submitted in Support of the IFMP Review 

Similar to reviews of other IFMPs, 1 the NRC staff reviewed the following information submitted 
in support of the SONGS IFMP: 

• Estimated cost to isolate the spent fuel pool (SFP) and fuel handling systems. For the 
decontamination (DECON) option, the cost to isolate the SFP and fuel handling systems 
may be considered as part of the preparation for DE CON; 

• Estimated cost to construct an ISFSI or a combination of wet/dry storage; 
• Estimated annual cost for the operation of the selected option (wet or dry storage or a 

combination of the two) until the Department of Energy (DOE) takes possession of the 
fuel; 

• Estimated cost for the preparation, packaging, and shipping of the fuel to DOE; 
• Estimated cost to decommission the spent fuel storage facility; and 
• Brief discussion of the selected storage method or methods, and the estimated time for 

these activities. 

In addition, the NRC has determined that irradiated fuel can be safely stored in spent fuel pools 
and ISFSls. The technical feasibility of either storage method was codified in the Continued 
Storage of Spent Nuclear Fuel Rule (79 FR 56238), as supported by NUREG-2157, "Generic 
Environmental Impact Statement for Continued Storage of Spent Nuclear Fuel" (ADAMS 
Accession No. ML 14196A 105), and specifically, Appendix B, "Technical Feasibility of Continued 
Storage and Repository Availability." With regard to "actions implemented on a timely basis," 
NUREG-2157 considers three time periods: short-term storage, long-term storage, and 
indefinite storage. While all storage timeframes are considered technically feasible, the short­
term storage period of 60 years beyond licensed life for reactor operations covers the IFMP 

1 Most recently, the safety evaluation by the Office of Nuclear Reactor Regulation related to the updated 
IFMP of Duke Energy Florida, Inc., Crystal River Unit 3 Nuclear Generating Plant, Docket No. 50-302 
(ADAMS Accession No. ML 14344A408). 
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proposed by SCE. This timeframe coincides with the decommissioning timeframe. A minimum 
assumption is that all spent fuel will be moved from the spent fuel pool to dry cask storage by 
the end of the short-term storage timeframe. 

4.0 TECHNICAL EVALUATION 

The SONGS IFMP represents a high level plan for the management of irradiated fuel. It 
references the SONGS DCE as identifying the details, schedules, and costs of the spent fuel 
management activities. As noted above, the NRC is reviewing the SONGS DCE and PSDAR 
separately. However, during this review, the NRC staff considered relevant portions of the DCE 
and ensured consistency between the documents. 

Table 1 of the IFMP identifies the seven periods of spent fuel management. For each period, 
the table provides a brief description, the duration, and the cost on a unit basis in 2014 dollars in 
the unit of thousands. The first period, "Spent Fuel Management Transition," consists of 
activities that support the implementation of security enhancements required for reductions in 
staff, cyber security modifications, post-Fukushima modifications for Unit 2, and the design and 
fabrication of spent fuel canisters. This period began in June 2013, ended in December 2013, 
and cost a total of $129,997,000. As per the IFMP, the safe initial interim storage of SONGS 
irradiated fuel will occur in each unit's respective SFP (also known as "wet storage"). The 
normal systems that support the SFPs will be replaced by stand-alone cooling and filtration 
systems. These new systems will allow the SFP to independently operate from the normal 
systems (also known as "islanding"). Table 2 of the IFMP provides the estimated cost to isolate 
the SFPs and fuel handling systems, which is $22, 183,000. After appropriate cooling has 
occurred, all irradiated fuel in the SFPs will be transferred to the ISFSI for "dry storage." This 
activity is currently scheduled to be completed by 2019. 

The second period, "Spent Fuel Transfer to Dry Storage," includes preparation and issuance of 
the IFMP; selection of the dry storage system canister design and vendor; design and 
construction of the ISFSI expansion (as discussed below); purchase, delivery, and loading of 
spent fuel canisters; and the transfer of the fuel to the ISFSI. This period began in January 
2014 and is expected to end in June 2019. It is estimated to cost $716,822,000. 

Units 2 and 3 have generated a total of 3,460 irradiated fuel assemblies. At present, 792 
irradiated fuel assemblies from both units have already been transferred to the ISFSI. The 
remaining 2,668 irradiated fuel assembles will be loaded into DSCs and transferred to the 
ISFSI. The ISFSI currently contains 18 DSCs that store Unit 1 fuel and 33 DSCs that store 
Units 2 and 3 fuel. All of the fuel that is currently stored on the ISFSI is kept in Transnuclear 
NUHOMS Model Number-24PT1 or PT4 DSCs. 

SCE intends to expand the current ISFSI in order to accommodate the remaining irradiated fuel 
from Units 2 and 3. Additional DSCs will be procured from one or more of the available, 
NRG-approved dry storage system suppliers, which began in 2014. An estimated 47 DSCs will 
be required for Unit 2 fuel, and an estimated 44 DSCs will be required for Unit 3 fuel. The exact 
number will depend on the capacity of the selected system and the number of DSCs needed to 
store GTCC waste and other materials. The estimated cost for a combination of wet/dry storage 
and ISFSI expansion is $306,391,000. 
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The third period, "Dry Storage during Decommissioning for Units 1, 2, and 3," is scheduled for 
June 2019 through December 2031. The execution of scheduled activities during this period is 
expected to cost a total of $122,849,000. The fourth period, "Dry Storage Only - Units 1, 2, and 
3," is scheduled for December 2031 through December 2049 and is expected to cost 
$58, 765,000. The fifth period, "Dry Storage Only - Units 2 and 3," is scheduled for December 
2049 through September 2051, and is expected to cost $214,653,000. 

The sixth period, "Decontamination and Dismantlement (D&D) Period 1," is scheduled for 
December 2049 through May 2050 and is expected to cost $2,520,000. The final period, "D&D 
Period 2," is scheduled for May 2050 through September 2051 and is expected to cost 
$30,590,000. These final two periods will serve as the time to decontaminate and dismantle the 
ISFSI and return the area to unrestricted use, once all spent fuel has been removed from the 
site. 

The SONGS Units 2 and 3 IFMP is based on the commencement of industry-wide acceptance 
of spent fuel by DOE in 2024 and SONGS' priority-ranking in that queue. As such, SCE is 
assuming that all fuel will be removed from the SONGS site by 2049. The estimated cost for 
preparation, packing, and shipping of the fuel to DOE is $6,742,000. The estimated cost to 
decommission the ISFSI is $33, 110,000. 

The NRC staff, as part of its analysis of the IFMP, used the information and cost estimates 
outlined above, in conjunction with Tables 4A and 4B of the SONGS IFMP that provides the 
annual cost to manage the spent fuel, to calculate the ending balance for the SONGS DTF at 
the end of the projected fuel removal period. The calculation resulted in a positive ending 
balance: $406,084,000 for Unit 2 and $499,465,000 for Unit 3. The NRC staff subtracted 
projected radiological decontamination costs, spent fuel management costs, and site restoration 
costs from the projected opening balance on a yearly basis. The NRC staff then applied a 2-
percent real rate of return on this value to calculate a projected year-end balance. The yearly 
closing balance calculations can be found in Attachment 1, "Unit 2 IFMP Closing Balance 
Calculations," and Attachment 2, "Unit 3 IFMP Closing Balance Calculations," of SCE's IFMP 
submittal. 

The NRC staff finds the SONGS IFMP estimates to be reasonable, based on a cost comparison 
with similar decommissioning reactors, while acknowledging that there are large uncertainties 
and potential site-specific variances that may impact these cost estimates in the future. 

Regarding the provision in 1 O CFR 50.54(bb), "The licensee must demonstrate to NRC that the 
elected actions will be consistent with NRC requirements for licensed possession of irradiated 
nuclear fuel and that the actions will be implemented on a timely basis," the SONGS IFMP is 
consistent with the determinations that the NRC has made in the Continued Storage of Spent 
Nuclear Fuel Rule and NUREG-2157. The NRC staff has determined that storing fuel in either 
the spent fuel pool or ISFSI represents an acceptable means for storing irradiated fuel. The 
licensee's plan contains both storage methods, with irradiated fuel being taken out of the spent 
fuel pool and fully transitioned to the ISFSI within 5 years, followed by complete dry storage. 
The anticipated date to transfer fuel to DOE and subsequent decommissioning of the ISFSls are 
scheduled to be completed in 2051. This supports the requirement to complete 
decommissioning within the 60-year timeframe, as required by 10 CFR 50.82. 
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5.0 CONCLUSION 

Based on the NRC staff's review of the SONGS IFMP and site-specific DCE, the staff finds that 
SCE has provided sufficient detail to satisfy the requirements of 1 O CFR 50.54(bb). Based on 
the staff's calculated positive ending balance (as provided in Attachments 1 and 2 of this safety 
evaluation), the NRC staff finds that SCE has demonstrated reasonable assurance that funding 
will be available to maintain the IFMP until the fuel is transferred to the DOE for permanent 
disposal. Further, the NRC staff finds that the actions and timeframes described in the IFMP 
are consistent with the NRC's generic determination for spent fuel management, associated 
with the Continued Storage of Spent Nuclear Fuel Rule, as supported by NUREG-2157. 
Therefore, the NRC staff preliminarily approves the SONGS IFMP. 

Principal Contributor: Eric Olvera 

Date: August 19, 2015 
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SONGS Unit 2: If MP Closing Balance Calculations 

Year Opening Radiological Spent Fuel Site 
2% Interest 

Balance Decontamination Management Restoration 
2013 
2014 51,847,000 579,799 535,719 S15,089 
2015 $1,750,721 $69, 196 $106,308 $7,439 
2016 S1,599, 133 S54,541 S59,308 S3,730 S29,631 
2017 $1,511,186 $111,903 $59,308 $1,957 $26,760 
2018 S1,364,778 S47,520 S59,308 so S25, 159 
2019 $1,283, 109 $108,328 $27,554 $13,539 $22,674 

-···-··-········----- ·-·----·----······--·------·-· -- ·······-------·········--··· .... ·-···········-- ... ······-·-·--···-···-·- ·············-·-·····- .... . ........ _____ ················ ---···········---·······-·--·--···---
2020 S1. 156,362 S185,482 S4,908 S36 S19,319 
2021 $985,254 $79,081 $4,908 $36 $18,025 
2022 S919,254 S54,785 S4,908 S1,927 S17, 153 
2023 $874,787 $158,207 $4,908 $36 $14,233 
2024 S725,868 S37,930 S4,908 S16,848 S13,324 
2025 $679,506 $2,922 $4,908 $44,621 $12,541 
2026 S639,596 S2,922 S4,908 S19,412 S12,247 
2027 $624,601 $2,922 $4,908 $22,469 $11,886 -- -------~-----·· -· 2028 S606,188 S2.922 S4,908 S31,688 S11,333 
2029 $578,004 $2,922 $4,908 $66,873 $10,066 
2030 S513,367 S2,922 S4,908 S71,867 S8,673 
2031 $442,343 $2,055 $5,089 $23, 181 $8,240 
2032 S420,258 S2. 122 S7,214 so S8,218 
2033 $419,141 $0 $7,214 $0 $8,2 
2034 S420, 165 so S7,214 so S8,259 
2035 $421,210 $0 $7,228 $0 $8,280 
2036 S422,262 so S7,665 so S8,292 
2037 $422,889 $0 $7,665 $0 $8,304 
2038 S423,528 so S7,665 so S8,317 
2039 $424.181 $0 $7,665 $0 $8,330 
2040 S424,846 so S7,665 so S8,344 
2041 $425,525 $0 $7,665 $0 $8,357 
2042 S426,217 so S7,665 so S8,371 
2043 $426,923 $0 $7,665 $0 $8,385 
2044 S427,643 so S7,665 so S8,400 
2045 $428,378 so $7,665 $0 $8,414 

········----· ....... ··-·- ....................... -............... ............. ............................................ ........................ .......... ........................ ........................... .......................... ................ ......... .. ........................................ .. ............. 
2046 5429, 127 so 57,665 so S8,429 
2047 $429,891 so S7,665 $0 $8,445 
2048 S430,671 so S7,665 so S8,460 
2049 $431,466 so $7,667 $0 $8,476 
2050 S432,275 so S9,974 S20, 177 S8,042 
2051 $410,166 so $6,573 $11,928 $7,833 
2052 S399,498 so so S1,377 S7,962 

Totals S1.008,481 $559,311 $374,230 

Notes (SONGS IFMP): 
Costs are in 2014 dollars (in thousands) and are not escalated from the base year. 
SONGS Unit 2 Trust fund balances at end of 2013 were $1,847,000. 

Closing Balance 

$1,847,000 
1,750,721 
1,599, 133 

S1,511,186 
$1,364,778 
S1,283,109 
$1, 156,362 

.. --···---··-·---· .. -·- ···-·-
S985,254 
$919,254 
S874,787 
$725,868 
S679,506 
$639,596 
S624,601 
$606, 188 
S578,004 
$513,367 
S442,343 
$420,258 
S419, 141 
$420, 165 
S421,210 
$422,262 
S422,889 
$423,528 
S424, 181 
$424,846 
S425,525 
$426,217 
S426,923 
$427,643 
S428,378 
$429, 127 ........................ , ____ .. ,_ .. _ .................... 
S429,891 
$430,671 
S431,466 
$432,275 
S410, 166 
$399,498 
S406,084 

Radiological Decontamination, Spent Fuel IVlanagement, and Site Restoration figures from SONGS IFMP. 
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SONGS Unit 3: IFMP Closing Balance Calculations 

Opening 
Balance 

Radiological Spent Fuel Site 
Decontamination Management Restoration 

2% Interest Closing Balance 

2013 $2,079,400 
2014 S2,079,400 S78,964 S40,156 S15,969 S38,886 S1,983,197 
2015 $1,983,197 $74,096 $112,024 $9,390 $35,754 $1,823,441 
2016 S1,823,441 S61,451 S64,405 S25,227 S33,447 S1,705,805 
2017 $1,705,805 $40,631 $64,405 $3,799 $31,939 $1,628,910 
2018 S1,628,910 S86,348 S64.405 so S29,563 S1,507,720 
2019 $1,507,720 $96,521 $29,675 $13,908 $27,352 $1.394,968 
2020 S1,394,968 S120.873 S4,908 S2. 135 S25,341 S1 .292.393 
2021 $1.292,393 $194,090 $4,908 $575 $21,856 $1, 114,676 
2022 S1.114.676 S135.313 S4.908 S2.467 S19,440 S991.428 

2027 $788,883 $2,922 $4,908 $25,848 $15, 104 $770,309 
2028 S770,309 S2,922 S4,908 S20,945 S14.831 S756.365 
2029 $756,365 $2,922 $4,908 $117.321 $12.624 $643,838 
2030 S643,838 S2.922 S4,908 S116,672 S10.387 S529,723 
2031 $529,723 $2,055 $5,089 $25,501 $9,942 $507,019 

1--:2,..,.03.,,.,2:--+--,s-=5""'01~. 0~1,._,9--+-----=s-=-2.-,-1"'"22:c-----+-·---cs-=7,_,,2-,-14 so S9. 954 s5o 7 ,637 

2033 $507,637 $0 $7,214 $0 $10.008 $510,432 
f--2-0-34--+--s-5-1 o_.4_3_2_--+----s-o----+--s-1-.2-1 _4 _ so s1o.064 S513.282 

2035- -$513:282 ____ -----$6 - ----- $7)28-- -$cf -- -s-10:12T ----- $516;Ti5--
2036 S516. 175 so S7.665 so $10, 170 $518,680 
2037 $518,680 $0 $7,665 $0 $10,220 
2038 S521.236 so S7,665 so S10.271 
2039 $523,842 $0 $7,665 $0 $10,324 
2040 S526,500 so S7,665 so S10.377 
2041 $529,212 $0 $7,665 $0 $10,431 
2042 S531,978 so 57.665 SO S10.486 
2043 $534,799 $0 $7,665 $0 $10,543 
2044 $537,677 so $7,665 so $10,600 
2045 $540,612 $0 $7,665 $0 $10.659 
2046 $543,606 so S7,665 so S10.719 
2047 $546,660 $0 $7,665 $0 $10,780 
2048 S549,775 so S7,665 so S10,842 
2049 $552,952 $0 $7,667 $0 $10.906 
2050 S556, 191 so S9,974 S23, 120 S10,462 
2051 $533,559 $0 $6,573 ~ $9,628 
2052 S491,048 so so S1,377 S9,793 

Totals $1,051,451 $586,876 $550,440 

Notes (SONGS IFMP): 
Costs are in 2014 dollars (in thousands) and are not escalated from the base year. 
SONGS Untt 3 Trust fund balances at end of 2013 were $2,079,400. 

$521,236 
S523,842 
$526,500 
$529.212 
$531,978 
S534,799 
$537,677 
S540,612 
$543,606 
S546,660 
$549,775 
$552,952 
$556,191 
S533,559 
$491,048 
S499.465 

Radiological Decontamination, Spent Fuel l\tlanagement, and Site Restoration figures from SONGS IFMP. 
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T. Palmisano -2-

The NRC staff recognizes that the IFMP analysis is based on a reported DTF balance that may 
fluctuate over time. Should a material decline in the DTF balance occur, the staffs analysis and 
findings may be impacted. However, in accordance with 10 CFR 50.82(a)(8)(vii), the licensee 
must annually submit to the NRC, by March 31, a report on the status of its funding for 
managing irradiated fuel. Further, in accordance with 10 CFR 50.54(bb), the licensee shall 
notify the NRC of any significant changes to the IFMP. Accordingly, the regulations provide a 
means of informing the NRC staff of fluctuations in the reported DTF balance and significant 
changes to the IFMP. 

If you have any questions, please contact me at 301-415-4037 or Thomas.Wengert@nrc.gov. 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

August 20, 2015 

Mr. Thomas J. Palmisano 
Vice President and Chief Nuclear Officer 
Southern California Edison Company 
San Onofre Nuclear Generating Station 
P.O. Box 128 
San Clemente, CA 92674-0128 

SUBJECT: SAN ONOFRE NUCLEAR GENERATING STATION UNITS 2 AND 3- REVIEW 
OF POST-SHUTDOWN DECOMMISSIONING ACTIVITIES REPORT 
(TAC NOS. MF4892 AND MF4893) 

Dear Mr. Palmisano: 

By letter dated June 12, 2013 (Agencywide Documents Access and Management System 
(ADAMS) Accession No. ML 131640201), Southern California Edison (SCE or the licensee) 
submitted a certification to the U.S. Nuclear Regulatory Commission (NRC) indicating that, 
effective June 7, 2013, SCE had permanently ceased power operations at Units 2 and 3 of the 
San Onofre Nuclear Generating Station (SONGS). By letters dated June 28, and July 22, 2013 
(ADAMS Accession Nos. ML 13183A391 and ML 13204A304), SCE certified that it had 
permanently defueled the SONGS Unit 3 and Unit 2 reactor vessels, respectively. As 
permanently shutdown and defueled facilities, and in accordance with Title 10 of the Code of 
Federal Regulations (10 CFR) Part 50, Section 50.82(a)(2), SCE is no longer authorized to 
operate the reactor or emplace nuclear fuel into the SONGS Units 2 or 3 reactor vessels. 
SONGS Units 2 and 3 are still authorized to possess and store irradiated nuclear fuel. 
Irradiated fuel is currently being stored onsite in spent fuel pools (SFPs) and in the Independent 
Spent Fuel Storage Installation (ISFSI) dry casks. 

On September 23, 2014, SCE submitted to the NRC the Post-Shutdown Decommissioning 
Activities Report (PSDAR) and the Site-Specific Decommissioning Cost Estimate (DCE) 
(ADAMS Accession No. ML 14272A 121) for SONGS, Units 2 and 3, pursuant to 
10 CFR Part 50.82(a)(4). The public receipt of the original PSDAR was noticed in the Federal 
Register on October 14, 2014 (79 FR 61668). The purpose of this letter is to provide you with 
the results of the NRC staff's review of the PSDAR. 

The purposes of the PSDAR and DCE are to: (1) inform the public of the licensee's planned 
decommissioning activities, (2) assist in the scheduling of NRC resources necessary for the 
appropriate oversight activities, (3) ensure that the licensee has considered all of the costs of 
the planned decommissioning activities and has considered the funding for the 
decommissioning process, and (4) ensure that the environmental impacts of the planned 
decommissioning activities are bounded by those considered in existing environmental impact 
statements. 

Pursuant to 10 CFR Part 50.82(a)(4)(i), the PSDAR must contain a description of the planned 
decommissioning activities along with a schedule for their accomplishment, a discussion that 
provides the reasons for concluding that the environmental impacts associated with site-specific 
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decommissioning activities will be bounded by appropriate previously issued environmental 
impact statements, and a site-specific DCE, including the projected cost of managing irradiated 
fuel. SCE's irradiated fuel management plan (IFMP) was submitted to the NRC on 
September 23, 2014 (ADAMS Accession No. ML 14269A032). While the NRC staff considered 
public comments about the projected costs of managing irradiated fuel within the PSDAR 
review, the staff conducted a separate evaluation of the IFMP, as required in 10 CFR 
Part 50.54(bb). The results of the staff's review of the IFMP is documented in an NRC safety 
evaluation dated August 19, 2015 (ADAMS Accession No. ML 15182A256). 

The NRC staff held a public meeting in the vicinity of SONGS, Units 2 and 3, on October 27, 
2014, to describe the decommissioning process, receive comments, and answer questions 
regarding the PSDAR. A summary of the meeting, dated March 9, 2015, can be found at 
ADAMS Accession No. ML 14351A396. Public questions and comments on the PSDAR and 
other areas related to the site's decommissioning, including the NRC staff's responses, are 
available for review in the transcript of the meeting (ADAMS Accession No. ML 14336A252). 
The NRC staff also received comments electronically from the public concerning the PSDAR. 
Public comments submitted electronically can be viewed at http://www.regulations.gov, by 
searching on Docket NRC-2014-0223 and selecting "Open Docket Folder." 

Public comments from the PSDAR public meeting and those submitted electronically to the 
NRC, generally fell into two categories: (1) questions and comments that are within the 
regulatory purview of the NRC staffs review of the PSDAR, and considered by the staff during 
its review, and (2) questions and comments that, upon review, were found to be outside the 
regulatory authority of the NRC, or were not relevant to the review performed by the NRC staff 
(i.e., whether the licensee's PSDAR meets the requirements of 10 CFR 50.82(a)(4)) and, thus, 
were not considered. 

The public questions and comments that the NRC staff considered during its review of the 
PSDAR are summarized below. Details of the specific questions or comments can be found in 
the documents referenced above. 

• Questions or comments about whether there is reasonable assurance that sufficient 
funds are available to decommission the facility, who manages those funds, and the 
NRC's role in oversight and monitoring the use of these funds. 

• Questions or comments about the specific planned activities the licensee listed 
regarding the decommissioning of the facility. This includes questions about the removal 
of facility structures. Also considered were comments on the decommissioning process 
in general, including the role of other governmental agencies that are participating in the 
decommissioning process (i.e., other than the NRC), and future opportunities for public 
involvement. 

• Questions or comments about the date that the permanent national high level waste 
storage facility is assumed to be available. 

• Questions or comments about the planned availability of the Southern California Edison 
emergency response center in the City Hall during decommissioning. 
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• Questions or comments about the lack of specificity in the decommissioning plan, 
including recordkeeping, and detailed cost estimates. 

• Questions or comments about emergency preparedness. 

• Questions or comments about the environmental impact of removing the intake and 
discharge canals. 

• Questions or comments related to the projected cost of managing irradiated fuel. 

Public comments or questions that, upon review, were found to be outside of the NRC's 
regulatory purview or outside the scope of the NRC staff's review of the PSDAR, as defined in 
10 CFR 50.82(a)(4)(i), are summarized below. 

• Questions or comments about the appropriateness or reasonableness of allowing the 
licensee to pass maintenance and decommissioning costs on to the customer. 

• Questions or comments about security regulations and the design-basis threat. 

• Questions or comments about the use of the facility after decommissioning is completed. 

• Questions or comments about the appropriateness of applying generic evaluations 
published by the NRC to specific facilities, such as SONGS. 

• Questions or comments about the national policy on long term storage of nuclear fuel, 
except for assumptions regarding the availability of a permanent national high level 
waste storage facility. 

• Questions or comments about the NRC's regulatory authority during the 
decommissioning period. 

• Questions or comments about the adequacy and acceptability of current NRC 
regulations. 

• Questions or comments about federal laws currently undergoing promulgation. 

• Questions or comments about the acceptable radiation exposure limit requirements. 

• Questions or comments about the performance, design requirements, and the 
availability of inspection and repair methods of spent fuel storage casks previously 
certified or under review by the NRC (Note: these issues are addressed during NRC's 
licensing of the spent fuel storage casks, or during cask license renewal). 

• Questions or comments about the licensee's choice of decommissioning method. 

• Requests to initiate research are outside the scope of this review and were not 
considered. 
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The NRC staff reviewed the PS DAR and DCE against the requirements in 10 CFR 50.82(a). In 
addition, the staff used the guidance in Regulatory Guide (RG) 1.185, Revision 1 (RG 1.185), 
"Standard Format and Content for Post-Shutdown Decommissioning Activities Report," dated 
June 2013 (ADAMS Accession No. ML 13140A038), in conducting its review and concludes the 
following: 

1. Section II of the PSDAR, "Description of Planned Decommissioning Activities," and the 
DCE provide the applicable information identified in Section C(1) of RG 1.185. The NRC 
staff's review found that the licensee described the activities associated with the major 
periods or milestones related to the decommissioning, as required by 
10 CFR 50.82(a)(4)(i) and consistent with RG 1.185. These periods included "Transition 
to Decommissioning," "Decommissioning Planning and Site Modifications," 
"Decommissioning Preps/Reactor Internals Segmentation," "Plant Systems and Large 
Component Removal," "Building Decontamination," and "License Termination During 
Demolition." 

2. Section II of the PSDAR also provides the estimated dates for initiation and completion 
of major decommissioning activities, as required by 10 CFR 50.82(a)(4)(i), and 
consistent with Section C(2) of RG 1.185. The NRC staff finds that the schedule for 
decommissioning activities is adequate to achieve SONGS, Units 2 and 3, license 
termination within 60 years of permanent cessation of operations, as required by 
10 CFR 50.82(a)(3). Additional schedule information regarding the major 
decommissioning activities, spent fuel management and site restoration was provided in 
Appendix C, "Detailed Project Schedule," of the DCE. 

3. Section Ill of the PSDAR, "Estimate of Expected Decommissioning and Spent Fuel 
Management Costs," provides an estimate of the expected decommissioning costs for 
SONGS, Units 2 and 3. Section Ill of the PSDAR references the DCE for specifics 
regarding the estimated costs associated with decommissioning and spent fuel 
management. SCE estimated the total decommissioning cost of SONGS, Units 2 and 3 
(license termination, spent fuel management, and site restoration), to be approximately 
$4.411 billion (in 2014 dollars). SCE estimated the costs associated with only the 
long-term irradiated fuel management to be $1.276 billion (in 2014 dollars). The NRC 
staff reviewed the cost estimates against the guidance in RG 1.185, Section C.3 and 
finds that SCE's site-specific DCE and the cost of long-term storage of spent fuel for 
SONGS, Units 2 and 3, are considered reasonable, are described consistent with the 
guidance in RG 1.185, provide sufficient details associated with the funding 
mechanisms, and meet the requirements of 10 CFR 50.82(a)(4)(i). 

4. Section IV of the PSDAR, "Environmental Impacts," provides a discussion of the 
potential environmental impacts associated with the SONGS, Units 2 and 3, 
decommissioning activities, as identified by Section C(4) of RG 1.185. The PSDAR 
includes a comparison of potential environmental impacts from SONGS, Units 2 and 3, 
planned decommissioning activities with impacts from similar activities provided in 
NUREG-0586, Initial Report, "Final Generic Environmental Impact Statement [GEIS] on 
Decommissioning of Nuclear Facilities," dated August 1988 and Supplement 1, dated 
November 2002. The GEIS and supplement evaluated the environmental impacts of 
decommissioning activities at nuclear power reactors necessary to reduce the residual 
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radioactivity to levels that allow for the termination of the NRC license. The licensee 
compared the SONGS, Units 2 and 3, facility to the reference facility in NUREG-0586 
and found that the SONGS, Units 2 and 3, environmental impacts were bounded by the 
analysis provided in NUREG-0586. After reviewing the licensee's comparison, the NRC 
staff finds that the potential environmental impacts associated with SONGS, Units 2 
and 3, decommissioning activities are bounded by the previously issued GEIS and its 
supplements, are described consistent with the guidance in RG 1.185, and meet the 
requirements of 10 CFR 50.82(a)(4)(i). 

Based on this review, the NRC staff finds that the PSDAR contains the information required by 
10 CFR 50.82(a)(4)(i), and is consistent with RG 1.185. In accordance with 10 CFR 50.82(a)(7), 
SCE must notify the NRC in writing before performing any significant decommissioning activity 
inconsistent with, or making a significant schedule change from, the planned decommissioning 
activities or schedules described in the PSDAR, including changes that significantly increase the 
decommissioning costs. 

In accordance with 10 CFR Part 2, "Agency Rules of Practice and Procedure," a copy of this 
letter will be available electronically for public inspection in the NRC Public Document Room or 
from the Publicly Available Records component of NRC's ADAMS. ADAMS is accessible from 
the NRC Web site at http://www.nrc.gov/reading-rm/adams.html. 

If you have any questions regarding this letter, please contact Thomas J. Wengert, at 
301-415-4037 or by e-mail at Thomas.Wengert@nrc.gov. 

Docket Nos. 50-361 and 50-362 

cc: Distribution via Listserv 

Sincerely, 

Thomas J. Wengert, Senior Project Manager 
Plant Licensing IV-2 and Decommissioning 
Transition Branch 
Division of Operating Reactor Licensing 
Office of Nuclear Reactor Regulation 
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December 31, 2019 

FOR: 

FROM: 

SUBJECT: 

PURPOSE: 

POLICY ISSUE 
(Information) 

The Commissioners 

John W. Lubinski, Director 
Office of Nuclear Material Safety 
and Safeguards 

SUMMARY OF STAFF REVIEW AND FINDINGS OF THE 

SECY-20-0001 

2019 DECOMMISSIONING FUNDING STATUS REPORTS FROM 
OPERATING AND DECOMMISSIONING POWER REACTOR 
LICENSEES 

The purpose of this paper is to inform the Commission of the U.S. Nuclear Regulatory 
Commission (NRC) staff's findings from its review of the 2019 decommissioning funding status 
(DFS) reports submitted by operating power reactor licensees and power reactor licensees in 
decommissioning. This paper does not address any new commitments or resource 
implications. 

BACKGROUND: 

In 1988, the NRC established technical and financial requirements to assure that 
decommissioning of all licensed facilities would be accomplished in a safe and timely manner 
and that adequate licensee funds would be available for this purpose (Volume 53 of the Federal 
Register(FR), page 24018 (53 FR 24018); June 27, 1988). "Decommission," in accordance 
with Title 10 of the Code of Federal Regulations (10 CFR) 50.2, "Definitions," means to remove 
a facility or site safely from service and reduce residual radioactivity to a level that permits: 
(1) release of the property for unrestricted use and termination of the license; or (2) release of 

CONTACT: Shawn W. Harwell, NMSS/REFS 
(301) 415-1309 
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the property under restricted conditions and termination of the license. Therefore, 
decommissioning, as used in NRC regulations, refers exclusively to radiological 
decommissioning. 

In 1998, in response to the anticipated deregulation of the power generating industry, the NRC 
amended the decommissioning financial assurance rules under 10 CFR 50. 75, "Reporting and 
recordkeeping for decommissioning planning," resulting in additional methods and flexibility for 
reactor licensees to provide financial assurance for decommissioning (63 FR 50465; 
September 22, 1998). Additionally, the amended regulations established the requirements that 
power reactor licensees report, on a biennial basis, the status of their decommissioning funds 
and on material changes to their external trust agreements and other financial assurance 
mechanisms. 

In 2011, the NRC further amended its regulations to improve decommissioning planning and to 
reduce the likelihood that any current operating facility would become a legacy site 1 

(76 FR 35512; June 17, 2011). As a result, under 10 CFR 50.82, ''Termination of license," 
power reactor licensees in decommissioning are required to provide annual DFS reports to the 
NRC that include, among other things, information on decommissioning expenditures made 
during the previous calendar year, the remaining balance of decommissioning funds, and an 
estimate of the cost to complete decommissioning. 

DISCUSSION: 

Pursuant to NRC regulations at 10 CFR 50. 75(f)( 1) (for operating power reactors) and 
10 CFR 50.82(a)(8)(vHvi) (for power reactors in decommissioning), licensees are required to 
submit DFS reports to the NRC. DFS reports are required every 2 years from operating power 
reactor licensees, annually from operating power reactor licensees that are within 5 years of the 
projected end of their operation or involved in a merger or acquisition, and annually from power 
reactor licensees in decommissioning. Licensees must submit these reports to the NRC by 
March 31 of the reporting year. The reports must provide specified information that will allow 
the agency to monitor the status of decommissioning funds for all power reactor licensees from 
the time they begin operating until their license is terminated. 

For operating reactors, in accordance with 10 CFR 50.75(f)(1), the DFS reports must include: 
( 1) the amount of decommissioning funds estimated to be required pursuant to 10 CFR 50. 75(b) 
and 10 CFR 50.75(c); (2) the amount of decommissioning funds accumulated to the end of the 
calendar year preceding the date of the report; (3) a schedule of the annual amounts remaining 
to be collected; (4) the assumptions used regarding rates of escalation in decommissioning 
costs, rates of earnings on decommissioning funds, and rates of other factors used in funding 
projections; (5) any contracts on which the licensee is relying; (6) any modifications occurring to 
a licensee's current method of providing financial assurance since the last submitted report; and 
(7) any material changes to trust agreements. 

10 CFR 50.75(c) requires licensees to demonstrate reasonable assurance of funding for 
decommissioning. Shortfalls should, therefore, be corrected in a timely manner. The staff notes 
that while the decommissioning funding amounts certified by licensees under this part do not 
represent the actual cost of plant decommissioning, they do provide assurance that licensees 

As defined in the Statement of Considerations accompanying the 2011 rule, a "legacy site" is a facility that is 
in decommissioning status with complex issues and an owner who cannot complete the decommissioning 
wor1< for technical or financial reasons. 
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have available the bulk of the funds to safely decommission the facility. Adjustments to the 
certification amount are required annually over the operating life of the facility and account for 
inflation in the labor, energy, and waste burial components of decommissioning costs. Within 
5 years before the projected end of operations, 10 CFR 50. 75(f) requires that each licensee 
submit a preliminary decommissioning cost estimate that includes an updated assessment of 
the major factors that could affect the cost to decommission. The preliminary cost estimate is a 
more accurate representation of the licensee's cost to decommission as compared to the NRC 
required minimum. Therefore, shortfalls identified during the operating cycle and between 
biennial DFS reporting periods are considered to be temporary lapses in funding for 
decommissioning that may be remedied by use of a parent company guarantee, trust fund 
growth, or trust fund contributions. In any event, guidance in Regulatory Guide (RG) 1.159, 
"Assuring the Availability of Funds for Decommissioning Nuclear Reactors," Revision 2, issued 
October 2011, states that shortfalls identified in a biennial DFS report must be corrected by the 
time the next report is due. 

For power reactors in decommissioning, in accordance with 10 CFR 50.82(a)(8)(v), the annual 
DFS reports must include: (1) the amount spent on decommissioning, both cumulative and over 
the previous calendar year, the remaining balance of any decommissioning funds, and the 
amount provided by other financial assurance methods being relied upon; (2) an estimate of the 
costs to complete decommissioning, reflecting any difference between actual and estimated 
costs for work performed during the year, and the decommissioning criteria upon which the 
estimate is based; (3) any modifications occurring to a licensee's current method of providing 
financial assurance since the last submitted report; and ( 4) any material changes to trust 
agreements or financial assurance contracts. Pursuant to 10 CFR 50.82(a)(8)(vi), if the sum of 
the balance of any remaining decommissioning funds, plus earnings on such funds calculated at 
not greater than a 2 percent real rate of return, together with the amount provided by other 
financial assurance methods being relied upon, does not cover the estimated cost to complete 
the decommissioriing, the DFS report must include additional financial assurance to cover the 
estimated cost of completion. 

Pursuant to 10 CFR 50.75(e)(2), the NRC reserves the right to review, as needed, the rate of 
accumulation of decommissioning funds and take additional actions as appropriate, on a 
case-by-case basis, to ensure a licensee's adequate accumulation of decommissioning funds . 
This includes modification of a licensee's schedule for the accumulation of decommissioning 
funds. Additionally, in accordance with 10 CFR 50.82(c), for licensees that shut down their 
reactors prematurely, the collection period for any shortfall of funds will be determined on a 
case-by-case basis upon application by the licensee, taking into account the specificfinancial 
situation of each licensee. 

Using staff guidance in Office of Nuclear Reactor Regulation Office Instruction LIC-205, 
"Procedures for NRC's Independent Analysis of Decommissioning Funding Assurance for 
Operating Nuclear Power Reactors and Power Reactors in Decommissioning," Revision 6, 
dated April 10, 2017,2 the NRC staff reviewed the 20193 DFS reports for completeness and 
compliance with 10 CFR 50.75(f)(1)- (2) and 10 CFR 50.82(a)(8)(v)- (vi). The staffs review 
included reports for 98 operating power reactors and 21 power reactors in decommissioning. 
Two tables summarizing the staff's review are enclosed. Table 1, "2019 Decommissioning 
Funding Status Report for Operating Power Reactor Licensees (December 31, 2018)," 
summarizes the information from the 98 DFS reports submitted by operating power reactor 

2 

3 
Agencywide Documents Access and Management System (ADAMS) Accession No. ML 17075A095 
The 2019 DFS reports reflect the financial status as of December 31, 2018. 
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licensees, 4 and Table 2, "2019 Decommissioning Funding Status Report for Power Reactor 
Licensees in Decommissioning (December 31 , 2018)," summarizes the information from the 
21 DFS reports submitted by power reactor licensees in decommissioning.5 

Results of the NRG Staff's Review-Operating Power Reactor Licensees 

The NRC staff's review of the 2019 DFS reports for operating power reactor licensees resulted 
in the following findings: 

• 

• 

• 

• 

• 

• 

4 

5 

6 
7 

8 

9 

10 

All 98 operating power reactor licensees met the reporting requirements of 10 CFR 
50.75(f) and are currently demonstrating decommissioning funding assurance (DFA). 

As of the December 31, 2018 reporting period cutoff date, three operating power 
reactors with shortfalls were identified in the 2019 DFS review cycle (Beaver Valley 
Power Station, Unit 1 (BVPS, Unit 1 ); Clinton Power Station, Unit 1 (Clinton, Unit 1 ); and 
Perry Nuclear Power Plant, Unit 1 (PNPP)). 

According to its 2019 DFS report, 6 Exelon Generation Company, LLC (EGC), the 
licensee for Clinton, Unit 1, did not demonstrate DFA for this unit, as of December 31, 
2018, due to market performance. However, according to EGC and verified by the NRC 
staff, as of February 28, 2019, DFA is demonstrated for Clinton, Unit 1, due to recovery 
in market performance. 

According to its 2019 DFS report,7 FirstEnergy Nuclear Operating Company (FENOC), 
the licensee for BVPS, Unit 1 and PNPP, did not demonstrate DFA for either of these 
units, as of December 31, 2018. However, according to FE NOC and verified by the 
NRC staff, as of January 31, 2019, DFA is demonstrated for PNPP, due to recovery in 
market performance. For BVPS, Unit 1, in both its 2019 DFS report and in a 
supplemental letter dated August 29, 2019,8 related to a license transfer application for 
the FENOC reactor fleet, FENOC reported a shortfall in DFA. As a condition of its 
approval of the license transfer application on December 2, 2019,9 the NRC required the 
applicants to implement and maintain a provisional trust agreement in the amount 
required to cover the BVPS, Unit 1 shortfall. Accordingly, DFA is demonstrated for 
BVPS, Unit 1. 

The 2017 DFS report review cycle included 100 operating power reactors. Since the last 
summary of staff review and findings for DFS reports, 10 two units have transitioned to a 
decommissioning status and are now included in the review of power reactor licensees 
in decommissioning. 

Amounts accumulated in the decommissioning trust funds for operating power reactors 
totaled approximately $56.5 billion as of December 31, 2018. 

ADAMS Accession No. ML 19346E376 
ADAMS Accession No. ML 19346E377 
ADAMS Accession No. ML 19091A140 
ADAMS Accession No. ML 19074A242 
ADAMS Accession No. ML 19241A461 
ADAMS Accession No. ML 19303C953 
ADAMS Accession No. ML 180968523 
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Results of the NRG Staff's Review-Power Reactor Licensees in Decommissioning 

The NRC staffs review of the 2019 DFS reports for power reactor licensees in decommissioning 
resulted in the following findings: 

• All 21 power reactor licensees in decommissioning met the reporting requirements of 
10 CFR 50.82(a)(8)(vHvi). 

• All 21 power reactor licensees in decommissioning demonstrated decommissioning 
funding assurance by either demonstrating a sufficient funding balance or by providing 
additional financial assurance to cover identified shortfalls. 

• One of the 21 power reactor licensees in decommissioning reported a shortfall. In its 
submittal, 11 EGC, the licensee for Peach Bottom Atomic Power Station, Unit 1 (PBAPS, 
Unit 1 ), identified, and the NRC staff confirmed, a shortfall in funding for PBAPS, Unit 1, 
of about $15 million (in 2018 dollars). EGC provided additional financial assurance to 
cover the estimated cost to complete decommissioning at PBAPS, Unit 1, pursuant to 
10 CFR 50.82(a)(8)(vi) and guidance in RG 1.159. Specifically, EGC indicated that 
collections from "non-bypassable charges"12 from which EGC funds its decommissioning 
trust will be adjusted to cover any funding shortfall that exists. The NRC staff verified 
that the amounts to be collected will be adjusted, as necessary, in accordance with the 
applicable tariff in EGC's next filing to the Pennsylvania Public Utility Commission 
(PaPUC) of the Nuclear Decommissioning Cost Adjustment to cover any funding 
shortfall for PBAPS, Unit 1, at that time. The cost adjustment is made every five years 
pursuant to PaPUC Electric Tariff No. 4. The next effective date of a rate adjustment 
would be January 1, 2023. That scheduled adjustment provides additional assurance 
that funding will be available to complete radiological decommissioning at PBAPS, 
Unit 1. 

• Current balances in the decommissioning trust funds for power reactor licensees in 
decommissioning totaled approximately $8.2 billion as of December 31, 2018. 

CONCLUSION: 

Based on its review of the 2019 DFS reports, the NRC staff finds that all licensees are in 
compliance with the decommissioning funding assurance reporting requirements of 
10 CFR 50.75(f)(1H2) for operating power reactor licensees and 10 CFR 50.82(a)(8)(v)-(vi) for 
power reactor licensees in decommissioning. The staff also finds that all licensees are in 
compliance with the decommissioning funding assurance requirements of 10 CFR 50. 75 and 
1 O CFR 50.82, as applicable, for the 2019 DFS reporting cycle. 

11 
12 

ADAMS Accession No. ML 19091A140 
The regulation at 10 CFR 50.2 states, "Non-bypassable charges mean those charges imposed over an 
established time period by a Government authority that affected persons or entities are required to pay to 
cover costs associated with the decommissioning of a nuclear power plant. Such charges include, but are 
not limited to, wire charges, stranded cost charges, transition charges, exit fees, other similar charges, or the 
securitized proceeds of a revenue stream." 
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 2019 DECOMMISSIONING FUNDING STATUS REPORT
for Operating Power Reactor Licensees (December 31, 2018)

TABLE 1

Plant Name Expected Shutdown 
Date as of 3/31/2019

Approx. No. of Years 
Remaining Before 

Expected Shutdown

Decommissioning Trust 
Fund (DTF) Balance (As 

of 12/31/18)

Projected DTF Balance1 

Before 
Decommissioning 

(2018$)

NRC Minimum2 or Site-
Specific Cost

Estimate (SSCE3) 
(2018$)

Arkansas Nuclear One, Unit 1 05/20/2034 16 $506,719,075 $689,546,000 $472,331,427
Arkansas Nuclear One, Unit 2 07/17/2038 20 $405,329,792 $651,497,475 $491,386,711
Arnold (Duane) Energy Center 10/20/2020 2 $471,829,046 $462,395,253 $741,739,000 (SSCE)
Beaver Valley Power Station, Unit 1 05/31/2021 3 $286,891,783 $301,086,676 $748.559,222 (SSCE)
Beaver Valley Power Station, Unit 2 10/31/2021 3 $383,221,237 $405,545,049 $756,289,281 (SSCE)
Braidwood Station, Unit 1 07/29/2046 28 $344,387,000 $600,798,526 $516,910,976
Braidwood Station, Unit 2 10/17/2047 29 $373,111,000 $664,960,663 $516,910,976
Browns Ferry Nuclear Plant, Unit 1 12/20/2033 15 $382,129,027 $804,356,143 $670,652,094
Browns Ferry Nuclear Plant, Unit 2 06/28/2034 16 $372,441,358 $807,117,683 $670,652,094
Browns Ferry Nuclear Plant, Unit 3 07/02/2036 18 $337,644,437 $811,864,555 $670,652,094
Brunswick Steam Electric Plant, Unit 1 09/08/2036 18 $556,172,662 $792,968,330 $647,338,240
Brunswick Steam Electric Plant, Unit 2 12/27/2034 16 $612,128,747 $841,352,723 $647,338,240
Byron Nuclear Generating Station, Unit 1 09/16/2044 26 $378,722,000 $634,628,010 $516,910,976
Byron Nuclear Generating Station, Unit 2 08/02/2046 28 $364,942,000 $637,533,617 $516,910,976
Callaway Plant, Unit 1 10/18/2044 26 $516,590,664 $2,081,907,143 $943,465,000 (SSCE)
Calvert Cliffs Nuclear Power Plant, Unit 1 07/31/2034 16 $385,697,000 $526,609,517 $479,528,791
Calvert Cliffs Nuclear Power Plant, Unit 2 08/13/2036 18 $498,432,000 $709,461,610 $479,528,791
Catawba Nuclear Station, Unit 1 12/05/2043 25 $434,010,828 $808,514,773 $479,369,171
Catawba Nuclear Station, Unit 2 12/05/2043 25 $443,253,463 $833,206,989 $479,369,171
Clinton Power Station, Unit 1 09/29/2026 8 $543,165,000 $662,922,006 $681,913,929
Columbia Generating Station 12/20/2043 25 $267,400,000 $633,085,084 $560,620,749
Comanche Peak Nuclear Power Plant, Unit 1 02/08/2030 12 $509,817,614 $784,788,250 $407,782,271
Comanche Peak Nuclear Power Plant, Unit 2 02/02/2033 15 $570,766,848 $890,895,328 $407,782,271
Cooper Nuclear Station 01/18/2034 16 $600,371,186 $875,013,391 $635,296,272
Davis-Besse Nuclear Power Station, Unit 1 04/22/2037 19 $562,958,730 $812,054,756 $491,347,203
Diablo Canyon Power Plant, Unit 1 11/02/2024 6 $1,306,300,000 $2,642,507,129 $521,994,236
Diablo Canyon Power Plant, Unit 2 08/26/2025 7 $1,708,500,000 $2,759,198,842 $521,994,236
Donald C. Cook Nuclear Power Plant, Unit 1 10/25/2034 16 $648,808,262 $925,350,280 $512,358,221
Donald C. Cook Nuclear Power Plant, Unit 2 12/23/2037 19 $590,864,127 $904,956,927 $516,910,976
Dresden Nuclear Power Station, Unit 2 12/22/2029 11 $696,581,000 $866,390,450 $659,754,252
Dresden Nuclear Power Station, Unit 3 01/12/2031 13 $712,342,000 $906,892,241 $659,754,252
Farley (Joseph M.) Nuclear Plant, Unit 1 06/25/2037 19 $429,795,326 $693,130,020 $481,147,134
Farley (Joseph M.) Nuclear Plant, Unit 2 03/31/2041 23 $415,793,077 $724,773,434 $481,147,134

1     Includes growth from earnings and contributions.                 ML19346E376
2     Derived from minimum formula at Title 10 of the Code of Federal Regulations (10 CFR) 50.75(c). Incorporates labor, energy, and low-level waste (LLW) burial escalation factors.
3     Six licensees provided SSCEs.

                   Enclosure 1
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 2019 DECOMMISSIONING FUNDING STATUS REPORT
for Operating Power Reactor Licensees (December 31, 2018)

TABLE 1

Plant Name Expected Shutdown 
Date as of 3/31/2019

Approx. No. of Years 
Remaining Before 

Expected Shutdown

Decommissioning Trust 
Fund (DTF) Balance (As 

of 12/31/18)

Projected DTF Balance1 

Before 
Decommissioning 

(2018$)

NRC Minimum2 or Site-
Specific Cost

Estimate (SSCE3) 
(2018$)

Fermi, Unit 2 03/20/2045 27 $1,290,000,000 $2,179,739,540 $1,124,206,329
Fitzpatrick (James A.) Nuclear Power Plant 10/17/2034 16 $837,714,000 $1,149,497,103 $656,818,742
Ginna (Robert E.) Nuclear Power Plant 09/18/2029 11 $453,696,000 $562,419,719 $447,772,783
Grand Gulf Nuclear Station, Unit 1 11/01/2044 26 $945,000,000 $1,619,813,428 $659,706,159
Hatch (Edwin I.) Nuclear Plant, Unit 1 08/06/2034 16 $556,872,142 $761,589,867 $642,017,733
Hatch (Edwin I.) Nuclear Plant, Unit 2 06/13/2038 20 $504,817,125 $752,073,127 $642,017,733
Hope Creek Generating Station, Unit 1 04/11/2046 28 $548,048,000 $946,314,050 $682,827,069 
Indian Point Nuclear Generating, Unit 2 04/30/2020 2 $598,412,232 $665,712,399 $521,744,003
Indian Point Nuclear Generating, Unit 3 04/30/2021 3 $780,593,070 $885,909,858 $521,744,003
LaSalle County Station, Unit 1 04/17/2042 24 $510,017,000 $812,992,812 $681,913,929
LaSalle County Station, Unit 2 12/16/2043 25 $511,373,000 $841,358,445 $681,913,929
Limerick Generating Station, Unit 1 10/26/2044 26 $447,650,000 $970,726,285 $699,162,069
Limerick Generating Station, Unit 2 06/22/2049 31 $476,814,000 $1,189,138,805 $699,162,069
McGuire Nuclear Station, Unit 1 03/03/2041 23 $540,429,542 $843,022,670 $508,151,771
McGuire Nuclear Station, Unit 2 03/03/2043 25 $591,619,169 $960,505,217 $508,151,771
Millstone Power Station, Unit 2 07/31/2035 17 $672,500,000 $936,727,760 $471,737,576
Millstone Power Station, Unit 3 11/25/2045 27 $704,800,000 $1,206,886,636 $501,543,596
Monticello Nuclear Generating Plant, Unit 1 09/08/2030 12 $496,452,338 $867,609,095 $616,429,987
Nine Mile Point Nuclear Station, Unit 1 08/22/2029 11 $622,189,000 $770,007,040 $624,843,730
Nine Mile Point Nuclear Station, Unit 2 10/31/2046 28 $515,615,000 $899,252,314 $699,162,069
North Anna Power Station, Unit 1 04/01/2038 20 $454,380,000 $668,661,969 $488,174,147
North Anna Power Station, Unit 2 08/21/2040 22 $409,760,000 $631,781,904 $488,174,147
Oconee Nuclear Station, Unit 1 02/06/2033 15 $448,983,678 $595,906,645 $445,577,753
Oconee Nuclear Station, Unit 2 10/06/2033 15 $446,338,646 $600,340,911 $445,577,753
Oconee Nuclear Station, Unit 3 07/19/2034 16 $583,969,218 $797,319,523 $445,577,753
Palisades Nuclear Plant 05/31/2022 4 $443,630,000 $474,977,452 $480,360,545
Palo Verde Nuclear Generating Station, Unit 1 06/01/2045 27 $1,051,297,000 $1,785,294,634 $521,994,236
Palo Verde Nuclear Generating Station, Unit 2 04/24/2046 28 $1,099,314,000 $1,898,184,618 $521,994,236
Palo Verde Nuclear Generating Station, Unit 3 11/25/2047 29 $1,104,914,000 $1,969,184,363 $521,994,236
Peach Bottom Atomic Power Station, Unit 2 08/08/2033 15 $588,443,000 $846,583,161 $699,162,069
Peach Bottom Atomic Power Station, Unit 3 07/02/2034 16 $612,126,000 $903,857,122 $699,162,069
Perry Nuclear Power Plant, Unit 1 03/18/2026 8 $517,115,938 $597,734,336 $1,124,013,107 (SSCE)
Pilgrim Nuclear Power Station 05/31/2019 0 $1,027,714,005 $1,038,034,062 $1,187,994,231 (SSCE)

1     Includes growth from earnings and contributions.
2     Derived from minimum formula at Title 10 of the Code of Federal Regulations (10 CFR) 50.75(c). Incorporates labor, energy, and low-level waste (LLW) burial escalation factors.
3     Six licensees provided SSCEs.
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 2019 DECOMMISSIONING FUNDING STATUS REPORT
for Operating Power Reactor Licensees (December 31, 2018)

TABLE 1

Plant Name Expected Shutdown 
Date as of 3/31/2019

Approx. No. of Years 
Remaining Before 

Expected Shutdown

Decommissioning Trust 
Fund (DTF) Balance (As 

of 12/31/18)

Projected DTF Balance1 

Before 
Decommissioning 

(2018$)

NRC Minimum2 or Site-
Specific Cost

Estimate (SSCE3) 
(2018$)

Point Beach Nuclear Plant, Unit 1 10/05/2030 12 $401,729,516 $508,898,548 $447,201,839
Point Beach Nuclear Plant, Unit 2 03/08/2033 15 $378,522,034 $503,224,830 $447,201,839
Prairie Island Nuclear Generating Plant, Unit 1 08/09/2033 15 $492,616,045 $668,571,373 $441,873,225
Prairie Island Nuclear Generating Plant, Unit 2 10/29/2034 16 $461,002,122 $660,974,441 $441,873,225
Quad Cities Station, Unit 1 12/14/2032 14 $692,681,544 $926,844,344 $659,754,252
Quad Cities Station, Unit 2 12/14/2032 14 $747,179,957 $998,816,061 $659,754,252
River Bend Station, Unit 1 08/29/2045 27 $803,300,000 $1,589,990,378 $654,849,543
Robinson (H.B.) Steam Electric Plant, Unit 2 07/31/2030 12 $625,691,157 $788,656,382 $436,377,517
Salem Nuclear Generating Station, Unit 1 08/13/2036 18 $630,405,000 $966,669,058 $501,543,596
Salem Nuclear Generating Station, Unit 2 04/18/2040 22 $542,719,000 $907,501,292 $501,543,596
Seabrook Station, Unit 1 03/15/2050 32 $688,077,235 $1,282,885,897 $530,326,196
Sequoyah Nuclear Plant, Unit 1 09/17/2040 22 $211,311,189 $625,513,258 $508,151,771
Sequoyah Nuclear Plant, Unit 2 09/15/2041 23 $201,304,966 $626,380,349 $508,151,771
Shearon Harris Nuclear Power Plant, Unit 1 10/24/2046 28 $545,067,139 $950,617,972 $488,514,851
South Texas Project, Unit 1 08/20/2047 29 $459,285,587 $961,961,454 $407,782,271
South Texas Project, Unit 2 12/15/2048 30 $559,456,215 $1,171,141,534 $407,782,271
St. Lucie Plant, Unit 1 03/01/2036 18 $1,016,752,531 $1,435,232,094 $491,581,184
St. Lucie Plant, Unit 2 04/06/2043 25 $985,042,926 $1,601,901,726 $491,581,184
Summer (Virgil C.) Nuclear Station, Unit 1 08/06/2042 24 $299,517,198 $548,876,499 $458,916,086
Surry Power Station, Unit 1 05/25/2032 14 $456,600,000 $596,007,008 $473,140,598
Surry Power Station, Unit 2 01/29/2033 15 $457,800,000 $606,596,977 $473,140,598
Susquehanna Steam Electric Station, Unit 1 07/17/2042 24 $600,939,723 $962,725,845 $699,162,069
Susquehanna Steam Electric Station, Unit 2 03/23/2044 26 $661,493,829 $1,095,625,036 $699,162,069
Three Mile Island Nuclear Station, Unit 1 04/19/2019 0 $669,617,000 $909,702,208 $492,942,745
Turkey Point Nuclear Generating, Unit 3 07/19/2032 14 $839,232,304 $1,100,949,292 $475,568,111
Turkey Point Nuclear Generating, Unit 4 04/10/2033 15 $948,100,859 $1,262,550,210 $475,568,111
Vogtle Electric Generating Plant, Unit 1 01/16/2047 29 $351,543,613 $647,862,895 $508,151,771
Vogtle Electric Generating Plant, Unit 2 02/09/2049 31 $350,188,491 $672,787,932 $508,151,771
Waterford Steam Electric Station, Unit 3 12/18/2044 26 $481,644,236 $956,909,328 $508,151,771
Watts Bar Nuclear Plant, Unit 1 11/09/2035 17 $267,806,997 $622,872,985 $508,151,771
Watts Bar Nuclear Plant, Unit 2 10/21/2055 37 $101,186,523 $635,750,418 $508,151,771
Wolf Creek Generating Station, Unit 1 03/11/2045 27 $497,066,000 $1,173,254,740 $516,910,976

1     Includes growth from earnings and contributions.
2     Derived from minimum formula at Title 10 of the Code of Federal Regulations (10 CFR) 50.75(c). Incorporates labor, energy, and low-level waste (LLW) burial escalation factors.
3     Six licensees provided SSCEs.
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Plant Name
Estimated Year of 

Completion of 
Radiological 

Decommissioning

Estimated Number 
of Years 

Remaining Until 
Part 50 License 

Termination

Decommissioning 
Trust Fund (DTF) 

Balance (As of 
12/31/18) 1

Estimated Remaining 
Cost to Complete 

Radiological 
Decommissioning 

(2018$)

Crystal River Nuclear Generating Plant, Unit 3 2073 55 $666,240,035 $746,689,950
Dresden Nuclear Power Station, Unit 1 2036 18 $342,623,000 $442,845,000
Fermi, Unit 1 2032 14 $22,800,000 $22,500,000
Fort Calhoun Nuclear Power Plant 2030 12 $975,633,000 $881,641,181
Humboldt Bay Power Plant, Unit 3 2019 1 $211,900,000 $24,200,000
Indian Point Nuclear Generating, Unit 1 2073 55 $471,200,000 $583,420,000
Kewaunee Power Station 2073 55 $574,411,000 $550,383,000
La Crosse Boiling-Water Reactor 2019 1 $21,700,000 $1,600,000
Millstone Power Station, Unit 1 2058 40 $504,610,000 $301,206,000
Nuclear Ship Savannah 2031 13 $108,000,000 $124,900,000
Oyster Creek Nuclear Generating Station 2035 17 $848,000,000 $618,000,000
Peach Bottom Atomic Power Station, Unit 1 2034 16 $117,728,000 $263,409,000
San Onofre Nuclear Generating Station, Unit 1 2030 12 $438,700,000 $77,300,000
San Onofre Nuclear Generating Station, Unit 2 2032 14 $1,497,800,000 $699,300,000
San Onofre Nuclear Generating Station, Unit 3 2032 14 $1,736,200,000 $688,800,000
Three Mile Island Nuclear Station, Unit 2 2053 35 $843,000,000 $1,320,506,000
Vallecitos Boiling-Water Reactor 2025 7 $11,992,513 $11,992,513
Vallecitos Experimental Superheat Reactor 2025 7 $15,646,541 $15,646,541
Vermont Yankee Nuclear Power Station 2073 55 $517,890,000 $498,450,000
Zion Nuclear Power Station, Unit 1 2020 2
Zion Nuclear Power Station, Unit 2 2020 2

             ML19346E377

              

               
              Enclosure 2

                                           2019 DECOMMISSIONING FUNDING STATUS REPORT                           TABLE 2         
for Power Reactor Licensees in Decommissioning (December 31, 2018)

Both Units Combined: 
$53,200,000

Both Units Combined: 
$24,000,000

1     Dollar amounts reflected in the DTF Balance column may also include funding from other financial assurance methods, such as 
surety bonds and parent company guarantees, pursant to 10 CFR 50.75 (e)(1)(iii).
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San Onofre Nuclear Generating Station, Unit 2 2032 14 $1,497,800,000 $699,300,000

San Onofre Nuclear Generating Station, Unit 3 2032 14 $1,736,200,000 $688,800,000





 

ISG-2, Rev. 2  Enclosure 1 

Division of Spent Fuel Management 
Interim Staff Guidance – 2, Revision 2 

 
 
Issue:   Fuel Retrievability in Spent Fuel Storage Applications 
 
Introduction: 
 
This Interim Staff Guidance (ISG) provides guidance to the staff for determining whether 
an application submitted under Title 10 of the Code of Federal Regulations (10 CFR) 
Part 72 (Ref. 1), “Licensing Requirements for the Independent Storage of Spent Nuclear 
Fuel, High-Level Radioactive Waste, and Reactor-Related Greater than Class C Waste” 
sufficiently demonstrates that the system is designed to allow ready retrieval of spent 
fuel.  U.S. Nuclear Regulatory Commission (NRC) inspectors use the ISG and 
Inspection Procedures IP-60854 and IP-60855 (Ref. 2 and Ref. 3) during inspections to 
verify that licensees comply with 10 CFR 72.122(l).  This ISG does not apply to 
submitted applications seeking approval under 10 CFR Part 71, “Packaging and 
Transportation of Radioactive Material” (Ref. 4).  This guidance is not a regulation or a 
requirement as it addresses options to meet the regulation.  Additionally, applicants may 
propose alternate methods to comply with the regulation which would be evaluated on a 
case-by-case basis.  A background section is included in Appendix A. 
 
Regulatory Basis 
 
The regulations for safe storage of spent nuclear fuel for licensees are in 10 CFR Part 
72.  Retrievability is specifically mentioned in 10 CFR 72.122(l), which states that 
“storage systems must be designed to allow ready retrieval of spent fuel, high-level 
radioactive waste, and reactor-related greater than class C waste for further processing 
or disposal.”  The NRC interprets this regulation to require that a storage system be 
designed to allow for ready retrieval in the initial design, amendments to the design, and 
in license renewal, through the aging management of the design.  Retrievability is 
applicable only during normal and off-normal conditions; it does not apply to accident 
conditions (Ref. 5).  The retrievability requirement applies to all general licensed and 
specific licensed independent spent fuel storage installations (ISFSIs), including wet 
storage ISFSIs, however most of current licensed ISFSIs use only dry storage.  10 CFR 
72.236(m) states that certificate of compliance (CoC) holders should design for 
retrievability; “[t]o the extent practicable in the design of spent fuel storage casks, 
consideration should be given to compatibility with removal of the stored spent fuel from 
a reactor site, transportation, and ultimate disposition by the Department of Energy.”    
 
Applicability: 
 
The staff will apply ISG-2, Rev. 2 in reviewing ISFSI applications conducted in 
accordance with NUREG-1536, "Standard Review Plan for Dry Cask Storage Systems" 
(Ref. 6), NUREG-1567, "Standard Review Plan for Spent Fuel Dry Storage Facilities" 
(Ref. 7), or NUREG-1927, “Standard Review Plan for Renewal of Specific Licenses and 
Certificates of Compliance for Dry Storage of Spent Nuclear Fuel” (Ref. 8 and 9). 
  
This revision of ISG-2 redefines retrievability and supersedes the definition of 
retrievability in NUREG-1536, NUREG-1567, and NUREG-1927 and applicable storage 

SCE-SER 000801

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-3, Page 224 of 287
(815 of 2110)



 

ISG-2, Rev. 2 2

ISGs.  The previous revision of ISG-2, Rev. 1 (Ref. 10) is superseded in its entirety by 
ISG-2, Rev. 2. 
 
Technical Review Guidance 
 
ISG-2, Rev. 2 defines ready retrieval as “the ability to safely remove the spent fuel from 
storage for further processing or disposal.”  In order to demonstrate the ability for ready 
retrieval, a licensee should demonstrate it has the ability to perform any of the three 
options below.  These options may be utilized individually or in any combination or 
sequence, as appropriate.   

A. remove individual or canned spent fuel assemblies from wet or dry storage,  
B. remove a canister loaded with spent fuel assemblies from a storage 

cask/overpack,  
C. remove a cask loaded with spent fuel assemblies from the storage location. 

 
The NRC’s licensing reviews and inspection oversight of the design, fabrication, 
construction, and operation of an ISFSI, assures the requirements of 10 CFR Part 72, 
including retrievability, are maintained during the initial storage period.  When spent fuel 
is stored beyond the initial NRC-approved period of operation, 10 CFR 72.42 requires a 
licensee renew its storage license.  Applications for renewal must contain revised 
technical requirements and operating conditions (fuel storage, surveillance and 
maintenance, and other applicable 10 CFR Part 72 requirements) that address aging 
mechanisms and aging effects that could affect structures, systems, and components 
(SSCs) relied upon for the safe storage of spent fuel.  The renewal application must 
include (1) time-limited aging analyses (TLAAs), if applicable, that demonstrate that 
SSCs important to safety will continue to perform their intended function for the 
requested period of extended operation, and (2) aging management programs (AMPs) 
for management of issues associated with aging that could adversely affect SSCs 
important to safety. 
 
In verifying that all applicants for an initial ISFSI license or an ISFSI license amendment 
meet the retrievability requirement of 10 CFR 72.122(l), the reviewer must find there is 
reasonable assurance the storage system design allows for ready retrieval by the use of 
option A, B, or C or a combination of the options.  A dry storage system may 
demonstrate retrievability by the use of known and controlled fuel selection, limits on the 
loading temperature, known atmospheric environment, and transfer cask or canister 
temperature control (Ref. 11 and 12).  The reviewer should also verify that applications 
for all storage systems identify the SSCs important to safety and the SSC 
subcomponents that are relied upon for ready retrieval.  The reviewer should further 
verify that the Technical Specifications (TSs) included in the application provide for the 
maintenance of SSCs relied upon for ready retrieval.  The revised definition of 
retrievability does not obviate the need for appropriate control of parameters during 
loading, vacuum drying, and transfer to the storage location (e.g., dry storage pad). 
 
When an applicant for an initial ISFSI license or an applicant for an amendment to an 
ISFSI license relies on Option A to demonstrate ready retrieval, the reviewer should 
confirm that the applicant demonstrated the fuel assemblies will not exhibit gross 
degradation, and will be removable.  Additional review will be needed in the case where 
there is an assembly with gross degradation or an assembly contains rods with breaches 
greater than a pinhole leak or a hairline crack (i.e., gross ruptures that could lead to 
release of fuel particulates per ISG-1, Rev. 2 [Ref. 12]).  The reviewer should confirm 
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that the applicant demonstrates the fuel assembly can be placed inside a secondary 
container, as described in ISG-1 as a “can for damaged fuel.”  The secondary container 
must confine the fuel particulate to a known volume and be capable of removal.   
 
If an applicant for an initial dry storage ISFSI license or an applicant for an ISFSI license 
amendment relies upon Option A to demonstrate ready retrieval, it is likely the storage 
cask/canister will, at some point, need to be moved from the storage location to a 
location where the spent fuel assemblies can be removed from the cask/canister.  When 
the reviewer anticipates that the cask/canister will have to be moved, the reviewer 
should confirm the applicant relying upon Option A to demonstrate ready retrieval, also 
demonstrates ready retrieval under Option B or Option C.  This is consistent with the 
previous guidance on fuel retrievability. 
 
When an applicant for an initial ISFSI license or for an ISFSI license amendment 
demonstrates ready retrieval with Option B or Option C, the continued ready retrieval of 
the storage system should be addressed in its TS.  However, in addition to the TS, an 
applicant may also propose to implement a program to identify, monitor, and mitigate 
possible degradation that could impact the intended function of the dry storage system’s 
SSCs and subcomponents of the dry storage system, that are relied upon to comply with 
the retrievability requirements.  
 
The NRC reviewer of an application for renewal of an ISFSI license should verify the 10 
CFR 72.122(l) retrievability requirement is met, by ensuring that the approved design 
bases for the item being relied upon in the option(s) chosen (e.g., fuel assembly, cask, 
or canister) to demonstrate ready retrieval, including any programs implemented, has 
not been altered.  Additionally, the reviewer should verify that the AMPs and TLAAs 
provide reasonable assurance that the approved design bases will be maintained during 
the period of extended operation.  This will include reviewing operating experience, 
including inspections and analyses performed during the initial storage period for 
ensuring SSCs relied upon for ready retrieval were maintained.  The reviewer should 
refer to Draft NUREG-1927, Rev. 1 (Ref. 8) for additional guidance.  
 
CoC holders and applicants for a CoC are not required by regulation to demonstrate 
retrievability under 10 CFR 72.122(l); however, 10 CFR 72.236(m), which applies to CoC 
holders, states that retrievability should be considered to the extent practicable in the 
design to consider removal of the spent fuel from storage, transportation, and ultimate 
disposition.  When a CoC applicant for an initial certificate, amendment, or revision 
chooses to incorporate retrievability aspects, the reviewer should confirm the 
retrievability aspects are technically justified and verify that Part 72 requirements 
affected by retrievability are evaluated and met.  This may include the NRC reviewer 
confirming that the design for the dry storage system includes an evaluation for potential 
degradation mechanisms for both the storage cask/canister and the spent fuel to assure 
that the design of the system has considered removal of the spent fuel from storage 
during the storage term.  Note that the general licensee must comply with the 
retrievability requirement in 10 CFR 72.122(l), and should demonstrate that 
canister/casks meet the amendment loading requirements. 
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Recommendation: 
 
This ISG recommends the following definition to be used by staff when evaluating Part 
72 applications: 
 

Ready retrieval: The ability to safely remove the spent fuel from storage for 
further processing or disposal.   
 
Acceptable means for removing the spent fuel from storage include the ability to 
perform any of the three options below.  These options may be utilized 
individually or in any combination or sequence, as appropriate.  : 

A. remove individual or canned spent fuel assemblies from wet or dry 
storage,  

B. remove a canister loaded with spent fuel assemblies from a storage 
cask/overpack,  

C. remove a cask loaded with spent fuel assemblies from the storage 
location. 

 
The staff recommends the definitions for ready retrieval be incorporated into NUREG-
1536, NUREG-1567, and NUREG-1927.  These definitions do not necessitate any 
actions for currently approved storage systems. 
 
 
 
Approved:           /RA/                    4/26/16 

Mark Lombard, Director   Date 
Division of Spent Fuel Management 
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 Appendix A 
 
This Appendix is provided to give insight on the history and evolution of the regulatory 
requirement of fuel retrievability. 
 
Section 141(b)(1)(C) of the Nuclear Waste Policy Act (NWPA) of 1982, as amended 
(Ref. 13), requires that each monitored retrievable storage (MRS) facility be designed 
“…to provide for the ready retrieval of such spent fuel and waste for further processing 
or disposal.”  The Nuclear Regulatory Commission (NRC) codified this portion of the 
NWPA in its 1988 final rulemaking “Licensing Requirements for the Independent Spent 
Fuel Storage of Spent Nuclear Fuel and High-Level Radioactive Waste” (Ref. 14), which 
added MRSs to the scope of Title 10 of the Code of Federal Regulations (10 CFR) Part 
72 and required retrievability for all independent spent fuel storage installations (ISFSIs), 
10 CFR 72.122(l). 
 
For general and specific licensees, the regulation regarding retrievability is 10 CFR 
72.122(l), which requires that “storage systems must be designed to allow ready retrieval 
of spent fuel, high-level radioactive waste, and reactor-related greater than class C 
waste for further processing or disposal.”  It is supported by 10 CFR 72.122 (h)(1), which 
requires that, for confinement barriers and systems, “The spent fuel cladding must be 
protected during storage against degradation that leads to gross ruptures or the fuel 
must be otherwise confined such that degradation of the fuel during storage will not pose 
operational safety problems with respect to its removal from storage.  This may be 
accomplished by canning of consolidated fuel rods or unconsolidated assemblies or 
other means as appropriate.”  10 CFR 72.236(m) directs that certificate of compliance 
(CoC) holders and applicants consider retrievably in cask design.  The regulation states 
that, “[t]o the extent practicable in the design of spent fuel storage casks, consideration 
should be given to compatibility with removal of the stored spent fuel from a reactor site, 
transportation, and ultimate disposition by the Department of Energy.”  
 
Additionally, the NRC has previously recognized that “in the interest of decreasing 
radiation exposures, storage casks should be designed to be compatible with 
transportation and Department of Energy [DOE] design criteria to the extent 
practicable… to the extent that cask designers can avoid return of the spent fuel from 
dry cask storage to reactor basins for transfer to a transport cask before moving it off site 
for disposal” (Ref. 15).   
 
The NRC staff’s previous position on retrievability, as stated in interim staff guidance 
(ISG) - 2, Rev. 1 (Ref. 10), defined ready retrieval as “the ability to move a canister 
containing spent fuel to either a transportation package or to a location where the spent 
fuel can be removed.  Ready retrieval also means maintaining the ability to handle 
individual or canned spent fuel assemblies by the use of normal means.”  
 
The guidance for retrievability in ISG-2, Rev. 1 was developed when an operating 
repository was expected to be operating in the near future.  As of 2015, the duration of 
the storage of spent fuel storage at an ISFSI or MRS remains uncertain.  Therefore, the 
staff re-assessed the regulatory necessity and practical impact of maintaining and 
confirming the ability to handle an individual fuel assembly from the canister or cask by 
normal means as part of the guidance on retrievability.   
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The NRC’s licensing reviews and inspection oversight of the design, fabrication, 
construction, and operation of an ISFSI, assures that the safety and retrievability 
requirements of 10 CFR Part 72 are maintained during the initial storage period.  When 
spent fuel storage will continue beyond the initial NRC-approved period of operation, the 
NRC’s storage regulations that 10 CFR 72.240 require that renewal applications contain 
revised technical requirements and operating conditions (fuel storage, surveillance and 
maintenance, and other Part 72 requirements) that address aging mechanisms and 
aging effects that could affect structures, systems, and components (SSCs) relied upon 
for the safe storage of spent fuel.  The renewal application must include (1) time-limited 
aging analyses (TLAAs), if applicable, that demonstrate that SSCs important to safety 
will continue to perform their intended function for the requested period of extended 
operation, and (2) aging management programs (AMPs) for management of issues 
associated with aging that could adversely affect SSCs important to safety. 
 
Under the guidance of ISG-2, Rev. 1, if a licensee’s ability to demonstrate ready retrieval 
relies on the handling of each individual fuel assembly from a canister or cask by normal 
means, then periodic monitoring or inspections may be required to verify the condition of 
the fuel and the internal components of the storage system.  Because of the difficulties in 
accessing the spent fuel and the interior components of some storage systems, opening 
the storage system may be necessary to conduct inspection, monitoring, and 
remediation.  Opening a storage system is labor intensive, but more importantly, it 
exposes workers to additional dose, and particularly for welded canisters, may require 
breaching and reestablishing the confinement boundary with no additional safety benefit.  
Additionally, it is not current practice to open the storage system to verify fuel condition. 
 
Consistent with the staff’s ongoing review of the regulatory framework for spent fuel 
storage and transportation (see COMSECY-10-0007, Ref. 16), the staff began exploring 
alternatives to the guidance on the application of ready retrieval.  The staff’s review has 
centered on redefining the ability of the fuel assemblies to be removed from a canister or 
cask by normal means, but maintaining the ability of the canister or cask to be removed 
from the storage location.  By redefining guidance on the ability to remove the individual 
spent fuel assemblies or canned assemblies by normal means and providing 
alternatives, the spent fuel would still be retrieved safely and be readied for 
transportation consistent with the law and regulations.  In addition this approach assures 
that the confinement of spent fuel in dry storage is maintained without the potential 
negative impacts that could may accompany opening the storage system.  
 
In an effort to engage stakeholders in this discussion and solicit stakeholder views, the 
staff held two public meetings on July 27, 2011 and August 16, 2012 (Ref. 17 and 18).  
Additionally, in January 2013, NRC issued a Federal Register notice (Ref. 19) requesting 
public comment on several topics, including retrievability.  The NRC received 18 sets of 
comments on the Federal Register notice (Ref. 20).  Staff work in this area was delayed 
until recently due to work on the storage renewal regulatory framework and high burnup 
fuel related activities.  For this reason, the staff held an additional public meeting on July 
29, 2015, to provide an update on the staff’s work on retrievability (Ref. 21).  
 
In addition to conducting the public dialogue, the staff considered the methods used in 
other countries for the dry storage of spent nuclear fuel and reviewed international 
guidance for spent fuel storage.  The staff participated in several multilateral working 
groups related to extended spent fuel storage.  The staff reviewed the International 
Atomic Energy Agency’s (IAEA) Specific Safety Guide No. SSG-15, “Storage of Spent 
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Nuclear Fuel” (Ref. 22).  This IAEA guide is consistent with the NRC’s current position 
that spent fuel should be retrievable under normal and off-normal design conditions.  
The revision of ISG-2, Rev. 2 does not change this view.  The IAEA’s guidance states 
retrievability is also applicable during accident conditions, which differs from the NRC’s 
position (Ref. 5). 
 
This updated guidance, ISG-2, Rev. 2, presents a practical approach for implementation 
of fuel retrievability that will continue to protect public health and safety while reducing 
the negative impacts associated with the approach established in ISG-2, Rev.1.  
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PRELIMINARY SAFETY EVALUATION REPORT 
Docket No. 72-1040 

HI-STORM UMAX Canister Storage System 
Holtec International, Inc. 

Certificate of Compliance No. 1040 
 
 

1  SUMMARY 
 
By letter dated June 29, 2012, as supplemented July 16, November 20, 2012, and January 30, 
April 2, April 19, June 21, August 28, December 6, December 31, 2013, and January 13, and 
28, 2014, Holtec International (Holtec) submitted an application to the U.S. Nuclear Regulatory 
Commission (NRC) for the HI-STORM UMAX Canister Storage System, Certificate of 
Compliance (CoC) No. 1040.  The proposed application intends to provide an underground 
storage option compatible with the Holtec HI-STORM Flood/Wind (FW) Multipurpose Canister 
(MPC) System, CoC No. 1032.   
 
This safety evaluation report (SER) documents the review and evaluation of the proposed 
application.  The SER uses the same section-level format provided in NUREG-1536, Revision 1, 
“Standard Review Plan for Dry Cask Storage Systems,” with some differences implemented for 
clarity and consistency.   The NRC staff (staff) followed the guidance of NUREG-1536, Revision 
1, Interim Staff Guidance (ISG) -11, “Cladding Considerations for the Transportation and 
Storage of Spent Fuel” and ISG-21, “Use of Computational Modeling Software” in performing its 
regulatory evaluation.  Unless specifically identified, staff findings and conclusions have been 
made using these guidance documents as the bases of determination.  
           
The staff’s assessment is to determine that CoC No. 1040, meets the applicable requirements 
of 10 CFR Part 72 for independent storage of spent fuel and of 10 CFR Part 20 for radiation 
protection.   
 

1.1 General Information Evaluation 
 
The objective of the review of the general information evaluation  of the HI-STORM UMAX 
Canister Storage System is to ensure that Holtec has provided a description that is adequate to 
familiarize reviewers and other interested parties with the pertinent features of the system. 
 

1.2 HI-STORM UMAX CANISTER STORAGE SYSTEM GENERAL DESCRIPTION AND 
OPERATIONAL FEATURES  

 
In Section 1.2 of the FSAR, the applicant provides the general description and operational 
features of the this system.  According to the applicant, the HI-STORM (acronym for Holtec 
International Storage Module) UMAX Canister Storage System is a spent nuclear fuel storage 
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system designed to be in full compliance with the requirements of 10 CFR Part 72.  The model 
designation "UMAX" denotes underground – maximum capacity.  The proposed application 
intends to provide an underground storage option compatible with the Holtec HI-STORM 
Flood/Wind (FW) System as described in the HI-STORM FW Final Safety Analysis Report 
(FSAR).  The underground structure system is described in the HI-STORM UMAX Canister 
Storage System FSAR.  Unless designated otherwise in this SER the term “FSAR” denotes the 
HI-STORM UMAX Canister Storage System FSAR. 
 
The HI-STORM UMAX Canister Storage System stores a hermetically sealed canister 
containing spent nuclear fuel (SNF) in an in-ground vertical ventilated module (VVM).  The  
HI-STORM UMAX Canister Storage System is designed to provide long-term underground 
storage of loaded multi-purpose canisters (MPC) previously certified for storage in CoC No. 
1032.  The HI-STORM UMAX VVM is the underground equivalent of the HI-STORM FW storage 
module.  Although the storage cavity dimensions and the air ventilation system in the  
HI-STORM UMAX VVM have been selected to enable it to also store all MPCs certified for 
storage in the HI-STORM 100 storage module, the proposed CoC No. 1040 does not seek to 
support the certification of all MPCs certified for storage in the HI-STORM 100 storage module 
at this time.  The applicant explains that safety analyses and evaluations of the HI-STORM 100 
MPCs under storage in HI-STORM UMAX are nevertheless included in HI-STORM UMAX 
FSAR, as appropriate, to provide a comparative reference for the licensing-basis analyses of 
the HI-STORM FW canisters (MPC-37 & MPC-89).   
 
The applicant states that the HI-STORM UMAX Canister Storage System can store either PWR 
or BWR fuel assemblies, in the MPC-37 or MPC-89, respectively.  The number associated with 
the MPC is  the maximum number of fuel assemblies the MPC can contain in the fuel basket.  
The  external diameters of the MPC-37 and MPC-89 are identical to allow the use of a single 
storage module design, however the height of the MPC, as well as the storage module and 
transfer cask, are variable based on the SNF to be loaded.  
 
According to the applicant, the HI-STORM UMAX Canister Storage System is autonomous in-
as-much as it provides SNF and radioactive material confinement, radiation shielding, criticality 
control and passive heat removal independent of any other facility, structures, or components at 
the site.  The surveillance and maintenance operations   of the HI-STORM UMAX Canister 
Storage System are minimized since the system is completely passive and is composed of 
proven materials.  The HI-STORM UMAX Canister Storage System can be used either singly or 
as an array at an independent spent fuel storage installation (ISFSI).  The site for an ISFSI can 
be located either at a nuclear reactor facility or an away-from-reactor location. 
 

1.3 Staff Evaluation Findings 
 
F1.1  The general description and discussion of the HI-STORM UMAX Canister Storage 

System is acceptably presented in Section 1.2 of the FSAR.  Special attention to design 
and operating characteristics, unusual or novel design features, and principal 
considerations important to safety (ITS) have been acceptably provided. 

 
F1.2  Drawings for SSCs ITS are presented in Section 1.5 of the FSARs in sufficient detail for 

the staff to provide sound regulatory findings.  A listing of those drawings (including 
dates and revision numbers) that were relied upon as a basis for approval appears in 
Section 1.5 of the FSARs.   
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F1.3  Specifications for the SNF to be stored in the HI-STORM UMAX Canister Storage 
System are acceptably provided in the FSAR Section 2.1.   
 

F1.4  The quality assurance program and implementing procedures are acceptably described 
in Section 1.3 of the FSAR. 
 

F1.5  The HI-STORM UMAX Canister Storage System is not being certified under 10 CFR 
Part 71 for use in transportation.  
 

The staff concludes that the information presented in Chapter 1, “General Information” of the 
SAR satisfies the requirements for the general description under 10 CFR Part 72.  This finding 
is reached on the basis of a review that considered NUREG 1536, Rev. 1.  
 
2 PRINCIPAL DESIGN CRITERIA EVALUATION 

  
The objective of evaluating the principal design criteria related to SSCs that are ITS is to ensure 
that they comply with the relevant general criteria established in 10 CFR Part 72.  The staff 
specifically reviewed principal design criteria to determine with reasonable assurance that all 
design criteria are addressed in the FSAR.  The following areas of review were specifically 
reviewed by the staff: 
 

• Structures, Systems, and Components Important to Safety 
• Design Basis for Structures, Systems, and Components Important to Safety 
• Spent Nuclear Fuel (SNF) Specifications 
• External Conditions 
• Design Criteria for Safety Protection Systems 
• Structural 
• Thermal 
• Shielding/Confinement/Radiation Protection 
• Criticality 
• Material Selection 
• Operating Procedures 
• Acceptance Tests and Maintenance 
• Decommissioning 

   
2.1 Structures, Systems and Components Important to Safety 

  
HI-STORM UMAX Canister Storage System SSCs that are ITS are acceptably identified in 
Chapter 2 of the HI-STORM UMAX Canister Storage System and the HI-STORM FW System 
FSARs.   SER section 3.2.1 provides a description of the major components described in the 
FSARS and the correlation between the FSARS.   The safety classifications are based on the 
guidance in U.S. Nuclear Regulatory Commission, “Classification of Transportation Packaging 
and Dry Spent Fuel Storage System Components According to Importance to Safety,” 
NUREG/CR-6407, INEL-95/0551, February 1996, and per NUREG 1536, Rev. 1, and are 
therefore acceptable.   

 
2.2 Design Basis for Structures, Systems and Components Important to Safety 
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The HI-STORM UMAX Canister Storage System design criteria summary acceptably includes 
the allowed range of spent fuel configurations and characteristics, the enveloping conditions of 
use, and the bounding site characteristics. 
 
2.2.1 Spent Fuel Specifications 
 
According to the FSAR, the HI-STORM UMAX Canister Storage System is designed to store up 
to either 37 PWR fuel assemblies or up to 89 BWR fuel assemblies.  Detailed specifications for 
the approved fuel assemblies are provided in the HI-STORM FW FSAR Section 2.1.  These 
include the maximum enrichment, maximum decay heat, maximum fuel assembly average 
burnup, minimum cooling time, maximum initial enrichment, and detailed physical fuel assembly 
parameters.  The limiting fuel specifications are based on the fuel parameters considered in the 
structural, thermal, shielding, criticality and confinement analyses. 
 
2.2.2 External Conditions 
 
The HI-STORM UMAX Canister Storage System FSAR Section 2.2 identifies the bounding site 
environmental conditions and natural phenomena for which the HI-STORM UMAX Canister 
Storage System is analyzed. 
 

2.3 Design Criteria for Safety Protection Systems 
 

The principal design criteria for the HI-STORM UMAX Canister Storage System are acceptably 
identified in the HI-STORM UMAX Canister Storage System and HI-STORM FW System 
FSARs, Chapter 2.   
 

2.4 Staff Evaluation Findings 
 
F2.1  The FSAR and docketed materials adequately identify and characterize the SNF to be 

stored in the DSS in conformance with the requirements given in 10 CFR 72.236. 
 
F2.2  The FSAR and the docketed materials relating to the design bases and criteria meet the 

general requirements as given in 10 CFR 72.122(a), (b), (c), (f), (h)(1), (h)(4), (i), and (l). 
 
F2.3  The FSAR and docketed materials relating to the design bases and criteria for structures 

categorized as important to safety meet the requirements given in 10 CFR 72.122(a),  
(b)(1), (b)(2) and (b)(3), (c), (f), (h)(1), (h)(4), and (i); and 10 CFR 72.236. 

 
F2.4  The FSAR and docketed materials meet the regulatory requirements for design bases 

and criteria for thermal consideration as given in 10 CFR 72.122 (a), (b)(1), (b)(2) and 
(b)(3), (c), (f), (h)(1), (h)(4), and (i). 

 
F2.5  The FSAR and docketed materials relating to the design bases and criteria for shielding, 

confinement, radiation protection, and ALARA considerations meet the regulatory 
requirements as given in 10 CFR 72.104(a) and (b); 10 CFR 72.106(b); 10 CFR 
72.122(a), (b), (c), (f), (h)(1), (h)(4), and (i); 10 CFR 72.126(a). 

 
F2.6  The FSAR and docketed materials relating to the design bases and criteria for criticality 

safety meet the regulatory requirements as given in 10 CFR 72.124(a) and (b). 
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F2.7  The FSAR and docketed materials relating to the design bases and criteria for 
retrievability meet the regulatory requirements as given in 10 CFR 72.122(a), (b)(1), 
(b)(2), and (b)(3), (c), (f), (h)(1), (h)(4), and (l). 

 
F2.8   The FSAR and docketed materials relating to the design bases and criteria for other 

SSCs not important to safety but subject to NRC approval meet the general regulatory 
requirements as given in the following subparts of 10 CFR Part 72: Subpart E, “Siting 
Evaluation Factors” 72.104 and 72.106; Subpart F, “General Design Criteria” 72.122, 
72.124, and 72.126; and Subpart L, “Approval of Spent Fuel Storage Casks.” 

  
The staff finds that the principal design criteria for the HI-STORM UMAX Canister Storage 
System are acceptable with regard to demonstrating compliance with the regulatory 
requirements of 10 CFR Part 72.  This finding is based on a review that considered the 
regulation itself, NUREG 1536, Rev. 1, applicable codes and standards, and accepted 
engineering practices.  More detailed evaluations of design criteria and assessments of 
compliance with those criteria are presented in SER Sections 3, 4,5,6,7, and 8. 

 
3 STRUCTURAL EVALUATION 
 

3.1 Overview 
 
In this portion of the dry storage system (DSS) review, the NRC evaluates aspects of the DSS 
design and analysis related to structural performance under normal and off-normal operations, 
accident conditions, and natural phenomena events.  In conducting this evaluation, the NRC 
staff seeks a high degree of assurance that the cask system will maintain confinement, 
subcriticality, radiation shielding, and retrievability or recovery of the fuel, as applicable, under 
all credible loads for normal and off-normal conditions accidents, and natural phenomenon 
events. 
 
The objective of the structural review is to assess the safety analysis of the structural design 
features, the structural design criteria, and the structural analysis and evaluation criteria used to 
confirm the structural performance of the HI-STORM UMAX Canister Storage System under 
normal operations, off-normal operations, accident conditions and natural phenomena events 
for those ITS SSCs. 
 
The review was conducted utilizing applicable regulations in 10 CFR 72.124 (a), 72.234 (a) and 
(b), 72.236 (b), (c), (d), (g), (h), and (l) that identify the specific requirements for spent fuel 
storage cask approval and fabrication.   
 

3.2 Structural Design 
 
3.2.1 Overview 

 
As described in FSAR section 1.2, the HI-STORM UMAX Canister Storage System has 
three major components: MPC-37 and MPC-89, the HI-TRAC VW transfer cask, and the 
HI-STORM UMAX VVM. The MPCs and the HI-TRAC components used in the HI-
STORM UMAX Canister Storage System are identical to those reviewed and approved 
in the HI-STORM FW System, CoC No. 72-1032.  No other approvals were sought for 
MPC variants for this licensing action.  
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The structural sub-components of the HI-STORM UMAX VVM include the following 
items: the steel and concrete closure lid, the steel cavity enclosure container (CEC) 
shell, the independent spent fuel storage installation (ISFSI) pad, the support foundation 
pad (SFP), the subgrade, the under-grade, and an optional enclosure wall.  
 
All components classified as ITS are designated on the licensing drawings in FSAR 
section 1.5. 

3.2.1.1 VVM Components and ISFSI Structure  

The FSAR states that the HI-STORM UMAX VVM serves as a missile and radiation 
barrier, provides flow paths for natural convection, and provides kinematic stability to the 
system. The VVM is not a pressure vessel since it is open to the environment.  Each 
subcomponent is summarized below based upon information in the FSAR: 
 
CEC – A thick walled open top shell welded to a bottom base plate that defines the 
storage cavity for the MPCs.  The CEC rests on the SFP and is surrounded laterally by a 
self-hardening engineered subgrade. 
 
Closure Lid - A steel structure filled with plain concrete that is designed to protect the 
VVM from the impact of the design basis missiles as well as provide an inlet and outlet 
for air flow. 
 
ISFSI Pad - A reinforced concrete slab that surrounds the upper portion of the CEC and 
extends to the underside of the CEC Flange. The ISFSI pad provides robust support for 
a loaded transporter and to enable rainwater to flow away from the storage array. 
 
SFP - A reinforced concrete provides below grade support to the CEC for loadings due 
to seismic events and long term settlement. 
 
Subgrade and Under-grade - The soil between the SFP and the ISFSI pad and lateral to 
the CECs which is replaced with a self-hardening engineered subgrade (SES) is the 
subgrade.  The undisturbed soil in the space below the SFP is referred to as the under-
grade.  
 
Enclosure Wall (optional) - The Enclosure Wall was designed to provide a barrier to the 
engineered fill beneath the ISFSI pad such that each VVM array would be distinct from 
surrounding soil or other VVM arrays.  Another function of the Enclosure Wall is to 
provide a means of preventing water intrusion beneath the ISFSI pad.  

3.2.1.2 Multi-Purpose Canisters 

 
As described in the FSAR, the HI-STORM UMAX system utilizes two MPCs as 
confinement vessels: the MPC-37 for pressurized water reactor (PWR) fuel and the 
MPC-89 for boiling water reactor (BWR) fuel.  These MPCs have been previously 
reviewed and approved for storage (CoC No. 1032) and all relevant evaluations are 
presented in the HI-STORM FW FSAR.  Only relevant information necessary to evaluate 
the interaction between the HI-STORM UMAX VVM and the MPCs was presented in the 
HI-STORM UMAX Canister Storage System application. 
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3.2.1.3  

3.2.1.4 Transfer cask (HI-TRAC VW) 

 
According to the FSAR, the HI-STORM UMAX Canister Storage System utilizes the HI-
TRAC VW transfer cask to provide a missile and radiation barrier during transport of the 
MPCs from the fuel pool to the HI-STORM UMAX VVM.  The HI-TRAC VW has been 
previously reviewed and approved for storage activities (CoC No. 1032) and all relevant 
evaluations are presented in the HI-STORM FW FSAR.  Only relevant information 
necessary to evaluate the interaction between the HI-STORM UMAX VVM and the HI-
TRAC was presented in the HI-STORM UMAX Canister Storage System application. 
 

3.2.2 Design Criteria and Applicable Loads 
 
Table 2.3.1 of the FSAR summarizes all loads, design criteria, applicable regulations, reference 
codes and standards for the VVM. 
 
Table 2.3.2 of the FSAR summarizes design data for HI-STORM UMAX Canister Storage 
System. 

3.2.2.1 Applicable Loadings 

 
Loadings applicable to the HI-STORM UMAX Canister Storage System are defined in FSAR 
Sections 2.4 and 2.5. 

3.2.2.2 Design Basis Loads and Load Combinations 

 
Table 2.4.1 of the FSAR contains design basis loads and acceptance criteria applicable to VVM 
components.  
 
Table 2.4.3 of the FSAR contains load combinations applicable to ISFSI structures. 

3.2.2.3 Allowable Stresses 

 
The ITS components of the HI-STORM UMAX system are identified on the design drawings in 
FSAR Section 1.5.   Allowable stresses and stress intensities for American Society of 
Mechanical Engineers (ASME) B&PV Code (Code) are identified in Tables 3.1.11 and 3.1.12 of 
the FSAR.  Tables 3.1.2 to 3.1.8 of the FSAR contain tabulated values for all VVM and MPC 
components.  Specifically, FSAR Table 3.1.4 contains Level A allowable stresses, FSAR Table 
3.1.5 contains Level B allowable stresses, and FSAR Table 3.1.6 contains Level D allowable 
stresses. 

 
3.2.3 Stress Analysis Models and Computer Codes 
 
The applicant’s finite element analysis was performed with LS-DYNA, which is a commercial 
explicit dynamics code for dynamic events, and ANSYS which was used for static stress 
analysis.  Some stress analysis was also performed with closed form classical methods.  
 
3.2.3.1 HI-STORM UMAX VVM 
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The applicant’s VVM finite element model was developed for the seismic soil structure 
interaction (SSI) analysis of a representative 5×5 VVM array loaded with the tallest and heaviest 
approved MPC.  
 
Key features of the applicant’s FEA model included: 
 
- Shell elements were used for divider shell and CEC 

 
- Thick shell and solid elements were used for the CEC base plate and MPC pedestals, 

respectively.  
 

- VVM lid was simplified to a rigid solid body to maximize the contact forces. 
 

- The bounding MPC was modeled in the VVM as a rigid cylinder which yielded bounding 
stresses in the VVM and bounding loads for the ISFSI structures. 

 
- FEA meshing developed during the licensing process for the HI-STORM 100U (CoC No. 

1014) was again utilized to capture the primary stresses. 
  
- The divider shell, CEC baseplate and MPC pedestal, were assumed to behave linear 

elastically to maximize impact loads.  
 

-  The VVM steel components were modeled with  nonlinear elastic-plastic true stress-strain 
relationships  

 
- The key input data of the VVM model is listed in FSAR Table 3.1.13. 

 
3.2.3.2 Multi-Purpose Canister (MPC) 
 
As stated previously, only relevant information necessary to evaluate the interaction between 
the HI-STORM UMAX VVM and the MPCs was presented in the HI-STORM UMAX Canister 
Storage System application.  The applicant provided a finite element model of the MPC in order  
to demonstrate that any loads imparted on the MPC are within the licensing basis previously 
approved in Coc No. 1032 and to demonstrate that impact of the MPC into the radial guides of 
the CEC are within the limits of the materials of construction.  
 
Key features of the applicant’s FEA model included: 
 
- The contents (fuel assemblies, fuel basket, and basket shims) of the MPC are explicitly 

modeled to account for the interaction between the MPC shell and the MPC contents.  
 

- A refined finite element mesh at areas of interest in the canister was used to accurately 
capture the primary membrane and bending stresses as well as secondary stresses. 
 

- The MPC shell and fuel basket were modeled using LS-DYNA thick shell elements. 
 
- MPC lid, baseplate and each fuel assembly were modeled using solid elements.  
 
- The MPC lid weld was explicitly modeled using solid elements.  
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- The material properties of the MPC components were based on the bounding temperatures 
under normal storage condition.  

 
- The fuel assembly model, was assumed to be linear elastic 
 
- All other MPC structural members we modeled with their true stress-strain relationships 
 

The key input data of the MPC enclosure vessel model is listed in FSAR Table 3.1.15. 
 
3.2.3.3 HI-TRAC Transfer Cask 
 
The applicant provided no additional analysis on the transfer cask beyond the qualifying 
analyses presented in the HI-STORM FW Cask System application (CoC No. 1032).  The 
applicant is not seeking (nor requires) additional approval to use the transfer cask as part of the 
HI-STORM UMAX Canister System since it has already been evaluated and approved by the 
staff in CoC No. 1032  
 

3.3 Weights and Centers of Gravity 
 

FSAR Table 3.2.1 contains bounding weight data of all types of MPCs, HI-TRACs and 
transporters that may be utilized with the HI-STORM UMAX Canister Storage System. 

 
FSAR Table 3.2.2 contains bounding dimensional data for the MPC types certified for 
use in the HI-STORM FW Cask System. 

 
3.4 Structural Analysis 

 
The structural analysis for the HI-STORM UMAX Canister Storage System is presented 
in the FSAR Chapter 3.  According to the FSAR, the HI-STORM UMAX Canister Storage 
System components are designed to protect the cask contents from significant structural 
degradation, provide adequate shielding, and maintain subcriticality and confinement 
under the design basis normal, off-normal, and accident loads.  Individual loads for the 
three design conditions of normal, off-normal and accident conditions, including natural 
phenomena, have been addressed in FSAR Sections 2.3.2, 2.3.3 and 2.3.4.  

 
3.4.1 Normal Conditions 
 

As described in the FSAR, the HI-STORM UMAX Canister Storage System is designed 
to withstand normal conditions of storage, which include dead weight, handling (lifting of 
loaded MPC, lifting and handling of HI-TRAC VW with loaded MPC, lifting and transfer to 
ISFSI VVM with loaded MPC), pressure, temperatures, and snow and ice. 
 

3.4.2 Off-Normal Conditions 
 

The FSAR indicates that the HI-STORM UMAX Canister Storage System is designed to 
withstand off-normal conditions, which include pressure, environmental temperatures, 
transient event temperatures, leakage of seals, and partial blockage of air inlets. 
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3.4.3 Accident Conditions  

3.4.3.1 Non-Mechanistic Tipover 

  
The MPCs were evaluated by the applicant for a non-mechanistic tipover in CoC No. 1032.  The 
staff found the applicant’s evaluation that non-mechanistic tipover is not a credible event 
acceptable in that evaluation.  No additional evaluation was necessary for the UMAX because 
UMAX is an underground storage system rendering non-mechanistic tipover not possible.   

3.4.3.2 Dead load plus design basis explosion pressure on VVM components 

 
The applicant evaluated the VVM Closure Lid and CEC shell utilizing strength of materials 
calculations.  The applicant demonstrated through  calculations that the dead load and 
explosion pressure with material property values at 640 F are bounded by the maximum vertical 
missile impact force by a factor of 3 and that the bearing capacity of the engineered fill (552 psi) 
exceeds the loading imparted by the design basis explosion. 
 
3.4.3.3 Maximum Temperature and Internal Pressure Under Accident Conditions 

 
The applicant determined that the configuration of the UMAX VVM does not allow internal 
pressure gradients since it is open to the environment.  Maximum temperatures and pressures 
for the MPC-37 and MPC-89 are bounded by the evaluations presented in CoC No.-1032 for the 
same MPC designs. 

3.4.3.4 Design Basis Fire on VVM Closure Lid 

 
The applicant determined that the stresses in the closure lid due to a 10 psi explosion 
overpressure with material properties consistent with a 640 F temperature were extremely 
small. Given that a typical 30 minute hydrocarbon fire event occurs at 800 F and the design 
features of the ISFSI pad for rainwater diversion keep the fire at a minimum standoff distance, 
the applicant concluded that reduced material properties due to elevated temperature are not 
sufficient to exceed material allowables leading to a reduction in effectiveness of the closure lid.   
In addition, since the vertical large missile impact bounds the 10 psi explosion overpressure, the 
applicant also concluded that the design basis fire is also bounded by explosive overpressure. 

3.4.3.5 Design Basis Flood 

 
The applicant determined that sliding or other displacement of the stored contents due to 
moving water is not a credible event due to the specific design features of the UMAX Canister 
Storage System as an underground storage system.  

3.4.3.6 Design Basis Missile Loading 

3.4.3.6.1 Tornado Missile Strike on VVM Closure Lid 

 
Due to the design features of the UMAX Canister Storage System as an underground storage 
system, the applicant determined that a missile strike is only credible for a side or top impact of 
the VVM closure lid.  The applicant’s strength of materials analysis of a design basis missile 
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strike on the closure lid demonstrated that the lid remained in place and did not collapse.  The 
applicant’s result determined that the shielding effectiveness of the closure lid was not reduced. 

3.4.3.6.2 Tornado Missile Protection during Construction 

 
The applicant’s strength of materials analysis of a design basis missile strike on the exposed 
engineered fill demonstrated that the CEC and MPC are unaffected.  FSAR Table 3.4.8 
summarizes the missile impact analysis results and associated safety factors. 

3.4.3.7 Design Basis Earthquake 

 
A. Design Basis Seismic Model and SSI Analysis 

 
The applicant’s dynamic simulation of the structural response of the buried VVM was 
performed using the commercial finite element code, LS-DYNA.  The seismic input for 
the transient finite element (FE) SSI analysis was an acceleration-time history set 
developed using Regulatory Guide (R.G.) 1.60 response spectra.  The applicant 
determined that the acceleration time histories met the bounding spectra and power 
spectral density requirements of the “Standard Review Plan for the Review of Safety 
Analysis Reports for Nuclear Power Plants: LWR Edition,” NUREG-0800, section 3.7.1.  
The design basis earthquake (DBE) specified a horizontal zero period acceleration 
(ZPA) of 1.0 g and a vertical ZPA of 0.75g at the ground surface and a horizontal zero 
period acceleration (ZPA) of 0.93 g and a vertical ZPA of 0.71g at the foundation surface 
pad per FSAR Table 2.3.2.  

 
The applicant’s soil structure model development consisted of a two-step process 
utilizing SHAKE2000 and LS-DYNA to generate the response spectra at various ISFSI 
elevations with lower bound soil properties which were intended to bound the soil 
conditions at most US nuclear power plants.  The SHAKE2000 analysis was performed 
first to generate the average strain compatible shear wave velocities as well as to extract 
the acceleration time history at the base of the soil column which is subsequently used in 
the LS-DYNA seismic response analysis (no structure present) and the LS-DYNA SSI 
analysis.  This model also formed the basis for comparison of the site specific seismic 
and SSI analyses to determine whether site conditions are bounded by the general 
provisions set forth in the proposed CoC.  The analytical approach described above was 
identical to that used for the previously approved amendments 7 and 9 to CoC No. 1014.  
FSAR Table 3.4.3 lists the peak ISFSI interface loads obtained from the LS-DYNA SSI 
simulations of the following four loading scenarios: 

 
Scenario 1: All storage locations loaded with maximum weight MPCs, and a loaded VCT 
is placed at the center of the ISFSI. 

 
Scenario 2: Same as Scenario 1 except that the Young’s Modulus of the SFP concrete is 
reduced to one-half of its nominal value. 

 
Scenario 3: Same as Scenario 1 except that the subgrade adjacent to one side of SES 
(Space A) is excavated down to the SFP and that the VCT is not considered. 
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Scenario 4: Same as Scenario 3 except that the Young’s Modulus of the SFP concrete is 
reduced to one-half of its nominal value. 

 
The applicant used the peak interface loads in the structural qualification of the VVM 
components and the ISFSI structures.  

 
B. Seismic Qualification of VVM Components 

 
In a seismic event, the loaded MPC in the HI-STORM UMAX VVM could experience 
impact loading from the MPC guides attached to the divider shell of the VVM.  
 
The MPC enclosure vessel and contents were modeled by the applicant explicitly to 
correspond to the modeling techniques utilized for the MPC shell in CoC No. 1014, 
Amendment No. 9 (approved by the staff), to capture the high stress gradient at the 
impact location.  The combination of results obtained from the MPC impact analysis and 
those from the SSI analyses were used to structurally qualify HI-STORM VVM 
components.  FSAR Table 3.4.4 summarizes the seismic qualification analysis results 
for VVM components. 

 
C. Strength Qualification of the ISFSI Structure 
 

The applicant evaluated the strength qualification of the ISFSI structures under design 
basis seismic loading  by extracting the peak interface loads obtained from the SSI 
analyses and applying them to a quasi-static finite element analysis.  The applicant used 
the actual input loads which were larger than the peak loads obtained from the LS-DYNA 
analyses to provide an additional margin of safety.  The applicant determined the SFP, 
TSP, and enclosure wall met the American Concrete Institute (ACI)-318 (2005) strength 
limits for all load combinations applicable for this design.  The quasi-static structural 
analysis utilized the ANSYS finite element analysis software.  The following is a 
summary of the applicant’s model formulation:  
 

- SFP, TSP, Subgrade beneath TSP modeled with elastic SOLID45 
- The lateral subgrade adjacent to the ISFSI is included in the FE model  
- The element mesh is appropriately refined in areas of load application on the SFP and 

the TSP. 
- Quarter symmetry is utilized 
- Simulation Model II, as described below, uses a full FE model since it is non-symmetric 

 
The following is a summary of the VVM loading configurations considered: 
 
Simulation Model I:  all the storage locations in the ISFSI are populated and experience 
identical bounding peak vertical seismic loading  

 
Simulation Model II:  two rows of VVM locations adjacent to the symmetry line loaded 

 
Simulation Model III: single middle row of VVM is loaded 

 
Simulation Model IV:  single VVM loaded centered near the periphery of the ISFSI  
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Simulation Model V:  similar to Model I but with lateral subgrade surrounding the 
retaining walls removed.  Effects of transporter also not considered since loading 
activities will be suspended during excavations.  

 
Simulation Models I, II, III and IV, applied the peak bearing load from the LS-DYNA SSI 
analysis from a single transporter track as a static load to both transporter tracks 
footprints simultaneously.  The applicant took no credit for the dynamic increase factor of 
25% for flexure and 10% for shear permitted by in the strength qualification of reinforced 
concrete in order to  provide additional conservatism in the analysis. 

 
Table 3.4.5 of the FSAR illustrates that the ISFSI pad and support foundation pad 
strength has significant margin over ACI 318 allowable stresses.  

 
The applicant noted that the structural analysis of the ISFSI considered the peak 
dynamic loads (unfiltered) from the LS-DYNA SSI analysis and that it is permissible to 
use equivalent static loads obtained by removing high frequency components using 
appropriate filters.  The applicant, however, failed to provide a definition of an 
“appropriate filter” or information justifying the use of filters.    Since no information was 
presented by the applicant the NRC did not  accept the use of filters to establish 
loadings for the HI-STORM UMAX Canister Storage System in performing its evaluation. 
  

3.5 Staff Evaluation 
 

The staff evaluation of the licensee’s structural models and other calculations to support the 
structural analyses included review of the engineering drawings to verify that adequate 
geometry dimensions were translated to the analysis models, review of the material 
properties presented in the FSAR relevant to structural performance to verify that they were 
used appropriately and properly referenced,  confirmation of finite element input values used 
in the licensee calculation packages, along with a review of design details used to provide 
parameters in the computer models and other calculations.   
 
The staff determined that the proper material properties and boundary conditions were used 
based on well-established structural engineering methods and analytical techniques.  The 
staff determined that the licensee’s selected analytical models, assumptions, and other 
calculations accurately reflected the specific design parameters, and that the assumptions 
and modeling parameters were consistent with review guidelines in NUREG-1536 and ISG-
21, “Use of Computational Software” as well as 10 CFR 72.122.  The staff determined that 
licensee assumptions were adequate for the structural performance characteristics in the HI-
STORM UMAX Canister Storage System geometry and analyzed conditions.  Finally, the 
staff determined that the licensee-provided FSAR sections included accurate information 
that allowed the staff to make a safety determination on the acceptability of the proposed 
design. 

 
Therefore the staff finds that the HI-STORM UMAX Canister Storage System structural 
analysis and conclusions are acceptable and that the HI-STORM UMAX Canister Storage 
System will safely store spent nuclear fuel within TS parameters. 

 
3.6 Evaluation Findings 
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F3.1  The FSAR adequately describes all SSCs that are ITS, providing drawings and text in 
sufficient detail to allow evaluation of their structural performance. 
 

F3.2  The applicant has met the requirements of 10 CFR Part 72.236(b).  The SSCs 
ITS are designed to accommodate the combined loads of normal or off-normal operating 
conditions and accidents or natural phenomena events with an adequate margin of 
safety.  Stresses at various locations of the cask for various design loads are determined 
by analysis.  Total stresses for the combined loads of normal, off-normal, accident, and 
natural phenomena events are acceptable and are found to be within limits of applicable 
codes, standards, and specifications. 
 

F3.3  The applicant has met the requirements of 10 CFR Part 72.236(c), for 
maintaining subcritical conditions.  The structural design and fabrication of the 
DSS includes structural margins of safety for those SSCs important to nuclear 
criticality safety.  The applicant has demonstrated adequate structural safety for 
the handling, packaging, transfer, and storage under normal, off-normal, and 
accident conditions. 
 

F3.4  The applicant has met the requirements of 10 CFR 72.236(l), “Specific 
Requirements for Spent Fuel Storage Cask Approval.”  The design analysis and 
submitted bases for evaluation acceptably demonstrate that the cask and other 
systems important to safety will reasonably maintain confinement of radioactive 
material under normal, off-normal, and credible accident conditions. 

 
F3.5  The applicant has met the requirements of 10 CFR 72.236 with regard to 

inclusion of the following provisions in the structural design: 
 

- Design, fabrication, erection, and testing to acceptable quality 
standards. 
 
- Adequate structural protection against environmental conditions 
and natural phenomena, fires, and explosions. 
 
- Appropriate inspection, maintenance, and testing. 
 
- Adequate accessibility in emergencies. 
 
- A confinement barrier that acceptably protects the cladding 
during storage. 
 
- Structures that are compatible with appropriate monitoring 
systems. 
 
- Structural designs that are compatible with retrievability of SNF. 

 
F3.6  The applicant has met the specific requirements of 10 CFR 72.236(g) and as 

they apply to the structural design for spent fuel storage cask approval.  The cask 
system structural design acceptably provides for the following required 
provisions: 
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- Storage of the spent fuel for a minimum required years. 
 
- Compatibility with wet or dry loading and unloading facilities. 

 
The staff concludes that the structural properties of the SSCs of the HISTORM UMAX Canister 
Storage System are in compliance with 10 CFR Part 72, and that the applicable design and 
acceptance criteria have been satisfied. The evaluation of the structural properties provides 
reasonable assurance that the HISTORM UMAX Canister Storage System will allow safe 
storage of SNF for a licensed (certified) life of 20 years.  This finding is reached on the basis of 
a review that considered the regulation itself, appropriate regulatory guides, applicable codes 
and standards, and accepted engineering practices. 

 
4 THERMAL EVALUATION 
 
The staff’s thermal review ensures that the cask components and fuel material temperatures of 
the HI-STORM UMAX Canister Storage System will remain within the allowable values under 
normal, off-normal, and accident conditions.  These objectives include confirmation that the fuel 
cladding temperature will be maintained below specified limits throughout the storage period to 
protect the cladding against degradation that could lead to gross ruptures.  This portion of the 
review also confirms that the cask thermal design has been evaluated using acceptable 
analytical techniques and/or testing methods.  The review was conducted to the appropriate 
regulations as described in 10 CFR 72.236 that identify the specific requirements for spent fuel 
storage cask approval and fabrication.  The unique characteristics of the spent fuel to be stored 
are identified, as required by 10 CFR 72.236(a), so that the design basis and the design criteria 
that must be provided for the SSCs ITS can be assessed under the requirements of 10 CFR 
72.236(b).  This application was also reviewed to determine whether the HI-STORM UMAX 
Canister Storage System design fulfills the acceptance criteria listed in Sections 2, 4 and 12 of 
NUREG-1536, Revision 1, as well as applicable interim staff guidance (ISG). 
 

4.1 Spent Fuel Cladding 
 
The applicant adopted certain guidelines of NRC, “Standard Review Plan for Dry Cask Storage 
Systems,” NUREG-1536, Revision No. 1 and ISG-11, Revision 3, “Cladding Considerations for 
the Transportation and Storage of Spent Fuel”, to demonstrate the safe storage of the material 
content described in FSAR Chapter 2 and in the CoC application for those aspects relevant to 
the HI-STORM UMAX Canister Storage System design.  As explained later in this SER section, 
the staff has determined that the applicant demonstrated the HI-STORM UMAX Canister 
Storage System complies with the following requirements: 
 
1. The fuel cladding temperature must meet the temperature limit appropriate to its burnup 

level and condition of storage or handling set forth in FSAR Table 2.3.7. 
 
2. The maximum internal pressure of the MPC should remain within its design pressures 

for normal, off-normal, and accident conditions set forth in FSAR Table 2.3.5. 
 
3. The temperatures of the cask materials shall remain below their recommended limits set 

forth in FSAR Table 2.3.7. 
 

4.2 Thermal Properties of Materials 
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Material property tables for the HI-STORM UMAX components are included in FSAR Section 
4.2.  Materials present in the MPCs include Alloy X (defined in the FSAR), Metamic-HT, 
aluminum, and helium.  Materials present in the HI-STORM UMAX Canister Storage System 
underground storage vertical ventilated module (VVM) include carbon steel, concrete, 
insulation, and ambient air.  Thermal properties provided in the FSAR include thermal 
conductivity, density, heat capacity, gas viscosity, and emissivity.  The temperature range for 
the material properties covers the range of temperatures encountered during the thermal 
analysis.   
 
The staff evaluated the applicant’s thermal properties used to perform the thermal evaluation of 
the HI-STORM UMAX Canister Storage System.  Based on the information provided in the 
application regarding thermal properties, the staff determined that the application is consistent 
with guidance provided in Section 4.5.4.2 (Material Properties) of NUREG-1536 that states the 
applicant should include thermal properties for all components used in the calculational model.  
The staff determined  that the thermal properties used in the safety analysis are appropriate 
because they cover the temperature range encountered during normal, off normal, and accident 
conditions.  Therefore, the staff concludes that the thermal properties have been appropriately 
identified and are acceptable because the properties satisfy NUREG-1536 and the requirements 
in in 10 CFR 72.122(h)(1), 72.122(l), 72.236(b), 72.236(f), 72.236(g), and 72.236(h).  
 

4.3 Specifications for Components 
 
HI-STORM UMAX Canister Storage System materials and components designated as ITS (i.e., 
required to be maintained within their safe operating temperature ranges to ensure their 
intended function) are summarized in FSAR Tables 2.0.1 through 2.0.6.  For evaluation of HI-
STORM UMAX Canister Storage System thermal performance, material temperature limits for 
long term normal, short-term operations, and off-normal and accident conditions are provided in 
FSAR Table 2.3.7.  Fuel cladding temperature limits included in FSAR Table 2.3.7 are adopted 
from ISG-11.  These limits are applicable to all fuel types, burnup levels, and cladding materials 
approved by the NRC for power generation. 
 
The staff reviewed the applicant’s specifications for ITS SSCs for the HI-STORM UMAX 
Canister Storage System.  Based on the information provided in the application regarding 
specifications for components, the staff determined that the application is consistent with 
guidance provided in Section 4.4.2 (Material and Design Limits) of NUREG-1536 that provides 
that cask components and fuel materials should be maintained between their minimum and 
maximum temperature limits for normal, loading, off-normal, and accident-level conditions to 
enable all components to perform their intended safety function.  Therefore, the staff concludes 
that the specifications for components are acceptable because the material temperature limits 
satisfy NUREG-1536 and the requirements in in 10 CFR 72.236(b), 72.236(f), 72.236(g), and 
72.236(h). 
 

4.4 HI-STORM UMAX Canister Storage System 
 

4.4.1 General Description 
 
As described in FSAR Section 1.2, the HI-STORM UMAX Canister Storage System consists of 
interchangeable MPCs, which maintain the configuration of the fuel and operate as a  
confinement boundary between the stored spent nuclear fuel and the environment; and a 
storage module that provides structural protection and radiation shielding during long-term 
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storage of the MPC.  The HI-STORM UMAX VVM provides for storage of the MPC in a vertical 
configuration inside a subterranean cylindrical cavity entirely below the top-of-grade of an 
independent spent fuel storage installation.  The key constituents of a HI-STORM UMAX VVM 
are: 
 
1) The Cavity Enclosure Container (CEC) 
2) The Closure Lid 
3) The ISFSI Pad 
4) The Support Foundation Pad 
5) The Subgrade and Under-grade 
6) The Enclosure Walls (optional) 
 
A detailed description of MPCs and the HI-TRAC transfer cask are provided in Section 1.2 of 
the HI-STORM UMAX FSAR. 
 
4.4.2 Design Criteria 
 
The applicant’s thermal design and operation of the MPC in the HI-STORM UMAX system 
follows  the review guidance  in NUREG-1536 and ISG-11, Revision 3.  Specifically, provisions 
from guidance that are  invoked by the applicant are: 
 
1. The thermal acceptance criteria for all commercial spent fuel (CSF) authorized by the 

USNRC for operation in a commercial reactor are unified into one set of requirements. 
 
2. The maximum value of the calculated temperature for all CSF under long-term normal 

conditions of storage must remain below 400ºC (752ºF).  For short-term operations, 
including canister drying, helium backfill, and on-site cask transport operations, the fuel 
cladding temperature must not exceed 400ºC (752ºF) for high burnup fuel (HBF) and 
570ºC (1058ºF) for moderate burnup fuel. 

 
3. The maximum fuel cladding temperature as a result of an off-normal or accident event 

must not exceed 570ºC (1058ºF). 
 
4. For HBF, operating restrictions are imposed to limit the maximum temperature excursion 

during short-term operations to 65ºC (117ºF) and the number of excursions to less than 
10. 

 
As described in FSAR Section 2.0.3, the HI-STORM UMAX VVM rejects heat from the stored 
MPCs by delivering cool ambient air to the annular space around the MPC.  The ambient air 
undergoes progressive heating and reduction in density as it rises in the cylindrical space 
surrounding the MPC through convective heat transfer with the MPC shell, and exits the cell 
through the vertical flue mounted on the central region of the closure lid.  The storage cavities 
have a constant out flow of air which will tend to retard the deposition of air borne particulates 
and debris in the storage space.  The accumulated solids can be vacuumed out of the storage 
cavity by standard means.  As shown in FSAR Chapter 4, the VVMs are designed to reject the 
maximum allowable heat load.  The VVM is designed for extreme cold conditions. 
 
4.4.3 Design Features 
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According to the FSAR, the HI-STORM UMAX Canister Storage System is designed, with 
multiple cooling passages and suitably sized flow annuli, which maximize air flow by ensuring a 
turbulent flow regime at design basis heat loads.  Cooling air to each MPC storage cavity is 
provided by four independent ducts.  Thus, there is a significant level of redundancy in the 
cooling air delivery system for the HI-STORM UMAX Canister Storage System.  The air inlet 
locations are separated from the outlet vent by a significant lateral and vertical distance.  This 
design feature ensures that there is minimal mixing of cold and hot air in the storage system.  
Calculations summarized in FSAR Chapter 4 show that the heat rejection performance of the 
system is stable under varying wind speed. 
 
To ensure the permissible PCT limits are not exceeded, FSAR Subsection 2.1.9 specifies the 
maximum allowable decay heat per assembly for each MPC model in the different thermal 
patters.  FSAR Tables 2.1.8 and 2.1.9 summarize the heat load data for MPC-37 and MPC-89. 
  
The staff reviewed the applicant’s general description, design criteria, and design features of the 
HI-STORM UMAX storage system.  Based on the information provided in the application 
regarding these items, the staff determines that the application is consistent with guidance 
provided in Section 4.4.1 (Decay Heat Removal System) of NUREG-1536 which provides that 
the applicant should present a detailed description of the proposed cask heat removal system 
and its passive cooling characteristics.  Here, the applicant has provided a detailed description 
of decay heat removal system and its passive cooling characteristics.  Therefore, the staff 
concludes that the description of the decay heat removal system is acceptable because the 
description satisfies NUREG-1536 and the requirements in in 10 CFR 72.122(h)(1), 72.122(l), 
72.236(b), 72.236(f), 72.236(g), and 72.236(h). 
 

4.5 Thermal Model 
 
The applicant used FLUENT program to evaluate the thermal performance of the HI-STORM 
UMAX Canister Storage System.  FLUENT is a finite volume computational fluid dynamics 
(CFD) program with capabilities to predict fluid flow and heat transfer phenomena in two and 
three dimensions.  The three-dimensional (3-D) thermal analysis model for the VVM developed 
by the applicant is described below.  The MPC and basket thermal models are described in the 
HI-STORM FW FSAR.  
 
The airflow through the cooling passages of the VVM is modeled as turbulent, using the k-ω 
model with transitional option enabled.  The underside of the SFP is assumed to be supported 
on a subgrade at an isothermal surface temperature.  A quarter-symmetry model for the VVM 
assembly seeks to represent the essential geometry details of the physical system as depicted 
in the Licensing Drawings in FSAR Section 1.5 with the assumptions as summarized below: 
 
1. In FSAR Table 2.1.7, the fuel assemblies loaded in MPC-37 are catalogued as short, 

standard and long fuel.  For each length catalogued, the minimum active fuel length is used 
in the model.  For instance, the active fuel lengths of 128", 144" and 168" are used to model 
the short, standard and long fuel respectively.  This is conservative, because the shorter 
active fuel length has the higher heat load density, which results in a higher peak cladding 
temperature (PCT). 

 
2. The soil Subgrade beneath the VVM assembly is assumed to be equal to the design basis 

soil temperature in FSAR Table 2.3.6. 
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3.  The side surface of VVM is assumed to be insulated. 
 
The applicant stated that that the axial variation of the heat generation rate in the design basis 
fuel assembly is defined based on the axial burnup distribution and that this distribution is used 
for analyses only, and does not provide a criteria for fuel assembly acceptability for storage in 
the HI-STORM UMAX Canister Storage System.  Because different distributions may negatively 
affect the FSAR thermal results and new thermal analysis may be required to demonstrate that 
thermal limits are not exceeded, the applicant performed the analysis using two axial heat load 
distributions to address this issue:  
 
Case1 (flattened axial distribution as depicted in the licensing basis profile in Table 2.1.5 and 
Figure 2.1.3 of the FSAR) and  
 
Case 2 (axial distribution with peak to average heat generation rate equal to 1.2 in every 
storage cell.   
 
Based on the analysis results the applicant determined a small difference between the two axial 
profiles.  In order to ensure the assumed axial variation would bound other axial distributions 
during vacuum drying,  the applicant performed additional analysis using a center biased heat 
generation profile.  The applicant determined that in order to comply with the permissible peak 
cladding temperature limit, a reduction in the threshold heat load allowed for vacuum drying was 
needed, as specified in the FSAR. 
 
The staff reviewed the applicant’s description of the HI-STORM UMAX Canister Storage System 
thermal model.  Based on the information provided in the application regarding the thermal 
model, the staff determines that the application is consistent with guidance provided in Section 
4.4.4 (Analytical Methods, Models, and Calculations) of NUREG-1536 that provides that the 
applicant should present a thermal analysis that clearly demonstrates the storage system’s 
ability to manage design heat loads and have the various materials and components remain 
within temperature limits.  Here, the applicant has provided a detailed description of thermal 
models used to perform the evaluation of the storage cask and the results of the model, as 
confirmed by staff, demonstrate the storage system’s ability to manage design heat loads and 
have the materials and components remain within temperature limits.   Therefore, the staff 
concludes that the description of the thermal model is acceptable because the description 
satisfies NUREG-1536 and the requirements in in 10 CFR 72.122(h)(1), 72.122(l), 72.236(b), 
72.236(f), 72.236(g), and 72.236(h). 
 

4.6  Thermal Evaluation for Normal Conditions of Storage 
 
The applicant used the 3-D model described in the previous section to determine temperature 
distributions under long-term normal storage conditions for both MPC-89 and MPC-37.  FSAR 
Tables 4.4.2, 4.4.7, 4.4.9, and 4.4.10 provide key thermal and pressure results.  Based upon  
The applicant’s results, the temperature field in the HI-STORM UMAX Canister Storage System 
with a loaded MPC containing heat emitting spent nuclear fuel complies with all regulatory 
temperature limits (FSAR Table 2.3.7).  The staff confirmed  the thermal environment in the HI-
STORM UMAX Canister Storage System is in compliance with FSAR Chapter 2 Design Criteria.  
As explained in  FSAR Chapter 3 and evaluated in Chapter 3 of this SER, all HI-STORM UMAX 
VVM and MPC materials of construction will satisfactorily perform their intended function in the 
storage mode under a minimum temperature condition of -40°F. 
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The storage scenarios described above evaluated the HI-STORM UMAX Canister Storage 
System up to an elevation of 1500 feet.  However, if an ISFSI is located at an elevation greater 
than 1500 ft, the effect of altitude on the peak cladding temperature shall be quantified as part of 
the 10 CFR 72.212 evaluations for the site using the site ambient conditions. 
 
The applicant calculated the MPC maximum gas pressure for a postulated release of fission 
product gases from fuel rods into the MPC free space.  For these scenarios, the amounts of 
each of the release gas constituents in the MPC cavity are summed and the resulting total 
pressures determined from the ideal gas law.  Based on fission gases release fractions 
(NUREG 1536 criteria), rods’ net free volume and initial fill gas pressure, maximum gas 
pressures with 1% (normal), 10% (off-normal) and 100% (accident condition) rod rupture are 
given in FSAR Table 4.4.7.  The maximum computed gas pressures reported in FSAR Table 
4.4.7 are all below the MPC internal design pressures for normal, off-normal and accident 
conditions specified in FSAR Table 2.3.5. 
 
The applicant performed grid sensitivity studies to obtain the discretization error.  For this 
purpose, the applicant generated five different grids.  Using the results from these grids, the 
applicant calculated the grid convergence index (GCI). Because the results of the GCI 
calculation  were an apparent order larger than the analytical one, the applicant recalculated the 
GCI using a set of three grids.  This calculation showed an apparent order smaller than two.  
However, as indicated in American Society of Mechanical Engineers (ASME), “Standard for 
Verification and Validation in Computational Fluid Dynamics and Heat Transfer,” V&V 20-2009, 
in order to demonstrate that the apparent order is constant for a series of simulations, a 
minimum of four grids is required.  Per V&V 20-2009, three-grid solution for the observed order 
p may be adequate if some of the values of the variable of interest (for example, peak cladding 
temperature) predicted on the three grids are in the asymptotic region for the simulation series.  
The staff determined the GCI calculation provided by the applicant did not demonstrate that the 
apparent order was constant nor did it show that the results were in the asymptotic region.  The 
staff requested the applicant’s uncertainty of the analytical results associated with the boundary 
conditions (e.g., heat transfer coefficient), fuel effective thermal conductivity, and porous media 
flow resistance factors (used to model the fuel assemblies).   The applicant performed additional 
analyses to obtain the sensitivity of the analytical results to the fuel effective thermal 
conductivity and porous media flow resistance factors.  The calculations included a 10% 
reduction in the effective thermal conductivity and a porous media flow resistance factor of 
about one million.  The applicant’s calculated friction factor used in the PWR fuel assembly 
porous media model was found to be non-conservative because the staff calculated a higher 
friction factor based on thermal-hydraulic characterization performed by Sandia National 
Laboratory (SNL).  Staff's thermal analysis of SNL’s thermal-hydraulic experiment data, 
indicated that a fuel assembly viscous resistance factor of about a million would match the 
thermal-hydraulic experimental data obtained by SNL.  Therefore, in order to ensure that the 
fuel, MPC, and cask components remain below their respective temperature limits, the applicant 
lowered the allowable heat loads originally requested, as indicated in the FSAR. 
 
For wind studies, the applicant developed a separate model to obtain the effect of wind and the 
effect of air mixing.  Although, based on observations and measurements (from National 
Oceanic and Atmospheric Administration data), low speed wind is a normal environmental 
variable, the applicant stated that wind should be treated as an off-normal occurrence, but 
provided no additional justification.  Per ANSI/ANS-57.9, off-normal operations are those 
conditions which, although not occurring regularly, are expected to occur no more than once a 
year.   Low wind speed (e.g. 7 mph wind) in any given direction  occurs much more frequently, 
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and, therefore, should be treated as a normal condition.  Treating low speed wind as a normal 
occurrence requires the use of the long term storage recommended temperature limit (752°F or 
400°C.)  Therefore, the staff concluded wind should be treated as a normal environmental 
variable and should be included in the analysis, especially since it has an effect on the predicted 
peak cladding temperature as compared to the quiescent conditions.  
 
The applicant explained that  the effect of wind in the inlet temperature is included in the 
analysis by adding the increase in the inlet temperature (obtained from analysis which considers 
a one by eight array model, as described in the FSAR)  to the peak cladding temperature 
predicted by the thermal model developed for wind studies.  In adding the two, the applicant 
predicted a PCT that was below, but very close to the ISG-11 recommended limit. 
 
Chapter 4 (Thermal Evaluation) of NUREG-1536 provides the need to assess modeling details 
such as simulation options, simplifications, and accuracy of results.  It also states that for any 
computational modeling software to demonstrate that a particular cask design satisfies 
regulatory requirements, adequate validation of that computational modeling software must be 
demonstrated by the applicant.  As defined in NUREG-1536, validation is a demonstration of the 
validity of a computer code for use in a general area of application by comparison of the code’s 
calculational results with the measured results (data) from a variety of experiments spanning the 
area of intended applications.  The applicant performed the analysis but the application did not 
include any validation data to determine the accuracy of the analytical results.  Therefore, 
without adequate validation of the analytical models, the staff was unable to determine the 
accuracy of the calculations and claimed thermal margins.    Although the applicant proposed 
that a HI-STORM UMAX thermal test would be added to the CoC to address the staff’s concern, 
the staff found the applicant’s approach unacceptable because the proposed approach 
postpones the validation of the analytical methods after the CoC is issued.  Therefore, in order 
to compensate for the lack of validation of the thermal models and uncertainty of the 
calculations, the applicant reduced the total heat load by 20%.  The staff performed additional 
calculations to determine the additional margin that would exist with a 20% reduction in the total 
heat load.  The staff’s results were consistent with the FSAR, which includes a calculation at 
80% of design basis heat load.  Based on these calculations the staff determined that the 20% 
reduction would provide sufficient margin against the recommended peak cladding temperature 
limit.  The staff determined that this margin against the recommended limit was sufficient to 
provide reasonable assurance because it would compensate for uncertainties associated with 
the modeling and application errors. 
 
The staff reviewed the applicant’s thermal evaluation of the HI-STORM UMAX Canister Storage 
System during normal conditions of storage.  Based on the information provided in the 
application regarding the thermal model and evaluation, the staff determines that the application 
is consistent with guidance  in Section 4.4.4 (Analytical Methods, Models, and Calculations) of 
NUREG-1536, that the applicant should present a thermal analysis that clearly demonstrates 
the storage system’s ability to manage design heat loads and have the various materials and 
components remain within temperature limits.  Here, the applicant has provided a thermal 
evaluation used to show that calculated maximum temperatures remain below the 
recommended limits described in the application.  However, the applicant did not provide 
evidence that analytical models have been validated, as required by NUREG-1536.  To 
compensate for the lack of validation and uncertainty determination, the applicant reduced the 
total heat load by 20%.  The staff determined that a 20% reduction in the total heat load would 
be sufficient to provide additional margin against the recommended cladding temperature limit.  

SCE-SER 000833

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-3, Page 256 of 287
(847 of 2110)



 

 22

The staff concluded that this additional margin would compensate for the uncertainty in the 
applicant’s thermal models. 
 

4.7 Thermal Evaluation for Short-Term Operations 
 
The applicant evaluated the vacuum drying condition and normal onsite transfer (FSAR Section 
4.5). The applicant incorporated by reference other short-term operations involving the HI-TRAC 
VW transfer cask. 
 

4.8 Off-Normal and Accident Events 
 
4.8.1 Off-Normal Events 
 
The applicant considered five off-normal events: off-normal pressure, off-normal environmental 
temperature, partial blockage of air inlets, off-normal malfunction of forced helium dehydrator 
(incorporated by reference to HI-STORM FW, and sustained wind. (As discussed in section 4.6, 
the review of the applicant’s off-normal events did not include a review of sustained winds 
because  sustained winds from 0 to 10 miles per hour (mph) are normal occurrence and should 
apply the normal temperature limit.)  The MPC off-normal pressures are reported in FSAR Table 
4.6.5.  The results are below the off-normal design pressure (FSAR Table 2.3.5).  The off-
normal temperature results are provided in FSAR Table 4.6.1.  The results are below the off-
normal condition temperature (FSAR Tables 2.3.7).  The computed temperatures for the partial 
blockage of air inlets are reported in FSAR Table 4.6.1 and the corresponding MPC internal 
pressure in FSAR Table 4.6.5.  The results are confirmed to be below the temperature and 
pressure limits (FSAR Table 2.3.7 and 2.3.5) for off-normal conditions. 
 
The staff reviewed the applicant’s thermal evaluation during off-normal conditions and verified 
the maximum cladding temperatures predicted by the applicant would remain below ISG-11 
Rev. 3 recommended limit of 570°C for all postulated off-normal events.  Based on the 
information provided in the application regarding off-normal events, the staff determines that the 
application is consistent with guidance provided in Section 4.4.4 (Analytical Methods, Models, 
and Calculations) of NUREG-1536 which provides that the applicant should present a thermal 
analysis that clearly demonstrates the storage system’s ability to manage design heat loads and 
have the various materials and components remain within temperature limits.  Here, the 
applicant has demonstrated this ability by performing the calculations and demonstrating that 
the analysis results are lower than the recommended limit of 570°C.  Therefore, the staff 
concludes that the thermal evaluation during off-normal events is acceptable because the 
thermal evaluation satisfies NUREG-1536 and the requirements in in 10 CFR 72.122(h)(1), 
72.122(l), 72.236(b), 72.236(f), 72.236(g), and 72.236(h). 
 
4.8.2  Accident Events 
 
The applicant considered six accident events: fire, jacket water loss, extreme environmental 
temperatures, 100% blockage of air ducts, burial under debris, and flood.  Accident analyses 
results are provided in FSAR Tables 4.6.6, 4.6.7, 4.6.9, and 4.6.10.  All predicted maximum 
temperatures and pressures remain below the accident limits defined in FSAR Table 2.3.5 
(accident design pressure) and Table 2.3.7 (accident temperature limit). 
 
The staff reviewed the applicant’s thermal evaluation during accident conditions and verified the 
maximum cladding temperatures predicted by the applicant would remain below ISG-11 Rev. 3 
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recommended limit of 570°C for all postulated accident events.  Based on the information 
provided in the application regarding accident events, the staff determines that the application is 
consistent with guidance provided in NUREG-1536, Section 4.4.4 (Analytical Methods, Models, 
and Calculations) that provides that the applicant should present a thermal analysis that clearly 
demonstrates the storage system’s ability to manage design heat loads and have the various 
materials and components remain within temperature limits.  Here, the applicant has 
demonstrated this ability by performing the calculations and demonstrating that the analysis 
results are lower than the recommended limit of 570°C.  Therefore, the staff concludes that the 
thermal evaluation during accident events is acceptable because the thermal evaluation 
satisfies NUREG-1536 and the requirements in in 10 CFR 72.122(h)(1), 72.122(l), 72.236(b), 
72.236(f), 72.236(g), and 72.236(h). 
 

4.9 Confirmatory Analysis 
 
The staff reviewed the applicant’s thermal models used in the analyses.  The staff checked the 
code input in the calculation packages and confirmed that the proper material properties and 
boundary conditions were used.  The staff verified that the applicant’s selected code models 
and assumptions were adequate for the flow and heart transfer characteristics prevailing in the 
HI-STORM UMAX Canister Storage System geometry and analyzed conditions.  The 
engineering drawings were also consulted to verify that adequate geometry dimensions were 
translated to the analysis models. The material properties presented in the FSAR were reviewed 
to verify that they were appropriately referenced and used.  The staff assured that the applicant 
performed appropriate sensitivity analysis calculations to obtain mesh-independent results that 
would provide bounding predictions for all analyzed conditions during normal fuel transfer and 
accidents.  Finally, through request for additional information (RAI) the staff made sure the 
applicant provided an FSAR that included complete and accurate information for the staff to 
make a safety determination on the adequacy of HI-STORM UMAX Canister Storage System 
thermal design. 
 
To verify the applicant’s 3-D thermal model used to analyze  wind conditions (which is the 
bounding case), the staff modified the applicant’s FLUENT model to extend the location of the 
boundary to make sure it does not affect the applicant’s predicted results.  Using the 
confirmatory analysis, the staff verified the applicant’s developed model is adequate to 
represent wind conditions. 
 

4.10 Evaluation Findings 
 
F4.1 FSAR Chapter 2 describes SSCs important to safety to enable an evaluation of their 

thermal effectiveness.  Cask SSCs important to safety remain within their operating 
temperature ranges. 

 
F4.2 The HI-STORM UMAX Canister Storage System is designed with a heat-removal 

capability having verifiability and reliability consistent with its importance to safety.  The 
cask is designed to provide adequate heat removal capacity without active cooling 
systems. 

 
F4.3 The spent fuel cladding is protected against degradation leading to gross ruptures under 

long-term storage by maintaining cladding temperatures below 752°F (400°C).  
Protection of the cladding against degradation is expected to allow ready retrieval of 
spent fuel for further processing or disposal. 
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F4.4 The spent fuel cladding is protected against degradation leading to gross ruptures under 

off-normal and accident conditions by maintaining cladding temperatures below 1058°F 
(570°C).  Protection of the cladding against degradation is expected to allow ready 
retrieval of spent fuel for further processing or disposal. 

 
F4.5 The staff finds that the thermal design of the HI-STORM UMAX Canister Storage 

System is in compliance with 10 CFR Part 72 and that the applicable design and 
acceptance criteria have been satisfied.  The evaluation of the thermal design provides 
reasonable assurance that the cask will allow safe storage of spent fuel.  This finding is 
reached on the basis of a review that considered the regulation itself, appropriate 
regulatory guides, applicable codes and standards, and accepted engineering practices. 

 
 
5 CONFINEMENT EVALUATION 
 
In the confinement review, the NRC evaluates the confinement features and capabilities of the 
proposed cask system.  In conducting this evaluation, the NRC staff seeks to ensure that 
radiological releases to the environment will be within the limits established by the regulations 
and that the spent fuel cladding and fuel assemblies will be sufficiently protected during storage 
against degradation that might otherwise lead to gross ruptures. 
 
The HI-STORM Canister Storage System is similar in design to the HI-STORM 100U system 
approved by the NRC in CoC No. 1014, Amendment No. 7.  The major differences between 
them are that  the HI-STORM UMAX Vertical Ventilated Module (VVM) Cavity is larger in 
diameter than the HI-STORM 100 VVM, and that the UMAX closure lid features a modified 
outlet ventilation duct system.  Given that  the HI-STORM UMAX Canister Storage System 
confinement vessel is the MPC that is similar to that evaluated in CoC No. 1014, Amendment 
No. 7, and that there is only a minor change in confinement system design between the HI-
STORM UMAX Canister Storage System and the HI-STORM 100U, the confinement review 
was focused on evaluating the effects of the differences in design.  
 

5.1 Confinement System 
 
The confinement boundary is defined by the MPC shell, MPC baseplate, MPC lid, port cover 
plates, closure ring, and associated welds (the HI-STORM UMAX VVM does not serve as a 
confinement function).  There are no bolted closures or mechanical seals in the MPC 
confinement boundary.  The details of the MPCs are described in the HI-STORM FW docket.   
 
Helium Leak Testing 
 
All the confinement components (including the confinement welds and the base metals) of the 
HI-STORM UMAX are required for helium leak testing except the lid-to-shell weld since the weld 
meets the criteria of ISG-18.  The confinement boundary of the HI-STORM UMAX is helium 
leakage tested to be leak-tight (1.0 x 10-7 ref-cm3/sec) in accordance with the leakage test 
methods and procedures of ANSI N14.5-1997. 
 

5.2 Staff Evaluation 
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The staff reviewed the description of HI-STORM UMAX Canister Storage System confinement 
system and concludes  that  confinement of all radioactive materials in the HI-STORM UMAX 
system is provided by the MPC which remains unchanged from those used in the HI-STORM 
FW which was approved and licensed.  The staff also concludes that; as in HI-STORM FW 
confinement components, the material of construction (austenitic stainless steel) for the HI-
STORM UMAX confinement vessel is known from extensive industrial experience to have high 
integrity, high ductility and high fracture strength welds, and the MPC enclosure vessel welds 
provide a secure barrier against leakage.  Finally, the staff concludes that  all the confinement 
components (including the confinement welds and the base metals) of the HI-STORM UMAX are 
required to be  helium leak tested to assure they are  leaktight (except the lid-to-shell weld since 
the weld meets the criteria of ISG-18). 
 
After reviewing the descriptions of the confinement system in FSAR and referencing to HI-
STORM FW, the staff agrees that leakage from the confinement boundary is not credible. 

5.3 Evaluation Findings 
 
F5.1 Chapter 7 of the FSAR sufficiently describes confinement structures, systems, and 

components important to safety.  The cask is leaktight and its quantity of radioactive 
nuclides released to the environment satisfies the regulatory requirements of 10 CFR 
72.104(a) and 10 CFR 72.106(b). 

 
F5.2 The HI-STORM UMAX Canister Storage System design adequately protects the spent 

fuel cladding against degradation that might lead to gross ruptures.  
 
F5.3 The HI-STORM UMAX Canister Storage System provides redundant sealing of the 

confinement system.  There are no bolted closures or mechanical seals in the MPC 
confinement boundary. 

 
 
F5.4 The cask confinement system was evaluated to demonstrate that it will reasonably 

maintain confinement of radioactive material under normal, off-normal, and credible 
accident conditions. 

 
F5.5 All the confinement components (including the confinement welds and the base metals) 

of the HI-STORM UMAX Canister Storage System are required for helium leak testing 
except the lid-to-shell weld since the weld meets the criteria of ISG-18. 

 
6 SHIELDING AND RADIATION PROTECTION EVALUATION 
 
The shielding and radiation protection review evaluates the ability of the proposed shielding 
features to provide adequate protection against direct radiation from the DSS contents.  The 
shielding features should limit the dose to the operating staff and members of the public so that 
the dose remains within regulatory requirements during normal operating, off-normal, and 
design-basis accident (DBA) conditions.  The review seeks to ensure that the shielding design is 
sufficient and reasonably capable of meeting the operational dose requirements of 10 CFR 
72.104 and 72.106 in accordance with 10 CFR 72.236(d). 
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6.1 Introduction 

 
The staff’s review considered the acceptance criteria specified in Section 6 of NUREG-1536, 
“Standard Review Plan for Dry Cask Storage Systems.”  The staff’s review was performed 
based on information provided in the HI-STORM UMAX Canister Storage System FSAR.  
 
The HI-STORM stores a sealed canister containing spent nuclear fuel in an in-ground Vertical 
Ventilated Module (VVM).  The HI-STORM UMAX VVM is the underground equivalent of the HI-
STORM FW storage module certified in CoC No. 72-1032.  The HI-STORM UMAX Canister 
Storage System is also similar to the HI-STORM 100U VVM approved in CoC No. 1014, 
Amendment No. 7.  The main differences between the HI-STORM UMAX VVM and HI-STORM 
100 VVM are that the HI-STORM UMAX VVM cavity is larger in diameter and has a modified 
outlet ventilation duct system for the closure lid  
 

6.2 Design Criteria 
 
The objective of shielding is to assure that radiation dose rates at key locations are as low as 
practical in order to maintain occupational doses to operating personnel as low as reasonably 
achievable (ALARA) and to meet the requirements of 10 CFR 72.104 (a) to a maximum of 25 
mrem/year whole body, 75 mrem/year thyroid, and 25 mrem/year for other critical organs, 
including contributions from all nuclear fuel cycle operations for a real individual beyond the 
controlled area boundary and 10 CFR 72.106 for dose at the controlled area boundary  
 
The applicant stated that the three locations that are of particular interest in the storage mode 
are: 
1. Immediate vicinity of the cask 
2. Restricted area boundary 
3. Controlled area (site) boundary 
 
Dose rates in the immediate vicinity of the loaded VVM are important in consideration of 
occupational exposure. 
 
The applicant stated since these limits are dependent on plant operations as well as site specific 
conditions, the determination and comparison of ISFSI doses to this limit are necessarily site-
specific.  The determination of site-specific ISFSI dose rates at the site boundary and 
demonstration of compliance with regulatory limits is to be performed by the licensee in 
accordance with 10 CFR 72.212. 
 
The storage module is designed to limit the calculated surface dose rates on the cask for all 
MPC designs.  The storage module provides structural protection and radiation shielding during 
long-term storage of the MPC.  In addition, the HI-TRAC transfer cask provides the structural 
and radiation protection of an MPC during its loading, unloading, and transfer to the storage 
module is approved by the USNRC in CoC No. 1032.  The storage module is also designed to 
maintain occupational exposures ALARA during MPC transfer operations, in accordance with  
10 CFR Part 20. 
 

6.3 Shielding Design Feature 
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The HI-STORM UMAX System Canister Storage System shielding design is described in the 
FSAR, Section 1.2.  The details of design are described in the licensing drawings in FSAR, 
Section 1.5.  The HI-STORM UMAX VVM differs from above ground HI-STORM storage 
modules approved in CoC Nos. 72-1014 and 1032 in that the used fuel is stored below the 
ISFSI’s top of grade (TOG).  HI-STORM UMAX VVM, however, is comparable with the HI-
STORM FW storage module in that it can store the certified MPC-37 and MPC-89 in the FW 
system.  Furthermore, the HI-TRAC VW transfer cask used to transfer and install the MPCs in 
the storage system is identical to that used in the HI-STORM FW system.  The MPC’s content, 
conditions and the loading operations up to the time the loaded MPC’s transfer cask enters at 
the ISFSI are identical to the HI-STORM FW system.  
 
The HI-TRAC VW transfer cask shielding safety analyses are already provided in NRC- 
approved CoC No. 1032. 
 
The HI-STORM UMAX VVM is considered an storage module and consists of a set of vertically 
disposed steel containers founded on a thick reinforced concrete pad and located over 20 feet 
below top of grade (TOP) embedded in a SES.  The top region of the steel container is 
reinforced by a thick plate-type flange that rests on a reinforced concrete pad represented as 
the storage module pad.  
 
The top opening in the container is the only location of access into the cavity and potential path 
of emission of radiation to the environment.  The closure lid, made as an over-40 inch thick steel 
filled with concrete to provides maximum blockage from radiation emerging from the fuel.  
 
The top of an MPC is equipped with a 9” thick lid and is at least about 2 feet below the bottom of 
the VVM Closure lid to enhance further shielding action of the lid. 
 
Source Specification: 
 
The applicant’s design-basis source specifications for bounding calculations are identical to 
those used and evaluated by the staff in CoC No. 1032.  The gamma source, neutron source 
and non-fuel hardware are the same as the sources described in HI-STORM FW FSAR. 
 
6.3.1 Staff Evaluation 

 
The staff performed shielding and source term calculations using SCALE 6 to compare photon 
and neutron sources  with the applicant’s evaluation and concludes that the design of the 
shielding system for the HI-STORM UMAX VVM system’s applicable design and acceptance 
criteria is in compliance with 10 CFR Part 72, and that acceptance criteria have been satisfied.  
The staff concluded that the HI-STORM UMAX VVM system shielding system will provide 
reasonable assurance for safe storage of spent fuel.  This finding is based on an evaluation of 
the FSAR and supporting documentation, compliance with the regulations and NUREG 1536, 
Rev. 1 guidance, along with staff confirmatory calculations and modeling analysis, and accepted 
engineering practices.  
 

6.4 Shielding Analysis 
 
The applicant used the MCNP-5 code for all of the shielding analyses.  FSAR Figure 5.1.1 or 
Figure 1 and Figure 2 of HI-212519 i(supplied as supporting documentation) identify the 
locations of the dose points that are shown in FSAR Tables 5.1.1 and 5.1.2 or Tables 1 and 2 of 
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HI-212519 loaded with MPC-32 and MPC-37, on the surface and 1 meter from the surfaces 
respectively.  Dose point #1 represents the side of the closure lid shell on top of the inlet 
plenum.  The maximum dose rate is reported for the side surface of the lid shell, while the dose 
rate value reported at 1.0 meter was taken at the middle of the lid shell.  Dose point #2 is the 
location of the surface of the outlet duct.  Dose point #3 is positioned on the closure lid cover 
plate. Dose points # 4 and #5 are the locations of the outlet and inlet vents (top surface), 
respectively.  Dose point #6 is located over a tube that would be required for the impressed 
current cathodic protection system (ICCPS) test station if an ICCPS is used.  Dose point #7 
is located over an empty VVM located adjacent to four loaded VVMs.  The annual dose at 100 
meters from a Single HI-STORM UMAX VVM is provided in FSAR Table 5.1.3. 
 
The dose rate profiles across the lid and the ISFSI pad are provided in FSAR Tables 5.4.2 and 
5.4.3.  
 
6.4.1 Off-Normal Condition 
 
The potential off-normal conditions and their effect on the HI-STORM UMAX Canister Storage 
System are provided in Chapter 12 of HI-STORM FW FSAR.  According to the applicant, none 
of the off-normal conditions as defined in accordance with ANSI/ANS-57.9, listed in Chapter 12 
of SAR, and as defined in Section 2.3 of SAR have any impact on the shielding analysis. 
Therefore for the purpose of shielding evaluation both off-normal and normal conditions are 
treated identically by the applicant.   
 
6.4.2 Occupational Exposures 
 
The applicant states that the HI-TRAC VW transfer cask provides shielding to maintain 
occupational exposures ALARA in accordance with 10 CFR Part 20, while also maintaining the 
maximum load on the plant's crane hook to below the rated capacity of the crane.  The HI-TRAC 
VW calculated dose rates for a set of reference conditions are provided in the HI-STORM FW 
FSAR, Section 5.1 and evaluated by the staff in CoC No. 1032.  
 
6.4.3 Off-Site Dose Calculation 
 
The off-site dose for normal operating conditions to a real individual beyond the controlled area 
boundary is limited by 10 CFR 72.104(a) to a maximum of 25 mrem/year whole body, 75 
mrem/year thyroid, and 25 mrem/year for other critical organs, including contributions from all 
nuclear fuel cycle operations.  According to the applicant, since these limits are dependent on 
plant operations as well as site specific conditions, the determination and comparison of ISFSI 
doses to this limit are necessarily site-specific.  Dose rates for a single cask on contact, at 1m, 
and at 100m distance using the HI-STORM UMAX Canister Storage System are provided in the 
FSAR, Tables 5.1.1, 5.1.2, and 5.1.3.  The determination of site-specific ISFSI dose rates at the 
site boundary and demonstration of compliance with regulatory limits is performed by the 
general licensee in accordance with 10 CFR 72.212. 
 
FSAR Table 5.1.4 presents the dose at 100 meters from a single HI-STORM UMAX storage 
module with MPC-32 and MPC-37 loaded with design basis fuel for accident condition which is 
in compliance with the 10CFR72.106. 
 
Dose rates were also calculated at a distance of 100 m from the VVM.  This would indicate what 
portion of the dose rate results from direct radiation through the concrete and soil of the ISFSI 
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pad as opposed to radiation from the streaming from the air inlet and outlet.  The dose locations 
for the profile are shown in FSAR Figure 5.3.2, and are labeled alphabetically (A through X). 
The calculated dose rates are listed in FSAR Tables 5.4.2 and 5.4.3 for MPC-32 and MPC-37, 
respectively. 
 
6.4.4 Staff Evaluation 
 
The staff performed confirmatory analyses of selected dose rates using the MAVRIC sequence 
of the SCALE 6 code system, with the Monaco three dimensional Monte Carlo shielding 
analysis code. The staff based its evaluation on the design features and model specifications 
presented in the drawings shown in SAR.  Limiting fuel characteristics, and the burnup and 
cooling time, are included in the TS, as are the dose rates profile across the HI-STORM UMAX 
lid and surrounding ISFSI pad.  The staff’s calculated dose rates were in reasonable agreement 
with the SAR values or were generally lower due to the applicant’s conservative loading 
assumptions.  The staff found that the SAR has adequately demonstrated that the HI-STORM 
UMAX is designed to meet the criteria of 10 CFR 72.104(a) and 72.106.   
 
Each general licensee is responsible to verify compliance with 10 CFR 72.104(a) in accordance 
with 10 CFR 72.212. In addition, a general licensee will also have an established radiation 
protection program as required by 10 CFR Part 20, Subpart B and will demonstrate compliance 
with dose limits to individual members of the public and workers including for excavation 
activities, as required, by evaluation and measurements.  The staff notes that the system 
contents result in relatively significant direct radiation dose rates, which is a concern primarily 
for operations involving the transfer cask such as, loading, unloading, and transport for the 
UMAX system. Thus, each user may be required to take additional ALARA precautions to 
minimize doses to personnel and to make additional use of realistic fuel characteristics and 
distances to demonstrate compliance with public dose limits in 10 CFR Part 20 and 10 CFR Part 
72.  As explained above, the staff reviewed the accident evaluation and found it acceptable for 
the application.  The staff has reasonable assurance that the direct radiation from the UMAX 
satisfies 10 CFR 72.106(b) at or beyond a controlled boundary of 100 meters from the design-
basis accidents. 
 

6.5 Evaluation Findings 
 
Based on the NRC staff's review of information provided for the HI-STORM UMAX Canister: 
Storage System application, the staff finds the following: 
 
F6.1 The FSAR sufficiently describes shielding design features and design criteria for the 

structures, systems, and components important to safety. 
 
F6.2 Radiation shielding features of the HI-STORM UMAX Canister Storage System are 

sufficient to meet the radiation protection requirements of 10 CFR Part 20, 10 CFR 
72.104, and 10 CFR 72.106. 

 
F6.3 Operational restrictions to meet dose and ALARA requirements in 10 CFR Part 20, 10 

CFR 72.104 and 72.106 are the responsibility of each general licensee.  The HI-STORM 
UMAX Canister Storage System shielding features are designed to satisfy these 
requirements. 
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F6.4 The staff finds the design addresses construction activities involving excavation (for 
ISFSI expansion) adjacent to the (operating) HI STORM UMAX Canister Storage 
System sufficient to ensure that the shielding features will continue to be sufficient to 
meet the radiation protection requirements of 10 CFR Part 20, 10 CFR 72.104, and 10 
CFR 72.106. 

 
The staff concludes that the design of the radiation protection system of the HI-STORM UMAX 
Canister Storage System can be operated in compliance with 10 CFR Part 72 and that the 
applicable design and acceptance criteria have been satisfied.  The evaluation of the radiation 
protection system design provides reasonable assurance that the HI-STORM UMAX Canister 
Storage System will provide safe storage of spent fuel.  This finding is based on a review that 
considered the regulation itself, the appropriate regulatory guides, applicable codes and 
standards, the applicant’s analyses, the staff’s confirmatory analyses, and acceptable 
engineering practices. 
 
7 CRITICALITY EVALUATION 
 
The criticality review and evaluation ensures that SNF to be placed into the DSS remains 
subcritical under normal, off-normal, and accident conditions involving handling, packaging, 
transfer, and storage.  The criticality review is designed to fulfill the strategic outcome of no 
inadvertent criticality events, part of the strategic goal of safety described in the NRC’s strategic 
plan (NUREG-1614). 
 
For the staff’s criticality evaluation, the staff determined that the HI-STORM UMAX Canister 
Storage System design is identical to the NRC approved HI-STORM FW System in CoC No. 
1032.  Criticality safety was demonstrated during the CoC No. 1032 review, and there are no 
substantive differences applicable to the criticality evaluation between the two systems except 
for the storage module configuration, which is now below ground. 
 
As part of the review, the staff asked the applicant whether flooding of the MPC is a plausible 
scenario.  The applicant identified two unlikely independent events that would need to occur  
before a criticality event could be possible -  a flooding of the CEC concurrent with a failure of 
the MPC confinement boundary.  Under normal conditions, the interior of the MPC is dry and 
the inside of the CEC is dry.  Since during storage conditions the HI-STORM UMAX Canister 
Storage System is dry within the MPC, the maximum keff is significantly below the limiting 
maximum keff of 0.95 as demonstrated in the CoC No. 1032 evaluation.   
  
The applicant identified several scenarios that could lead to accumulation of water in the CEC, 
including underground sources of water and precipitation, and described the defense-in-depth  
of each scenario in their response to request for information (RAI) 6-1.  The applicant also 
addressed the potential for water to leak into the MPC assuming the failure of the CEC to 
remain dry in this RAI response, and indicated that the welding procedure to ensure the inert 
atmosphere (i.e., helium) remains in the MPC; the materials, manufacturing processes, closure 
procedure, and long term integrity of the MPC under storage conditions; and the physical 
protection of the MPC due to the underground configuration of the HI-STORM UMAX Canister 
Storage System, combined to make the potential for the MPC to allow an ingress of water to be 
highly unlikely.  The staff finds that failure of the MPC as identified by the applicant is highly 
unlikely.  Staff is, however, continuing to evaluate the generic issue of flooding  through a 
generic issue process.  
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The staff reviewed the applicant’s criticality safety analyses and determined that the applicant’s 
assessment on system criticality safety is consistent with the new review guidance of NUREG-
1536.  Based on its review, the staff finds the criticality safety assessment acceptable and that 
there is reasonable assurance that the HI-STORM UMAX Canister Storage System meets the 
regulatory requirements of 10 CFR Part 72 and the acceptance criteria specified for both intact 
and damaged fuel.  
 

7.1 Evaluation Findings 
 
In summary, the staff finds the following: 
 
F7.1  Structures, systems, and components ITS are described in sufficient detail in Chapters 

1, 2 and 6 of the HI-STORM UMAX Canister Storage System and HI-STORM FW MPC 
Storage System FSARs to enable an evaluation of their effectiveness. 

 
F7.2  The staff determined the cask and its spent fuel transfer systems are designed to be 

subcritical under all credible conditions. 
 
F7.3  The staff determined the criticality design is based on favorable geometry, and fixed 

neutron poisons.  An appraisal of the fixed neutron poisons has shown that they will 
remain effective for the term requested in the application.  The staff determined there is 
no credible way for the fixed neutron poisons to significantly degrade during the 
requested term in the application; therefore, there is no need to provide a positive means 
to verify their continued efficacy as required by 10 CFR 72.124(b). 

 
F7.4  The staff determined the applicant’s analysis and evaluation of the criticality design and 

performance have demonstrated that the cask will enable the safe storage of spent fuel 
with respect to criticality safety for the term requested in the application. 

 
The staff concludes that the criticality design features for the HI-STORM UMAX Canister 
Storage System are in compliance with 10 CFR Part 72, and that the applicable design and 
acceptance criteria have been satisfied.  The evaluation of the criticality design provides 
reasonable assurance that the HI-STORM UMAX Canister Storage System will allow safe 
storage of spent fuel.  These findings are reached on the basis of a review that considered the 
regulation itself, NUREG 1536, Rev.1, applicable codes and standards, and accepted 
engineering practices. 
 
8 MATERIALS EVALUATION 
 
The materials review ensures adequate material performance of components ITS of the HI-
STORM UMAX Canister Storage System, including the spent fuel canister or cask, under 
normal, off-normal, and accident-level conditions.  To ensure an adequate margin of safety in 
the design basis of the HI-STORM UMAX Canister Storage System, the review determined that 
there is reasonable assurance that: 
 

• The physical, chemical, and mechanical properties of materials for components ITS 
meet their service requirements including normal, off normal and accident-level 
conditions. 
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• Materials for components ITS have sufficient requirements to control the quality of the 
production, fabrication, and test activities. 

 
• Materials for ITS components are selected to accommodate the effects of, and to be 

compatible with, the ISFSI site characteristics, environmental conditions, and duration of 
the license period. 

 
• The SNF cladding is protected from gross rupture and from conditions that could lead to 

fuel redistribution. 
 

• The HI-STORM UMAX Canister Storage System is designed to maintain the spent fuel 
in a readily retrievable condition. 

 
• Other materials which support or protect ITS components (such as coatings) are suitable 

for the application. 
 
The staff states the HI-STORM UMAX Canister Storage System incorporates the use of 
Metamic HT for the fuel basket structure.  The remaining materials used in the fabrication of the 
HI-STORM UMAX Canister Storage System have been used in previously staff-reviewed 
storage system designs.  There are no changes to the various other materials used to fabricate 
the HI-STORM UMAX Canister Storage System from those previously reviewed and approved 
in other storage system designs, therefore evaluation is  provided for the HI-STORM UMAX 
VVM.  The HI-STORM UMAX Canister Storage System VVM is similar to the HI-STORM 100U 
VVM approved in CoC No. 72-1014.  The major differences between the HI-STORM UMAX and 
HI-STORM 100U VVM are that the HI-STORM UMAX VVM cavity is larger in diameter and the 
HI-STORM UMAX closure lid features a modified outlet ventilation duct system.  In addition, the 
HI-STORM UMAX VVM is the underground equivalent of the HI-STORM FW overpack 
approved in CoC No. 72-1032. 
 

8.1 HI-STORM UMAX Canister Storage System Materials 
 
8.1.1 Metamic HT Spent Fuel Basket: 
 
Metamic HT is a Holtec proprietary aluminum-based material intended for dual purpose use in 
the HI-STORM UMAX spent fuel basket.  Metamic HT is designed to be both a neutron poison 
for criticality control and a load-bearing structural material.  Metamic-HT is a powder metallurgy 
material composed of aluminum combined with aluminum oxide and boron carbide (Holtec uses 
the terminology metal matrix composite (MMC) to generically describe Metamic HT).  The 
aluminum oxide is a finely dispersed second-phase particle that provides enhanced room 
temperature and elevated temperature (creep) strength.  The boron carbide is the neutron 
poison used for criticality control.  The neutronic properties of Metamic HT are essentially 
identical to previously reviewed classical Metamic.  The staff finds the composition and 
properties of Metamic HT to be unique; however the applicants test program was 
comprehensive in scope and supported the wide variety of property data for characterizing 
Metamic HT.  Using the guidance of ASME Code, Section II, Appendix 5, Holtec determined 
mechanical properties at various temperatures.  Material properties are discussed in Section 8.4 
of the application.  The staff reviewed all materials selected and determined that they are 
acceptable and provide reasonable assurance for safety of the package based on 
specifications, temperature dependent mechanical properties, including yield strength, tensile 
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strength, allowable strength, modulus of elasticity, and coefficient of thermal expansion 
conforming to ASME Code requirements.  
 
METAMIC-HT CORROSION RESISTANCE: 
 
The applicant concluded that Metamic HT has more than adequate corrosion resistance for the 
intended service.  Metamic HT was tested for compatibility with borated water, as would be 
typical for cask loading and unloading conditions.  Aluminum alloys are very slightly corroded by 
borated water and Metamic HT performed similar to other aluminum-based materials in 
immersion tests.   Based upon the applicant’s anslysis, the staff confirms  that Metamic HT is 
not susceptible to chemical and/or galvanic reactions under conditions discussed above, , its 
dry, inert environment during storage, and its isolated contact with surrounding internal canister 
materials.   
 
Thus, the staff concludes that applicant’s use of Metamic HT is in accordance with 10 CFR 
72.120(d), and  that the applicant has met the requirements of 10 CFR 72.124 in that the .  
materials used for criticality control are adequately designed and specified to perform their 
intended function. 
 
8.1.2 Cavity Enclosure Container (CEC) Portion of the Vertical Ventilation Module 

(VVM): 
 
The CEC is discussed in Section 1.2.2 and corrosion mitigation in Section 8.7 of the application. 
The staff states the CEC portion of the VVM is not part of the MPC containment boundary, and 
may be exposed to the extent where localized in-leakage of groundwater occurs. 
 
The applicant evaluated soil corrosivity, a "10 point" soil-test evaluation procedure, in 
accordance with  ANSI, Appendix A, standard for Polyethylene Encasement for Ductile-Iron 
Pipe Systems", ANSI/American Water Works Association (AWWA) C105/A21.  The  soil 
evaluation criteria in this standard focuses on parameters such as: resistivity, pH, redox 
(oxidation-reduction) potential, sulfides, moisture content, potential stray current, and 
experience with existing installations in the area.  ISFSI soil environment corrosivity is 
categorized as either "mild" for a soil test evaluation resulting in 9 points or less or "aggressive" 
for a soil test evaluation resulting in 10 points or greater.  For mild corrosivity an exterior coating 
with either concrete encasement or cathodic protection or both is used and for aggressive 
corrosivity an exterior coating with cathodic protection is used, concrete encasement is optional. 
 
Based upon the information presented in the application, the staff concludes  that the VVM is an 
ITS buried structure and susceptible to distinctive corrosion conditions as compared to an 
above-ground steel structure.  Corrosion mitigation of the exterior of the CEC necessitates 
consideration due to inaccessibility of the exterior coated surface following installation, potential 
for a highly corrosive soil environment at certain sites, and potential for a high radiation field. 
The buried configuration will not allow for the inspection and re-application of surface 
preservation. The staff finds, based on the 10 point test discussed above, Appendix A of the 
FSAR, which provides  procedures for soil survey tests, observations and their interpretation, 
provides reasonable assurance as part of corrosion mitigation measures that the VVM will meet 
intended design life and perform intended safety functions.  
 
8.1.3 Coatings: 
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Coatings are discussed in Section 8.7 of the FSAR.  The applicant states that in addition to a 
corrosion allowance for the CEC structural steel itself, the CEC is coated with a radiation 
resistant surface preservative designed for below-grade and/or immersion service.  Inorganic 
and/or metallic coatings are sufficiently radiation resistant for this application; therefore radiation 
testing is not required for inorganic or metallic coatings.  Organic coatings such as epoxy, 
however, must have proven radiation resistance or must be tested without failure to at least 
1x10E7 Rad.  Radiation resistance to lower radiation levels is acceptable on a site-specific 
basis. 
 
The applicant states that radiation testing is performed in accordance with ASTM D 4082, 
"Standard Test Method for Effects of Gamma Radiation on Coatings for Use in Light Water 
Nuclear Power Plants", or equivalent.  The coating should be conservatively treated as a service 
Level II coating as described in USNRC Regulatory Guide 1.54.  As such, the coating will be 
subjected to appropriate quality assurance in accordance with the applicable guidance provided 
by ASTM D 3843-00, "Standard Practice for Quality Assurance for Protective Coatings Applied 
to Nuclear Facilities". 
 
The applicant states that the preference is for the coating to  be shop applied in accordance with 
manufacturer instructions and, if appropriate, applicable guidance from ANSI C 210-03, 
"Standard Practice for Liquid-Epoxy Coating Systems for the Interior and Exterior of Steel Water 
Pipelines" will be used.  A Keeler & Long polyamide-epoxy coating, according to the 
manufacturer's product data sheet, is pre-tested to radiation levels up to 1x10E9 Rad without 
failure. 
 
Alternative coatings may be selected by Holtec on the basis of pre-established criteria which are 
provided in FSAR Chapter 8.  These criteria include consideration of various environmental 
conditions along with a ranking of their relative importance.  The Keeler & Long epoxy meets all 
the criteria and is the standard coating for use. 
 
8.1.4 Concrete Encasement 
 
Concrete encasement is discussed in Section 8.7 of the FSAR.  The applicant states that the 
CEC concrete encasement will provide a minimum of 5 inches of cover to provide a pH buffering 
effect for additional corrosion mitigation.  The 5-inch minimum thickness is conservative when 
compared to ACI 318, which recommends up to 3 inches of concrete cover over steel 
reinforcement in aggressive environments.  The concrete encasement is restricted to mild soil 
environments (unless used in conjunction with cathodic protection) and has a non-structural 
role.  The applicant asserts that the 5-inch concrete encasement thickness is considered more 
than sufficient to provide reasonable assurance that a 60-year service life can be achieved.  
Regardless of reinforcement method, according to the application, the material selected will be 
corrosion-resistant or otherwise appropriately coated (e.g., epoxy coated steel wire) for 
corrosion resistance.  The concrete encasement shall be installed in accordance with guidance 
from ACI 318 for commercial concrete).  Installation procedures will address mix designs, 
testing, mixing, placement, and reinforcement, with the aim to enhance concrete durability and 
minimize voids and micro-cracks. 
 
The staff states that this design, as described above, provides for conservative assumptions 
which the staff finds acceptable because  the thickness specified for the concrete in TS 
Appendix B, Table 3-4, is greater than that specified by several recognized codes or references 
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that are based upon a 20 year minimum design life.  Thus, a working life of greater than 20 
years is reasonably assured.   
 
Reinforcement is often avoided in structures where the primary purpose is radiation shielding 
because the presence of reinforcement bars can create unintended voids in the concrete, 
leading to a deficient radiation shield.  However, in the case of the CEC, the primary shielding is 
accomplished by the soil backfill.  The staff finds that the purpose of the HI-STORM UMAX 
concrete encasement is to mitigate any corrosive effects from the soil, not provide for radiation 
shielding.   
 
8.1.5 Impressed Current Cathodic Protection System (ICCPS) 
 
ICCPS is discussed in Section 8.7 of the application.  According to the applicant,  if the 
subgrade around the CEC is highly aggressive and warrants an ICCPS then the user may 
choose to either extend an existing ICCPS to protect the installed ISFSI, or to establish an 
autonomous system. The application indicates that he initial startup of the ICCPS is to occur 
within one year after installation of the VVM to ensure timely corrosion mitigation. In addition, 
the application indicates that the ICCPS should be maintained operable at all times after initial 
startup except for system shutdowns due to power outages, repair or preventive maintenance 
and testing, or system modifications. 
 
Although there are a multitude of ISFSI variables that will affect the design of the ICCPS for a 
particular site, the essential criteria for its performance and operational characteristics are 
established in the FSAR and will be applied by users   as required by 10 CFR 
72.212(b)(2)(ii)(3). 
 
Based upon the information described above, the staff finds that the ICCPS provides 
reasonable assurance that  the aggressive corrosion conditions of some soils will not cause 
degradation of the CEC (including the bottom plate) to the extent that the CEC structural 
integrity is affected or allow in-leakage of ground water into the storage cavity.  The staff finds 
that the surveillance and maintenance programs outlined in the FSAR are acceptable for 
establishing the continued integrity of the CEC because they are consistent with industry and 
ASME Code guidelines.  Additionally, the staff’s conclusion is based upon appropriate TS 
requirements in Appendix B, Section 3 that have been established for the ICCPS. 
 
8.1.6 Other Materials of Construction 
 
The balance of the HI-STORM UMAX Canister Storage System is fabricated from materials 
which have all been previously evaluated by the staff for their suitability in storage applications.  
The bill of materials in FSAR drawings and FSAR Chapter 8 provide details of each material 
type and specification.  All the materials have been previously reviewed and employed for staff 
approved 10 CFR Part 71 transportation CoCs, but a brief discussion of materials related 
findings from prior staff evaluations are summarized below for information. 
 
8.1.7 Confinement Boundary 
 
The fuel canister confinement is fabricated from one of several ASME grades of austenitic 
stainless steel, referred to by the applicant as “Alloy X”.  Alloy X assumes the least favorable 
property characteristics from among the several materials grades specified.  These properties 
are used for all design calculations.  The purpose of assuming the least favorable property 
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characteristics from among the several material grades specified is to allow for free interchange 
of the several grades of stainless steel.  This provides the applicant with procurement flexibility 
while complying with all required design properties.  This method of allowing for material 
substitution has been previously reviewed by the staff in CoC’s Nos. 1014 and 1032 and found 
to be acceptable.  The use of austenitic stainless steel also means that the fuel canister is 
resistant to brittle fracture issues. 
 
8.1.8 Gamma and Neutron Shield 
 
As described by the applicant, steel, concrete, and the subgrade are the principal shielding 
materials in the HI-STORM UMAX.  The steel and concrete shielding materials in the Closure lid 
provide additional gamma and neutron attenuation to reduce dose rates.  Steel, lead, and water 
are the principal shielding materials in the HI-TRAC transfer cask.  The combination of these 
three shielding materials ensures that the radiation and exposure objectives of 10CFR72.106 
and ALARA are met.  As explained by the applicant, the extent and location of shielding in the 
transfer cask plays an important role in minimizing the personnel doses during loading, 
handling, and transfer.  The MPC fuel basket structure provides the initial attenuation of gamma 
and neutron radiation emitted by the radioactive contents.  The MPC shell, baseplate, and thick 
lid provide additional gamma attenuation to reduce direct radiation. 
 
Gamma and neutron shield materials in the HI-STORM UMAX VVM system are discussed in 
Section 1.2.  The primary shielding materials used in the HI-STORM UMAX VVM system, as 
listed in Table 8.1.3, are plain concrete, reinforced concrete, and steel.  The plain concrete 
provides the main shielding function in the HI-STORM UMAX lids to minimize sky shine. 
 
Shielding materials are discussed in Section 1.2 of the application.  The applicant states that the 
radiation shield (concrete over pack) is composed primarily of un-reinforced concrete with a 
carbon steel liner plate on the inside.  Since the overpack has no structural role, the applicant 
asserts that the lack of reinforcing steel is not a detriment.  The lack of reinforcing steel is a 
deliberate exclusion in order to avoid the possibility of interior voids in the concrete which would 
degrade the shielding performance.  This type of construction has been approved by the staff 
previously in CoC No. 1014 and found to be satisfactory in service at numerous installations.  
For the design service conditions, the applicant stated there are no conditions that will result in a 
degradation of the materials performance for the duration of the license period.  Based upon 
prior staff approvals and industry experience with these materials, the staff finds that there is 
reasonable assurance that the materials will perform their intended function for 40 years of 
service with no loss of performance or adverse degradation for these materials and this specific 
design.  
 
8.1.9 Weld Material 
 
The applicant has stated that weld filler materials utilized in the welding of the confinement 
boundary comply with the provisions of the appropriate ASME subsection.  Non-code welds 
(e.g. not important to safety) are made using weld procedures that meet the ASME Code 
Section IX, AWS D1.1, D.1.2 or equivalent.  Non-destructive examinations comply with ASME 
Code, Section V, with acceptance criteria as specified by the code of construction for the 
specific component.  The staff finds this acceptable as it meets the guidance of NUREG 1536, 
Rev. 1, and is consistent with practices previously approved by the staff in CoC No. 1032.  
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8.1.10 Chemical, Galvanic, or Other Reactions 
 
The applicant has stated that the MPC is dried and helium backfilled to eliminate any credible 
corrosion from moisture and oxidizing gasses.  Therefore, chemical, galvanic or other reactions 
involving the cask materials are minimal or unlikely.  Because the HI-STORM UMAX MPCs 
employ materials that are compatible with wet and dry SNF loading and unloading operations 
and facilities, the staff finds that the applicant has met the requirements of 10CFR 72.236(h).  
The staff confirmed the designed features and concluded that these materials will not degrade 
over time or react with one another during environmental conditions of storage.  
 

8.2 CORROSION MITIGATION 
 
According to the application, the corrosion mitigation methods described in the FSAR have a 
support role to an ITS system (the CEC portion of the VVM) and are required as a result of the 
unique design features and corrosion environment associated with underground structures.  
Since the ITS portions of the CEC are not normally accessible for routine inspection, certain 
parameters of the cathodic protection system are incorporated into the technical specifications.  
This ensures, through operational monitoring, that the cathodic protection system is performing 
as designed and that no degradation of the CEC is occurring.  The application explains that 
operational history becomes the alternative to direct inspection, hence the requirement for 
technical specification control of an otherwise not-safety-related system.  In the event of 
unforeseen questions about the efficacy of the cathodic protection system (or other component 
of the corrosion mitigation measures) the CEC structure may be examined by means of 
ultrasonic inspection (UT) from the inside of a CEC cell where there is no fuel canister yet 
installed, by remote means in a cell where a spent fuel canister is installed, or, a cell from which 
the canister has been removed to allow inspection. 
 
The staff finds that the applicant has specified in sufficient detail the design and operational 
parameters for an effective corrosion mitigation program for a range of potential environments.  
Additionally, operation and control of a cathodic protection system is placed into TS Appendix B, 
Section 3, to ensure reliable operation of this system in the place of a routine inspection of the 
protected ITS components of the CEC. 
 

8.3 Conclusion: (Other Materials of Construction) 
 
Since the materials of construction for the balance of the storage canister have been previously 
reviewed for acceptability, and since the conditions of use are unchanged, the staff finds that 
the materials are acceptable for their specified uses. 
 
The HI-STORM UMAX Canister Storage System and HI-STORM FW Cask System FSARs, 
Chapter 8, adequately describes the materials used for SSCs ITS and the suitability of those 
materials for their intended functions is sufficient detail to evaluate their effectiveness. 
 
The applicant has met the requirements of 10 CFR 72.122(a).   The material properties of SSCs 
important to safety conform to quality standards commensurate with their safety function. 
 
The applicant has met the requirements of 10 CFR 72.122(h)(1) and 72.236(h).  The design of 
the DSS and the selection of materials adequately protect the SNF cladding against degradation 
that might otherwise lead to damaged fuel. 
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The applicant has met the requirements of 10 CFR 72.236(h) and 72.236(m).  The material 
properties of SSCs ITS will be maintained during normal, off-normal, and accident conditions of 
operation so the SNF can be readily retrieved without posing operational safety problems. 
 
The applicant has met the requirements of 10 CFR 72.236(g).  The material properties of SSCs 
ITS will be maintained during all conditions of operation so the SNF can be safely stored for the 
minimum required years and maintenance can be conducted as required. 
 

8.4 Evaluation Findings 
 
F8.1 The staff concludes the material properties of the structures, systems, and components 

of the HI-STORM UMAX Canister Storage System are in compliance with 10 CFR Part 
72, and that the applicable design and acceptance criteria have been satisfied.  The 
evaluation of the material properties provides reasonable assurance the cask will allow 
safe storage of SNF.  This finding is reached on the basis of a review that considered 
the regulation itself, appropriate regulatory guides, applicable code requirements and 
standards, and accepted engineering practices. 

 
9 OPERATING PROCEDURES EVALUATION 

 
The operating procedures review ensures that the applicant’s FSAR presents acceptable 
operating sequences, guidance, and generic procedures for identified key operations.  The 
review also ensures that the FSARs incorporate and are compatible with the applicable 
operating control limits in the TS. 
 

9.1 Areas of Review 
 
The HI-STORM UMAX and HI-STORM FW FSARs were reviewed and the following operations 
were acceptably addressed: 
 
Loading Operations 

Fuel Specifications  
Damaged Fuel 
Subcriticality Features 
ALARA 
Offsite Releases 
Draining and Drying 
Filling and Pressurization 
Welding and Sealing 
Administrative Programs 

 
Cask Handling and Storage Operations 
 
Cask Unloading 

Damaged Fuel 
Cooling, Venting, and Reflooding 
Fuel Crud 
ALARA 
Offsite Release 
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9.2 Staff Evaluation  
 
The staff concludes that the generic procedures and guidance for operation of the HI-STORM 
UMAX Canister Storage System are in compliance with 10 CFR Part 72 and that the applicable 
acceptance criteria have been satisfied.  The evaluation of the operating procedure descriptions 
provided in the FSARs offer reasonable assurance that the system will enable safe storage of 
spent fuel.  This finding is based on a review that considered the regulations, appropriate 
regulatory guides, applicable codes and standards, and acceptable practices.   
 

9.3 Evaluation Findings 
 
F9.1 The HI-STORM UMAX Canister Storage System can be wet loaded and unloaded.  

General procedure descriptions for these operations are summarized in Chapter 9 of the 
HI-STORM UMAX Canister Storage System and HI-STORM FW Cask System FSARs.  
Detailed procedures are developed and evaluated by general licensees on a site-specific 
basis. 

 
F9.2 The welded MPC allows for ready retrieval of the spent fuel for further processing or 

disposal as required. 
 
F9.3 The general operating procedures are designed to prevent contamination of the MPCs 

and facilitate decontamination of the storage module.  Routine decontamination will be 
necessary after the cask is removed from the spent fuel pool. 

 
F9.4 No significant radioactive effluents are produced during storage.  Any radioactive 

effluents generated during the cask loading and unloading will be governed by the 10 
CFR Part 50 license conditions. 

 
F9.5 The general operating procedures described in the FSARs are adequate to protect 

health and minimize danger to life and property.  Detailed procedures are developed and 
evaluated by general licensees at their sites. 

 
F9.6 Section 11 of the FSAR assesses the operational restrictions to meet the limits of 10 

CFR Part 20.  Additional site-specific restrictions may also be established by the site 
licensee. 

 
F9.7 The staff concludes that the generic procedures and guidance for the operation of the 

UMAX Canister Storage System are in compliance with 10 CFR Part 72 and that the 
applicable acceptance criteria have been satisfied.  The evaluation of the operating 
procedure descriptions provided in the FSARs offers reasonable assurance that the cask 
will enable safe storage of spent fuel.  This finding is based on a review that considered 
the regulations, appropriate regulatory guides, applicable codes and standards, and 
accepted practices. 

 
10 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM 
 
The specific discipline acceptance tests and maintenance programs are evaluated by specific 
disciplines in sections 3 through 8 of this SER.  The results of the evaluation are captured in 
their applicable sections. 
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11 ACCIDENT ANALYSIS EVALUATION 
 
The specific discipline accident analyses are evaluated in sections 3 through 9 of this SER.  The 
results of the evaluation are captured in their applicable sections. 
 
12 TECHNICAL SPECIFICATION S AND OPERATING CONTROLS AND LIMITS 

EVALUATION 
 

12.1 Objective 
 
The technical specifications and operating controls and limits review ensures that the operating 
controls and limits of the TS, including their bases and justification, meet the requirements of  
10 CFR Part 72.  The evaluation is based on information provided by the applicant in the  
HI-STORM UMAX Canister Storage System and HI-STORM FW MPC System FSARs Chapter 
13 as well as accepted practices and any commitments discussed in other chapters of the 
FSARs.   
 

12.2 Evaluation Findings 
 
F.12.1 The staff concludes that the conditions for use of the HI-STORM Canister Storage 

System identify necessary TS to satisfy 10 CFR Part 72 and that the applicable 
acceptance criteria have been satisfied.  The TS provide reasonable assurance that the 
cask will provide for safe storage of spent fuel.  This finding is reached on the basis of a 
review that considered the regulation itself, appropriate regulatory guides, applicable 
codes and standards, and accepted practices. 

 
13 QUALITY ASSURANCE EVALUATION 
 
The purpose of this review and evaluation is to determine whether Holtec has a quality 
assurance (QA) program that complies with the requirements of 10 CFR Part 72, Subpart G.  
Holtec’s QA program has been previously evaluated in the review of the HI-STORM 100 Cask 
system, CoC No. 1014, and HI-STORM FW MPC System, CoC No. 1032, applications and 
subsequent amendments.   
 

13.1 Areas Reviewed 
 
QA Organization 
QA Program 
Design Control 
Procurement Document Control 
Instructions, Procedures, and Drawings 
Document Control 
Control of Purchased Material, Equipment, and Services 
Identification and Control of Materials, Parts, and Components 
Control of Special Processes 
Licensee Inspection 
Test Control 
Control of Measuring and Test Equipment 
Handling, Storage, and Shipping Control 
Inspection, Test, and Operating Status 
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Nonconforming Materials, Parts, or Components 
Corrective Action 
QA Records 
Audits 
NUREG-1536, Revision 1 provides the criteria for evaluating the above 18 areas.  In a number 
of cases, the description of, or actions to be taken by, personnel involved in quality activities 
were incorporated by reference to the applicable sections of the Holtec’s Quality Assurance 
Manual (HQAM).  It was therefore necessary to review such referenced sections in the HQAM 
to determine whether the QA program, as submitted, met the requirements of 10 CFR Part 72, 
Subpart G.  While this evaluation determined that the QA program is acceptable, proper 
implementation of the QA program will be assessed during future NRC inspections. 
 

13.2 Evaluation Findings 
 
F13.1 The QA program describes the requirements, procedures, and controls that, when 

properly implemented, comply with the requirements of 10 CFR Part 72, Subpart G, and 
10 CFR Part 21, Reporting of Defects and Noncompliance. 

 
F13.2 The structure of the organization and assignment of responsibility for each activity 

ensure that designated parties will perform the work to achieve and maintain specified 
quality requirements. 

 
F13.3 Conformance to established requirements will be verified by qualified personnel and 

groups not directly responsible for the activity being performed.  These personnel and 
groups report through a management hierarchy which grants the necessary authority 
and organizational freedom and provides sufficient independence from economic and 
scheduling influences. 

 
14 CONCLUSIONS 
 
Based on its review of the FSAR and supporting documentation, the staff has determined that 
there is reasonable assurance that: (i) the activities authorized by the HI-STORM Canister 
Storage System, CoC No. 1040 can be conducted without endangering the health and safety of 
the public and (ii) these activities will be conducted in compliance with the applicable regulations 
of 10 CFR Part 72.  The staff has further determined that the issuance of the amendment will 
not be inimical to the common defense and security.  Therefore, CoC No. 1040 should be 
approved. 
 
Principle contributors: Jeremy Smith, Dr. Jorge Solis, Dr. Jimmy Chang, Eli Goldfiez, Jason 
Piotter, David Tarantino, John Goshen, P.E. 
 
Dated:  April 2, 2015 
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SUMMARY: The U.S. Nuclear Regulatory 
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the Holtec International HI–STORM 
Underground Maximum Capacity 
(UMAX) Canister Storage System, 
Certificate of Compliance (CoC) No. 
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I. Background 
Section 218(a) of the Nuclear Waste 

Policy Act (NWPA) of 1982, as 
amended, requires that ‘‘the Secretary 
[of the Department of Energy] shall 
establish a demonstration program, in 
cooperation with the private sector, for 
the dry storage of spent nuclear fuel at 
civilian nuclear power reactor sites, 
with the objective of establishing one or 
more technologies that the [Nuclear 
Regulatory] Commission may, by rule, 
approve for use at the sites of civilian 
nuclear power reactors without, to the 
maximum extent practicable, the need 
for additional site-specific approvals by 

the Commission.’’ Section 133 of the 
NWPA states, in part, that ‘‘[the 
Commission] shall, by rule, establish 
procedures for the licensing of any 
technology approved by the 
Commission under Section 219(a) [sic: 
218(a)] for use at the site of any civilian 
nuclear power reactor.’’ 

To implement this mandate, the 
Commission approved dry storage of 
spent nuclear fuel in NRC-approved 
casks under a general license by 
publishing a final rule in part 72 of Title 
10 of the Code of Federal Regulations 
(10 CFR), which added a new subpart K 
within 10 CFR part 72 entitled, ‘‘General 
License for Storage of Spent Fuel at 
Power Reactor Sites’’ (55 FR 29181; July 
18, 1990). This rule also established a 
new subpart L within 10 CFR part 72 
entitled, ‘‘Approval of Spent Fuel 
Storage Casks,’’ which contains 
procedures and criteria for obtaining 
NRC approval of spent fuel storage cask 
designs. 

The NRC published a direct final rule 
on this amendment in the Federal 
Register on September 9, 2014 (79 FR 
53281). The NRC also concurrently 
published an identical proposed rule on 
September 9, 2014 (79 FR 53352). The 
NRC received at least one comment that 
is treated as a significant adverse 
comment on the proposed rule; 
therefore, the NRC withdrew the direct 
final rule on November 19, 2014 (79 FR 
68763), and is proceeding, in this 
document, to address the comments on 
the proposed rule (see Section III, Public 
Comment Analysis, of this document). 

II. Discussion of Changes 

By letter dated June 29, 2012, and as 
supplemented on July 16 and November 
20, 2012; January 30, April 2, April 19, 
June 21, August 28, December 6, and 
December 31, 2013; and January 13, and 
January 28, 2014, Holtec International 
submitted an application to add the HI– 
STORM UMAX Canister Storage System 
to the list of approved spent fuel storage 
casks in 10 CFR part 72. The HI– 
STORM UMAX Canister Storage System 
is a spent fuel storage system designed 
to be in full compliance with the 
requirements of 10 CFR part 72. Holtec 
International’s intent with this design is 
to provide an underground storage 
option compatible with the Holtec 
International HI–STORM FW System as 
described in the Final Safety Analysis 
Report (FSAR) for the HI–STORM FW 
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System. The underground structure 
system is described in the FSAR for the 
HI–STORM UMAX Canister Storage 
System. The HI–STORM UMAX 
Canister Storage System stores a 
hermetically sealed canister containing 
spent nuclear fuel (SNF) in an in-ground 
vertical ventilated module (VVM). The 
HI–STORM UMAX Canister Storage 
System is designed to provide long-term 
underground storage of loaded multi- 
purpose canisters (MPC) previously 
certified for storage in CoC No. 1032. 
The HI–STORM UMAX VVM is the 
underground equivalent of the HI– 
STORM FW storage module. Although 
the storage cavity dimensions and the 
air ventilation system in the HI–STORM 
UMAX VVM have been selected to 
enable it to also store all MPCs certified 
for storage in the HI–STORM 100 
storage module, CoC No. 1040 does not 
approve the storage of all MPCs certified 
for storage in the HI–STORM 100 
storage module in the HI–STORM 
UMAX VVM at this time. The HI– 
STORM UMAX Canister Storage System 
can store either Pressurized Water 
Reactor or Boiling Water Reactor fuel 
assemblies in the MPC–37 or MPC–89 
models, respectively. The number 
associated with the MPC is the 
maximum number of fuel assemblies the 
MPC can contain in the fuel basket. The 
external diameters of the MPC–37 and 
MPC–89 are identical to allow the use 
of a single storage module design, 
however the height of the MPC, as well 
as the storage module and transfer cask, 
are variable based on the SNF to be 
loaded. 

As documented in the safety 
evaluation report (SER), the NRC staff 
performed a detailed safety evaluation 
of the proposed CoC request submitted 
by Holtec International. 

The HI–STORM UMAX Canister 
Storage System, when used under the 
conditions specified in the CoC, the 
Technical Specifications (TSs), and the 
NRC’s regulations, will meet the 
requirements of 10 CFR part 72; 
therefore, adequate protection of public 
health and safety will continue to be 
ensured. When this final rule becomes 
effective, persons who hold a general 
license under 10 CFR 72.210 may load 
spent nuclear fuel into HI–STORM 
UMAX Canister Storage Systems that 
meet the criteria of CoC No. 1040 under 
10 CFR 72.212. 

III. Public Comment Analysis 

The NRC received multiple comments 
from private citizens on the companion 
proposed rule to the direct final rule 
published on September 9, 2014. The 
NRC has not made any changes to the 

proposed rule as a result of the public 
comments the NRC has received. 

Summary of Comments 
The NRC received almost a dozen 

comments on the proposed rule, many 
raising multiple and overlapping issues. 
Because the NRC received at least one 
comment that it is treating as a 
significant adverse comment on the 
proposed rule (raising issues the NRC 
deemed serious enough to warrant a 
substantive response to clarify the 
record), the NRC withdrew the direct 
final rule and is responding to the 
comments here. Other comments were 
not treated as significant adverse 
comments because, in most instances, 
they were beyond the scope of this 
rulemaking. Nonetheless, in addition to 
responding to the issues raised in the 
comments treated as significant adverse 
comments, the NRC is also taking this 
opportunity to respond to some of the 
issues raised in the comments that are 
beyond this scope of this rulemaking in 
order to clarify information about the 
CoC rulemaking process related to the 
comments received. 

Aging Management Programs 
Many of the comments the NRC 

received questioned the fact that aging 
management programs (AMPs) were not 
being established for this CoC system. 
Commenters noted that the NRC has not 
yet issued the revision to NUREG–1927 
(‘‘Standard Review Plan for Renewal of 
Spent Fuel Dry Cask Storage System 
Licenses and Certificates of 
Compliance’’), which is currently being 
updated to include information 
regarding AMPs, among other things. 
The comments stated that the approval 
of this CoC system, ‘‘should be put on 
hold until after the revised NUREG– 
1927 is final and any appropriate aging 
management issues are addressed in this 
CoC.’’ 

The comments questioned some 
specific example AMPs discussed at 
public meetings, including questions 
regarding an example AMP for Chloride- 
Induced Stress Corrosion Cracking Tests 
(seismic concerns and sampling size), as 
well as the absence of an AMP given 
issues with damaged fuels and the 
‘‘unknowns of extended storage with 
high burnup fuel.’’ In sum, these 
commenters felt that approval of CoCs, 
such as this one, should await the 
formulation and approval of aging 
management programs. 

Response 
These comments are outside the scope 

of this rulemaking which is limited to 
amending the spent fuel storage 
regulations by adding the UMAX 

Canister Storage System, CoC No. 1040, 
to the ‘‘List of approved spent fuel 
storage casks’’ in 10 CFR 72.214. This 
rulemaking is not making any changes 
to the regulations governing the 
standards for approval of a CoC. 

The CoC for the HI–STORM UMAX is 
being issued for 20 years in accordance 
with 10 CFR part 72. According to the 
NRC staff’s SER published in the 
Federal Register under Docket ID NRC– 
2014–0120, the staff has determined that 
the use of the HI–STORM UMAX 
Canister Storage System will be 
conducted in compliance with the 
applicable regulations of 10 CFR part 
72, and the CoC should be approved for 
the initial 20-year term. There are 
currently no technical or regulatory 
requirements for the inclusion of AMPs 
for the initial 20-year CoC term. AMPs 
are required for spent fuel storage cask 
renewal which allows storage beyond 20 
years, as provided in 10 CFR 72.240. 
The current regulatory requirements 
provide the necessary defense in depth 
for safe storage of spent nuclear fuel for 
at least 20 years. 

Based on the regulations in 10 CFR 
part 72, an AMP will be required to be 
included in any renewal application for 
the HI–STORM UMAX Canister Storage 
System, for a duration beyond the initial 
20-year term. The renewal application, 
if filed, will be required to comply with 
the applicable regulations, and consider 
applicable NRC aging management 
guidance available at the time of 
submittal. While NUREG–1927 may 
prove useful to applicants seeking to 
renew a CoC, because it does not 
provide guidance regarding applications 
seeking initial approval of certificates, 
there is no reason to await the guidance 
before proceeding with the addition of 
this system to the 10 CFR part 72 
regulations. 

Inspection Access 
Several comments also questioned the 

ability of the underground storage 
system to be adequately inspected and 
potentially repaired if necessary during 
the initial certification period of 20 
years, especially if the system was being 
used in a coastal environment where 
stress corrosion cracking could be an 
issue. 

Response 
The NRC is treating this comment as 

a significant adverse comment 
warranting clarification of the record. 
The NRC has evaluated the design of the 
HI–STORM UMAX Canister Storage 
System and has determined that the 
design is robust, and contains numbers 
of layers of acceptable confinement 
systems in compliance with 10 CFR part 
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72 requirements. In addition, the staff is 
not aware of empirical evidence that 
supports a finding that surveillance 
would be required in the initial 
certification period of the proposed 
CoC. This evaluation is documented in 
the NRC staff’s SER under Docket ID 
NRC–2014–0120. 

Furthermore, the NRC has evaluated 
the susceptibility to and effects of stress 
corrosion cracking and other corrosion 
mechanisms on safety significant 
systems for SNF dry cask storage (DCS) 
systems during an initial certification 
period. The staff has determined that 
the HI–STORM UMAX Canister Storage 
System, when used within the 
requirements of the proposed CoC, will 
safely store SNF and prevent radiation 
releases and exposure consistent with 
regulatory requirements. 

Seismic Protection 

Several comments also raised 
concerns regarding the ability of this 
CoC system to withstand seismic events, 
particularly if the system were to be 
used at specific sites with known 
seismic activity, such as San Onofre 
Nuclear Generating Station (SONGS). 

Response 

The NRC is treating this comment as 
a significant adverse comment 
warranting clarification of the record. 
This rulemaking would add a CoC 
system to the list of approved spent fuel 
storage casks in 10 CFR 72.214. The 
certification provided by this approval 
does not, in and of itself, authorize use 
of this system at any specific site. 
Instead, general licensees (a power 
reactor that stores spent fuel under a 
general Part 72 license) that wish to use 
this system must first ensure that other 
applicable requirements are met. (See 10 
CFR 72.212). 

The seismic design levels of the HI– 
STORM UMAX Canister Storage System 
as provided in this CoC are acceptable 
for most areas in the continental U.S. 
For locations that have potential seismic 
activity beyond those analyzed for this 
system, additional evaluations and 
certifications may be required before the 
system may be used in those locations. 
The NRC is currently evaluating an 
amendment request to the HI–STORM 
UMAX Canister Storage System that 
provides additional analysis intended to 
ensure the system’s integrity during an 
earthquake with higher seismic 
demands, including the seismic 
demands at the location of SONGS. If 
the NRC approves that amendment 
request, the amended system could be 
selected for use at SONGS, provided 
regulatory requirements are met. 

Bankruptcy 

A comment also raised questions 
about the implications of the potential 
bankruptcy of corporations that seek 
CoC approvals. 

Response 

This comment is outside the scope of 
this rulemaking. This rulemaking would 
add a certified system to the list of spent 
fuel systems in 10 CFR 72.214 and does 
not seek to alter the standards for 
approval of a CoC system. In any event, 
NRC regulations in 10 CFR part 72 
address the financial viability of 
licensees to ensure spent fuel 
management and decommissioning are 
funded. Pursuant to NRC requirements, 
once a general licensee accepts delivery 
of a storage system authorized by a CoC, 
the financial responsibility for 
maintaining and decommissioning the 
system become the responsibility of the 
general licensee (see 10 CFR 72.30(b), 
(c), (d), (e), and (f)). 

Flood Protection 

One comment stated that the design 
basis of the Watts Bar 2 reactor (not yet 
licensed for operation) intends that safe 
shut down could occur if there were a 
flood event that delivered 131⁄2 feet of 
water at the reactor buildings. This 
comment raised the concern that the 
cask waste storage in an adjacent area 
would have equal or greater flooding. 

Response 

This rulemaking is limited to the 
approval of a CoC system to be added 
to the list of spent fuel storage casks in 
10 CFR 72.214. This rulemaking does 
not propose any change to the standards 
for approval of a CoC, or the 
requirements that govern the use of this 
CoC by a general licensee. Therefore, 
this comment is outside the scope of 
this rulemaking. 

The NRC’s regulations at 10 CFR 
72.212, ‘‘Conditions of a general license 
issued under 10 CFR 72.210,’’ require 
that a general licensee (a power reactor 
that stores spent fuel under a general 
part 72 license) perform written 
evaluations to ensure that the DCS 
systems used at the location meet the 
technical requirements of the CoC. The 
NRC inspects these evaluations prior to 
the first use of the DCS system and 
every three years after first use to ensure 
compliance with the terms of the CoC. 
If the CoC does not allow for water 
intrusion, then the general licensee is 
required to provide engineered 
measures to ensure that this condition 
does not occur. 

High Burnup Fuel 

Several comments also raised 
questions regarding the long-term 
acceptability of the extended storage of 
high burnup fuel (HBF). 

Response 

Most of the comments raising HBF as 
an issue did so in the context of the 
need for AMPs for approval of the CoC 
for the first 20 years, and that is beyond 
the scope of this rulemaking, as 
explained above. 

To the extent commenters raised 
issues about the storage of HBF in the 
CoC for the first 20 years, the NRC is 
treating this portion of the comment as 
a significant adverse comment 
warranting clarification of the record. 
The NRC has evaluated the acceptability 
of storage of HBF for the initial 20-year 
certification term for the HI–STORM 
UMAX Canister Storage System. As 
documented in the NRC staff’s SER 
under Docket ID NRC–2014–0120, the 
staff has determined that the use of the 
HI–STORM UMAX Canister Storage 
System, including storage of HBF, will 
be conducted in compliance with the 
applicable regulations of 10 CFR part 
72, and the CoC should be approved for 
the initial 20-year term. 

Storage beyond the initial term of 20 
years will require the applicant to 
submit a license renewal application 
with the inclusion of AMPs addressing 
HBF. In that regard, a demonstration 
project is being planned by the U.S. 
Department of Energy to provide 
confirmatory data on the performance of 
HBF in DCS. The NRC plans to evaluate 
the data obtained from the project to 
confirm the accuracy of current models 
that are relied upon for authorizing the 
storage of HBF for extended storage 
periods beyond the initial 20-year 
certification term. 

Duration of Certificate 

Some comments also raised issues 
with the limited duration of this initial 
CoC for a term of only 20 years and 
stated that the systems should have to 
demonstrate safe storage of nuclear fuel 
for a much longer storage period. 

Response 

The issues of long-term storage and 
disposal of SNF are outside the scope of 
this CoC rulemaking. This rule is 
limited to the addition of this storage 
system to the list of approved designs in 
10 CFR 72.214. The regulations 
governing the length of the CoC term are 
not within the changes proposed by this 
rule. 
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Inspector General’s Report 
One comment highlighted issues 

addressed in the 2014 NRC Inspector 
General’s report of the SONGS steam 
generator replacement, entitled, ‘‘NRC 
Oversight of Licensee’s Use of 10 CFR 
50.59 Process to Replace SONG’S Steam 
Generators (Case No. 13–006).’’ 

Response 
The issues raised by the NRC’s IG 

report of the SONGS steam generator 
replacement are outside the scope of 
this rulemaking. This report is 
applicable only to that proposed steam 
generator replacement effort, and does 
not apply to nor is it related to this 
specific CoC rulemaking. Approval of 
this CoC is based upon a safety and 
environmental review of this specific 
CoC design as submitted by the vendor. 
If power reactor licensees wish to use 
this system at their specific sites, they 
must first ensure other applicable 
regulatory requirements are met (see 10 
CFR 72.212). 

IV. Voluntary Consensus Standards 
The National Technology Transfer 

and Advancement Act of 1995 (Pub. L. 
104–113) requires that Federal agencies 
use technical standards that are 
developed or adopted by voluntary 
consensus standards bodies unless the 
use of such a standard is inconsistent 
with applicable law or otherwise 
impractical. In this final rule, the NRC 
will add the Holtec International HI– 
STORM UMAX Canister Storage System 
design to the listing in 10 CFR 72.214. 
This action does not constitute the 
establishment of a standard that 
contains generally applicable 
requirements. 

V. Agreement State Compatibility 
Under the ‘‘Policy Statement on 

Adequacy and Compatibility of 
Agreement State Programs’’ approved by 
the Commission on June 30, 1997, and 
published in the Federal Register on 
September 3, 1997 (62 FR 46517), this 
final rule is classified as Compatibility 
Category ‘‘NRC.’’ Compatibility is not 
required for Category ‘‘NRC’’ 
regulations. The NRC program elements 
in this category are those that relate 
directly to areas of regulation reserved 
to the NRC by the Atomic Energy Act of 
1954, as amended, or the provisions of 
10 CFR. Although an Agreement State 
may not adopt program elements 
reserved to the NRC, it may wish to 
inform its licensees of certain 
requirements via a mechanism that is 
consistent with the particular State’s 
administrative procedure laws, but does 
not confer regulatory authority on the 
State. 

VI. Plain Writing 

The Plain Writing Act of 2010 (Pub. 
L. 111–274), requires Federal agencies 
to write documents in a clear, concise, 
and well-organized manner. The NRC 
has written this document to be 
consistent with the Plain Writing Act as 
well as the Presidential Memorandum 
‘‘Plain Language in Government 
Writing,’’ published June 10, 1998 (63 
FR 31883). 

VII. Environmental Assessment and 
Finding of No Significant 
Environmental Impact 

A. The Action 

The action is to amend 10 CFR 72.214 
to add the Holtec International HI– 
STORM UMAX Canister Storage System 
to the listing within the ‘‘List of 
approved spent fuel storage casks’’ as 
CoC No. 1040. Under the National 
Environmental Policy Act of 1969, as 
amended, and the NRC’s regulations in 
subpart A of 10 CFR part 51, 
‘‘Environmental Protection Regulations 
for Domestic Licensing and Related 
Regulatory Functions,’’ the NRC has 
determined that this rule, if adopted, 
would not be a major Federal action 
significantly affecting the quality of the 
human environment and, therefore, an 
environmental impact statement is not 
required. The NRC has made a finding 
of no significant impact on the basis of 
this environmental assessment. 

B. The Need for the Action 

This final rule adds CoC No. 1040 for 
the Holtec International HI–STORM 
UMAX Canister Storage System design 
within the list of approved spent fuel 
storage casks that power reactor 
licensees can use to store spent fuel at 
reactor sites under a general license. 
Specifically, Holtec International’s 
intent with this design is to provide an 
underground storage option compatible 
with the Holtec International HI– 
STORM FW System. 

C. Environmental Impacts of the Action 

On July 18, 1990 (55 FR 29181), the 
NRC issued an amendment to 10 CFR 
part 72 to provide for the storage of 
spent fuel under a general license in 
cask designs approved by the NRC. The 
potential environmental impact of using 
NRC-approved storage casks was 
initially analyzed in the environmental 
assessment for the 1990 final rule. The 
environmental assessment for this CoC 
addition tiers off of the environmental 
assessment for the July 18, 1990, final 
rule. Tiering on past environmental 
assessments is a standard process under 
the National Environmental Policy Act. 

Holtec International HI–STORM 
UMAX Canister Storage Systems are 
designed to mitigate the effects of design 
basis accidents that could occur during 
storage. Design basis accidents account 
for human-induced events and the most 
severe natural phenomena reported for 
the site and surrounding area. 
Postulated accidents analyzed for an 
ISFSI, the type of facility at which a 
holder of a power reactor operating 
license would store spent fuel in casks 
in accordance with 10 CFR part 72, 
include tornado winds and tornado- 
generated missiles, a design basis 
earthquake, a design basis flood, an 
accidental cask drop, lightning effects, 
fire, explosions, and other incidents. 

Considering the specific design 
requirements for each accident 
condition, the design of the HI–STORM 
UMAX Canister Storage System would 
prevent loss of containment, shielding, 
and criticality control. If there is no loss 
of containment, shielding, or criticality 
control, the environmental impacts 
would be insignificant. In addition, any 
resulting occupational exposure or 
offsite dose rates from the use of the HI– 
STORM UMAX Canister Storage System 
would remain well within the 10 CFR 
part 20 limits. Therefore, the proposed 
addition of CoC No. 1040 will not result 
in radiological or non-radiological 
environmental impacts that significantly 
differ from the environmental impacts 
evaluated in the environmental 
assessment supporting the July 18, 1990, 
final rule. There will be no significant 
change in the types or significant 
revisions in the amounts of effluent 
released, no significant increase in the 
individual or cumulative radiation 
exposure, and no significant increase in 
the potential for or consequences from 
radiological accidents. The staff 
documented its safety findings for this 
review in the SER. 

D. Alternative to the Action 
The alternative to this action is to 

withhold approval of this new design 
and issue a site-specific license to each 
utility that proposes to use the casks. 
This alternative would cost both the 
NRC and utilities more time and money 
for each site-specific license. 
Conducting site-specific reviews would 
ignore the procedures and criteria 
currently in place for the addition of 
new cask designs that can be used under 
a general license, and would be in 
conflict with NWPA direction to the 
Commission to approve technologies for 
the use of spent fuel storage at the sites 
of civilian nuclear power reactors 
without, to the maximum extent 
practicable, the need for additional site 
reviews. This alternative also would 
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tend to exclude new vendors from the 
business market without cause and 
would arbitrarily limit the choice of 
cask designs available to power reactor 
licensees. This final rule will eliminate 
the above problems and is consistent 
with previous Commission actions. 
Further, the rule will have no adverse 
effect on public health and safety. 
Therefore, the environmental impacts 
would be the same or less than the 
action. 

E. Alternative Use of Resources 
Approval of the addition of CoC No. 

1040 would result in no irreversible 
commitments of resources. 

F. Agencies and Persons Contacted 
No agencies or persons outside the 

NRC were contacted in connection with 
the preparation of this environmental 
assessment. 

G. Finding of No Significant Impact 
The environmental impacts of the 

action have been reviewed under the 
requirements in 10 CFR part 51. Based 
on the foregoing environmental 
assessment, the NRC concludes that this 
final rule entitled, ‘‘List of Approved 
Spent Fuel Storage Casks: Holtec 
International HI–STORM UMAX 
Canister Storage System, Certificate of 
Compliance No. 1040,’’ will not have a 
significant effect on the human 
environment. Therefore, the NRC has 
determined that an environmental 
impact statement is not necessary for 
this final rule. 

VIII. Paperwork Reduction Act 
Statement 

This rule does not contain any 
information collection requirements 
and, therefore, is not subject to the 
requirements of the Paperwork 
Reduction Act of 1995 (44 U.S.C. 3501 
et seq.). 

Public Protection Notification 
The NRC may not conduct or sponsor, 

and a person is not required to respond 
to, a request for information or an 
information collection requirement 
unless the requesting document 
displays a current valid OMB control 
number. 

IX. Regulatory Analysis 
On July 18, 1990 (55 FR 29181), the 

NRC issued an amendment to 10 CFR 

part 72 to provide for the storage of 
spent nuclear fuel under a general 
license in cask designs approved by the 
NRC. Any nuclear power reactor 
licensee can use NRC-approved cask 
designs to store spent nuclear fuel if it 
notifies the NRC in advance, the spent 
fuel is stored under the conditions 
specified in the cask’s CoC, and the 
conditions of the general license are 
met. A list of NRC-approved cask 
designs is contained in 10 CFR 72.214. 

By letter dated June 29, 2012, and as 
supplemented on July 16 and November 
20, 2012; January 30, April 2, April 19, 
June 21, August 28, December 6, and 
December 31, 2013; and January 13, and 
January 28, 2014, Holtec International 
submitted an application to add the HI- 
STORM UMAX Canister Storage 
System. 

The alternative to this action is to 
withhold approval of this new design 
and issue a site-specific license to each 
utility that proposes to use the casks. 
This alternative would cost both the 
NRC and utilities more time and money 
for each site-specific license. 
Conducting site-specific reviews would 
ignore the procedures and criteria 
currently in place for the addition of 
new cask designs that can be used under 
a general license, and would be in 
conflict with NWPA direction to the 
Commission to approve technologies for 
the use of spent fuel storage at the sites 
of civilian nuclear power reactors 
without, to the maximum extent 
practicable, the need for additional site 
reviews. This alternative also would 
tend to exclude new vendors from the 
business market without cause and 
would arbitrarily limit the choice of 
cask designs available to power reactor 
licensees. This final rule will eliminate 
the above problems and is consistent 
with previous Commission actions. 
Further, the rule will have no adverse 
effect on public health and safety. 

Approval of this final rule is 
consistent with previous NRC actions. 
Further, as documented in the SER and 
the environmental assessment, the final 
rule will have no adverse effect on 
public health and safety or the 
environment. This final rule has no 
significant identifiable impact or benefit 
on other Government agencies. Based on 
this regulatory analysis, the NRC 
concludes that the requirements of the 
final rule are commensurate with the 

NRC’s responsibilities for public health 
and safety and the common defense and 
security. No other available alternative 
is believed to be as satisfactory, and 
therefore, this action is recommended. 

X. Regulatory Flexibility Certification 

Under the Regulatory Flexibility Act 
of 1980 (5 U.S.C. 605(b)), the NRC 
certifies that this rule will not, if issued, 
have a significant economic impact on 
a substantial number of small entities. 
This final rule affects only nuclear 
power plant licensees and Holtec 
International. These entities do not fall 
within the scope of the definition of 
small entities set forth in the Regulatory 
Flexibility Act or the size standards 
established by the NRC (10 CFR 2.810). 

XI. Backfitting and Issue Finality 

The NRC has determined that the 
backfit rule (10 CFR 72.62) does not 
apply to this final rule. Therefore, a 
backfit analysis is not required. This 
final rule adds CoC No. 1040 for the 
Holtec International HI–STORM UMAX 
Canister Storage System to the ‘‘List of 
approved spent fuel storage casks.’’ 

The addition of CoC No. 1040 for the 
Holtec International HI–STORM UMAX 
Canister Storage System was initiated by 
Holtec International and was not 
submitted in response to new NRC 
requirements, or in response to an NRC 
request. The addition of CoC No. 1040 
does not constitute backfitting under 10 
CFR 72.62, 10 CFR 50.109(a)(1), or 
otherwise represent an inconsistency 
with the issue finality provisions 
applicable to combined licenses in 10 
CFR part 52. Accordingly, no backfit 
analysis or additional documentation 
addressing the issue finality criteria in 
10 CFR part 52 has been prepared by the 
staff. 

XII. Congressional Review Act 

In accordance with the Congressional 
Review Act of 1996 (5 U.S.C. 801–808), 
the NRC has determined that this action 
is not a rule as defined in the 
Congressional Review Act. 

XIII. Availability of Documents 

The documents identified in the 
following table are available to 
interested persons through one or more 
of the following methods, as indicated. 

Document ADAMS Accession 
No. 

CoC No. 1040 ............................................................................................................................................................................ ML14122A443 
Safety Evaluation Report ........................................................................................................................................................... ML14122A441 
Technical Specifications, Appendix A ....................................................................................................................................... ML14122A444 
Technical Specifications, Appendix B ....................................................................................................................................... ML14122A442 
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Document ADAMS Accession 
No. 

Application ................................................................................................................................................................................. ML121880102 
Application supplemental July 16, 2012 .................................................................................................................................... ML12205A134 
Application supplemental November 20, 2012 .......................................................................................................................... ML12348A483 
Application supplemental January 30, 2013 ............................................................................................................................. ML13032A008 
Application supplemental April 2, 2013 ..................................................................................................................................... ML13107B249 
Application supplemental April 19, 2013 ................................................................................................................................... ML13114A191 
Application supplemental June 21, 2013 .................................................................................................................................. ML13175A363 
Application supplemental August 28, 2013 ............................................................................................................................... ML13261A062 
Application supplemental December 6, 2013 ............................................................................................................................ ML13343A169 
Application supplemental December 31, 2013 .......................................................................................................................... ML14002A402 
Application supplemental January 13, 2014 ............................................................................................................................. ML14015A145 
Application supplemental January 28, 2014 ............................................................................................................................. ML14030A055 
HI–STORM FW System FSAR .................................................................................................................................................. ML12363A284 
HI–STORM UMAX Canister Storage System FSAR ................................................................................................................ ML12363A282 

The NRC may post materials related 
to this document, including public 
comments, on the Federal rulemaking 
Web site at http://www.regulations.gov 
under Docket ID NRC–2014–0120. The 
Federal rulemaking Web site allows you 
to receive alerts when changes or 
additions occur in a docket folder. To 
subscribe: (1) Navigate to the docket 
folder (NRC–2014–0120); (2) click the 
‘‘Sign up for Email Alerts’’ link; and (3) 
enter your email address and select how 
frequently you would like to receive 
emails (daily, weekly, or monthly). 

List of Subjects in 10 CFR Part 72 
Administrative practice and 

procedure, Criminal penalties, 
Manpower training programs, Nuclear 
materials, Occupational safety and 
health, Penalties, Radiation protection, 
Reporting and recordkeeping 
requirements, Security measures, Spent 
fuel, Whistleblowing. 

For the reasons set out in the 
preamble and under the authority of the 
Atomic Energy Act of 1954, as amended; 
the Energy Reorganization Act of 1974, 
as amended; and 5 U.S.C. 552 and 553, 
the NRC is adopting the following 
amendments to 10 CFR part 72. 

PART 72—LICENSING 
REQUIREMENTS FOR THE 
INDEPENDENT STORAGE OF SPENT 
NUCLEAR FUEL, HIGH-LEVEL 
RADIOACTIVE WASTE AND 
REACTOR-RELATED GREATER THAN 
CLASS C WASTE 

■ 1. The authority citation for part 72 
continues to read as follows: 

Authority: Atomic Energy Act secs. 51, 53, 
57, 62, 63, 65, 69, 81, 161, 182, 183, 184, 186, 
187, 189, 223, 234, 274 (42 U.S.C. 2071, 2073, 
2077, 2092, 2093, 2095, 2099, 2111, 2201, 
2232, 2233, 2234, 2236, 2237, 2239, 2273, 
2282, 2021); Energy Reorganization Act secs. 
201, 202, 206, 211 (42 U.S.C. 5841, 5842, 
5846, 5851); National Environmental Policy 
Act sec. 102 (42 U.S.C. 4332); Nuclear Waste 
Policy Act secs. 131, 132, 133, 135, 137, 141, 

148 (42 U.S.C. 10151, 10152, 10153, 10155, 
10157, 10161, 10168); Government 
Paperwork Elimination Act sec. 1704, (44 
U.S.C. 3504 note); Energy Policy Act of 2005, 
Pub. L. 109–58, 119 Stat. 788 (2005). 

Section 72.44(g) also issued under Nuclear 
Waste Policy Act secs. 142(b) and 148(c), (d) 
(42 U.S.C. 10162(b), 10168(c), (d)). 

Section 72.46 also issued under Atomic 
Energy Act sec. 189 (42 U.S.C. 2239); Nuclear 
Waste Policy Act sec. 134 (42 U.S.C. 10154). 

Section 72.96(d) also issued under Nuclear 
Waste Policy Act sec. 145(g) (42 U.S.C. 
10165(g)). 

Subpart J also issued under Nuclear Waste 
Policy Act secs. 117(a), 141(h) (42 U.S.C. 
10137(a), 10161(h)). 

Subpart K also issued under Nuclear Waste 
Policy Act sec. 218(a) (42 U.S.C. 10198). 

■ 2. Section 72.214 is amended by 
adding Certificate of Compliance 1040 
to read as follows: 

§ 72.214 List of approved spent fuel 
storage casks. 

* * * * * 
Certificate Number: 1040. 
Initial Certificate Effective Date: April 

6, 2015. 
SAR Submitted by: Holtec 

International, Inc. 
SAR Title: Final Safety Analysis 

Report for the Holtec International HI– 
STORM UMAX Canister Storage 
System. 

Docket Number: 72–1040. 
Certificate Expiration Date: March 6, 

2035. 
Model Number: MPC–37, MPC–89. 

Dated at Rockville, Maryland, this 24th day 
of February 2015. 

For the Nuclear Regulatory Commission. 

Mark A. Satorius, 
Executive Director for Operations. 
[FR Doc. 2015–05238 Filed 3–5–15; 8:45 am] 

BILLING CODE 7590–01–P 

DEPARTMENT OF ENERGY 

10 CFR Part 431 

[Docket Number EERE–2008–BT–STD– 
0015] 

RIN 1904–AB86 

Energy Conservation Program: Energy 
Conservation Standards for Walk-In 
Coolers and Freezers; Correction 

AGENCY: Office of Energy Efficiency and 
Renewable Energy, Department of 
Energy. 
ACTION: Final rule; correction. 

SUMMARY: On June 3, 2014, the U.S. 
Department of Energy (DOE) issued a 
final rule adopting conservation 
standards for some classes of walk-in 
cooler and walk-in freezer components. 
The final rule was published with 
typographical errors to some of the 
reported values. DOE is providing 
corrections to address these errors. 
Neither the errors nor the corrections in 
this document affect the substance of 
the rulemaking or any of the 
conclusions reached in support of the 
final rule. 
DATES: This correction is effective 
March 6, 2015. 
FOR FURTHER INFORMATION CONTACT:
Mr. John Cymbalsky, U.S. Department of 
Energy, Office of Energy Efficiency and 
Renewable Energy, Building 
Technologies Program, EE–5B, 1000 
Independence Avenue SW., 
Washington, DC 20585–0121. 
Telephone: (202) 287–1692. Email: 
walk-in_coolers_and_walk-in_freezers@
EE.Doe.Gov. 

Mr. Michael Kido, U.S. Department of 
Energy, Office of the General Counsel, 
GC–33, 1000 Independence Avenue 
SW., Washington, DC 20585–0121. 
Telephone: (202) 586–8145. Email: 
Michael.Kido@hq.doe.gov. 
SUPPLEMENTARY INFORMATION: The 
Department of Energy (‘‘DOE’’) is 
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NRC FORM 651 

 U.S. NUCLEAR REGULATORY COMMISSION

(10-2004) 
10 CFR 72  CERTIFICATE OF COMPLIANCE 

 FOR SPENT FUEL STORAGE CASKS 
 

Page 1 of 4 

 
The U.S. Nuclear Regulatory Commission is issuing this Certificate of Compliance pursuant to Title 10 of the Code of Federal 
Regulations, Part 72, "Licensing Requirements for Independent Storage of Spent Nuclear Fuel and High-Level Radioactive Waste" (10 
CFR Part 72).   This certificate is issued in accordance with 10 CFR 72.238, certifying that the storage design and contents described 
below meet the applicable safety standards set forth in 10 CFR Part 72, Subpart L, and on the basis of the Final Safety Analysis Report 
(FSAR) of the cask design.  This certificate is conditional upon fulfilling the requirements of 10 CFR Part 72, as applicable, and the 
conditions specified below. 

Certificate No. Effective 
Date 

Expiration Date Docket No. Amendment No. Amendment Effective Date Package Identification No.

1040 April 6, 
2015 

April 6, 
2035 

72-1040 2 January 9, 2017 USA/72-1040 

Issued To: (Name/Address) 

Holtec International 
Holtec Center 
One Holtec Drive 
Marlton, NJ  08053 

Safety Analysis Report Title 

Holtec International                                                 Holtec International 
Final Safety Analysis Report for the                        Final Safety Analysis Report for the  
HI-STORM FW MPC Storage System                    HI-STORM UMAX Canister Storage System 

 
This certificate is conditioned upon fulfilling the requirements of 10 CFR Part 72, as applicable, the attached  
Appendix A (Technical Specifications) and Appendix B (Approved Contents and Design Features), and the conditions 
specified below: 
 
APPROVED SPENT FUEL STORAGE CASK                                                                                                          
 
Model No.:  HI-STORM UMAX Canister Storage System 
 
 DESCRIPTION: 
 

The HI-STORM UMAX Canister Storage System consists of the following components:  (1) interchangeable 
multi-purpose canisters (MPCs), which contain the fuel; (2) underground Vertical Ventilated Modules (VVMs), 
which contains the MPCs during storage; and (3) a transfer cask (HI-TRAC VW), which contains the MPC 
during loading, unloading and transfer operations.  The MPC stores up to 37 pressurized water reactor fuel 
assemblies or up to 89 boiling water reactor fuel assemblies. 

 
The HI-STORM UMAX Canister Storage System is certified as described in the” UMAX” Final Safety Analysis 
Report (FSAR) supplemented by the information on the MPCs and transfer cask in the HI-STORM FW FSAR, 
and in the U. S. Nuclear Regulatory Commission’s (NRC) Safety Evaluation Report (SER) accompanying the 
Certificate of Compliance (CoC).  

 
The MPC is the confinement system for the stored fuel.  It is a welded, cylindrical canister with a honeycombed 
fuel basket, a baseplate, a lid, a closure ring, and the canister shell.  All MPC components that may come into 
contact with spent fuel pool water or the ambient environment are made entirely of stainless steel or passivated 
aluminum/aluminum alloys.  The canister shell, baseplate, lid, vent and drain port cover plates, and closure ring 
are the main confinement boundary components.  All confinement boundary components are made entirely of 
stainless steel.  The honeycombed basket provides criticality control. 
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DESCRIPTION (continued) 
 

There are two types of MPCs permitted for storage in HI-STORM UMAX VVM:  the MPC-37 and MPC-89.  The 
number suffix indicates the maximum number of fuel assemblies permitted to be loaded in the MPC.  Both 
MPC models have the same external diameter. 

 
The HI-TRAC VW transfer cask provides shielding and structural protection of the MPC during loading, 
unloading, and movement of the MPC from the cask loading area to the VVM.  The transfer cask is a multi-
walled (carbon steel/lead/carbon steel) cylindrical vessel with a neutron shield jacket attached to the exterior 
and a retractable bottom lid used during transfer operations. 

                                                                                                                                                    
The HI-STORM UMAX VVM utilizes a storage design identified as an air-cooled vault or caisson.  The HI-
STORM UMAX VVM relies on vertical ventilation instead of conduction through the fill material around the 
VVM, as it is essentially a below-grade storage cavity.  Air inlets and an air outlet allow air to circulate naturally 
through the cavity to cool the MPC inside.  The subterranean steel structure is seal welded to prevent ingress 
of any groundwater in the MPC storage cavity from the surrounding subgrade, and it is mounted on a stiff 
foundation.  The surrounding subgrade and a top surface pad provide significant radiation shielding.  A loaded 
MPC is stored within the HI-STORM UMAX VVM in a vertical orientation.  
 
HI-STORM UMAX Version MSE  is a structurally strengthened embodiment of the VVM engineered for 
deployment at sites with its Design Basis Earthquake with ZPA in excess of 2.12Gs (resultant horizontal) and 
up to 1.0G (vertical). 
 

 
CONDITIONS 
 

1. OPERATING PROCEDURES 
 

Written operating procedures shall be prepared for handling, loading, movement, surveillance, and 
maintenance.  The user’s site-specific written operating procedures shall be consistent with the technical basis 
described in Chapter 9 of the FSAR. 

 
2. ACCEPTANCE TESTS AND MAINTENANCE PROGRAM 

 
Written acceptance tests and a maintenance program shall be prepared consistent with the technical basis 
described in Chapter 10 of the FSAR.  At completion of welding the MPC shell to baseplate, an MPC 
confinement weld helium leak test shall be performed using a helium mass spectrometer.  This test shall 
include the base metals of the MPC shell and baseplate. A helium leakage test shall also be performed on the 
base metal of the fabricated MPC lid. The confinement boundary welds leakage rate test shall be performed in 
accordance with ANSI N14.5 to “leaktight” criterion. If a leakage rate exceeding the acceptance criteria is 
detected, then the area of leakage shall be determined and the area repaired per ASME Code Section III, 
Subsection NB, Article NB-4450 requirements.  Re-testing shall be performed until the leakage rate 
acceptance criterion is met. 
 
 

3. QUALITY ASSURANCE 
 

Activities in the areas of design, purchase, fabrication, assembly, inspection, testing, operation, maintenance, 
repair, modification of structures, systems and components, and decommissioning that are important-to-safety 
shall be conducted in accordance with a Commission-approved quality assurance program which satisfies the 
applicable requirements of 10 CFR Part 72, Subpart G, and which is established, maintained, and executed 
with regard to the storage system 
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4. HEAVY LOADS REQUIREMENTS 
 

Each lift of an MPC or a HI-TRAC VW transfer cask must be made in accordance to the existing heavy loads 
requirements and procedures of the licensed facility at which the lift is made.  A plant-specific review of the 
heavy load handling procedures (under 10 CFR 50.59 or 10 CFR 72.48, as applicable) is required to show 
operational compliance with existing plant specific heavy loads requirements.  Lifting operations outside of 
structures governed by 10 CFR Part 50 must be in accordance with Section 5.2 of Appendix A. 
 

5. APPROVED CONTENTS 
 

Contents of the HI-STORM UMAX Canister Storage System must meet the fuel specifications given in 
Appendix B to this certificate. 

 
6. DESIGN FEATURES 

 
Features or characteristics for the site or system must be in accordance with Appendix B to this certificate. 

 
7. CHANGES TO THE CERTIFICATE OF COMPLIANCE 

 
The holder of this certificate who desires to make changes to the certificate, which includes Appendix A 
(Technical Specifications) and Appendix B (Approved Contents and Design Features), shall submit an 
application for amendment of the certificate. 
 
 

8. PRE-OPERATIONAL TESTING AND TRAINING EXERCISE 
 
A dry run training exercise of the loading, closure, handling, unloading, and transfer of the  
HI-STORM UMAX Canister Storage System shall be conducted by the licensee prior to the first use of the 
system to load spent fuel assemblies.  The training exercise shall not be conducted with spent fuel in the 
MPC.  The dry run may be performed in an alternate step sequence from the actual procedures, but all steps 
must be performed.  The dry run shall include, but is not limited to the following: 

 
a. Moving the MPC and the transfer cask into the spent fuel pool or cask loading pool. 

 
b. Preparation of the HI-STORM UMAX Canister Storage System for fuel loading. 

 
c. Selection and verification of specific fuel assemblies to ensure type conformance. 

 
d. Loading specific assemblies and placing assemblies into the MPC (using a dummy fuel assembly), 

including appropriate independent verification. 
 

e. Remote installation of the MPC lid and removal of the MPC and transfer cask from the spent fuel pool or 
cask loading pool. 

 
f. MPC welding, NDE inspections, pressure testing, draining, moisture removal (by vacuum drying or forced 

helium dehydration, as applicable), and helium backfilling. (A mockup may be used for this dry-run 
exercise.) 

 
g. Transfer of the MPC from the transfer cask to the VVM. 
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h. HI-STORM UMAX Canister Storage System unloading, including flooding MPC cavity and removing MPC 
lid welds.  (A mockup may be used for this dry-run exercise.) 

 
Any of the above steps can be omitted if the site has already successfully loaded a Holtec MPC System. 

 
9. AUTHORIZATION 

 
The HI-STORM UMAX Canister Storage System, which is authorized by this certificate, is hereby approved for 
general use by holders of 10 CFR Part 50 licenses for nuclear reactors at reactor sites under the general 
license issued pursuant to 10 CFR 72.210, subject to the conditions specified by 10 CFR 72.212, this 
certificate, and the attached Appendices A and B.  The HI-STORM UMAX Canister Storage System may be 
fabricated and used in accordance with any approved amendment to CoC No. 1040 listed in 10 CFR 72.214.  
Each of the licensed HI-STORM UMAX Canister Storage System components (i.e., the MPC, overpack, and 
transfer cask), if fabricated in accordance with any of the approved CoC Amendments, may be used with one 
another provided an assessment is performed by the CoC holder that demonstrates design compatibility.  .   

 
 
FOR THE U. S. NUCLEAR REGULATORY COMMISSION 
 
 
                 
 
 
 

                              
                          /RA/       

                                                                                                       
                                                                                     John McKirgan, Chief  
                                                                                     Spent Fuel Licensing Branch 
 Division of Spent Fuel Management 
 Office of Nuclear Material Safety 
   and Safeguards 
 Washington, DC 20555 

 
                

 
 Dated _1/6/17__ 

 
 Attachments: 

1. Appendix A 
2. Appendix B 
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UNITED STATES NUCLEAR REGULATORY COMMISSION,
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SOUTHERN CALIFORNIA EDISON COMPANY,
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INTERVENOR SOUTHERN CALIFORNIA EDISON’S 

SUPPLEMENTAL EXCERPTS OF RECORD:

TABLE OF CONTENTS

Documents from the NRC’s Certified Index of Record (Dkt. 27)

NRC 
Certified 
Index 
No.

Document Document 
Date

Vol(s). Page No.

31-33 Irradiated Fuel Management 
Plain
Post-Shutdown 
Decommissioning Activities 
Report
Decommissioning Cost 
Estimate 

Sept, 23, 2014 1 SCE-SER-00001

70 San Onofre Nuclear 
Generating Station, Units 2 
and 3 – Issuance of 
Amendment for Permanently 
Shutdown and Defueled 
Operating License and 
Technical Specifications

Jul. 17, 2015 1 SCE-SER-00144

2 NUREG-490 – Final 
Environmental Statement 
related to the operation of San 
Onofre Nuclear Generating 
Station, Units 2 and 3

Apr. 1981 2 / 3 SCE-SER-00287

34-35 NUREG-2157 – Generic 
Environmental Impact 
Statement for Continued 
Storage of Spent Nuclear Fuel 
(Excerpts)

Sept. 2014 3 SCE-SER-00649

46 NRC Review and Approval of 
the Irradiated Fuel 
Management Plan – SONGS

Aug. 19, 2015 3 SCE-SER-000773
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Date

Vol(s). Page No.

47 NRC Review of Post-
Shutdown Decommissioning 
Activities Report – SONGS

Aug. 20, 2015 3 SCE-SER-000784

79 Summary of Staff Review and 
Findings of the 2019 
Decommissioning Funding 
Status Reports from Operating 
and Decommissioning Power 
Reactor Licensees

Dec. 31, 2019 3 SCE-SER-000790

50 Division of Spent Fuel 
Management – Interim Staff 
Guidance – 2, Revision 2

3 SCE-SER-000801

44 NRC Safety Evaluation Report 
– Docket No. 72-1040 – HI-
STORM UMAX Canister 
Storage System 

Apr. 2, 2015 3 SCE-SER-000810

52 NRC Certificate of 
Compliance for Spent Fuel 
Storage Casks

Jan. 6, 2017 3 SCE-SER-000860

67 NRC Supplemental Inspection 
Report

Jul. 9, 2019 4 SCE-SER-000864

55 NRC Inspection Report – San 
Onofre Nuclear Generating 
Station

Aug. 24, 2018 4 SCE-SER-000914

49 NRC Inspection of 
Independent Spent Fuel 
Storage Installation – Callaway 
Plant

Oct. 30, 2015 4 SCE-SER-00953

52 Final Safety Analysis Report 
on the HI-STORM UMAX 
Canister Storage System

Jun. 29, 2016 5 /6 / 7 SCE-SER-001053

57 NRC (Errata) San Onofre 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

REGION IV 
1600 EAST LAMAR BOULEVARD 
ARLINGTON, TEXAS 76011-4511 

EA-18-155 

Mr. Doug Bauder 
Vice President and Chief Nuclear Officer 

Southern California Edison Company 
San Onofre Nuclear Generating Station 
P.O. Box 128 
San Clemente, CA 92674-0128 

July 9, 2019 

SUBJECT: NRC SUPPLEMENTAL INSPECTION REPORT 050-00206/2018-006, 
050-00361/2018-006, 050-00362/2018-006, 072-00041/2018-002 

Dear Mr. Bauder: 

This letter refers to a supplemental inspection using the U.S. Nuclear Regulatory Commission's 
(NRC's) Inspection Procedure 92702, "Follow-up on Traditional Enforcement Actions," 
conducted on January 28 through February 1, February 11-15, March 19, March 21-23, and 
April 10-13, 2019, at your facility in San Clemente, California. The inspection continued with 
in-office reviews of information provided by your staff from November 2018 through May 17, 
2019. 

The NRC performed this inspection to review corrective actions taken by the Southern 
California Edison Company in response to the misalignment of a loaded spent fuel storage 
canister as it was being downloaded into a storage vault at San Onofre Nuclear Generating 
Station (SONGS). Our initial review of the incident was documented in NRC Special Inspection 
Report 050-00206/2018-005, 050-00361/2018-005, 050-00362/2018-005, 072-00041/2018-001 
and Notice of Violation (NRC's Agencywide Documents Access and Management System 
(ADAMS) Accession ML 18341A172) and finalized in NRC letter "Notice of Violation 
and Proposed Imposition of Civil Penalty - $116,000 and NRC Inspection 
Report 050-00206/2018-005, 050-00361/2018-005, 050-00362/2018-005, 
072-00041/2018 001," (ADAMS Accession ML 19080A208). 

The enclosed report documents the results of the supplemental inspection. The inspectors 
discussed the preliminary inspection findings with you and members of your staff on 
February 15, 2019, at the conclusion of a portion of the onsite inspection. A final exit briefing 
was conducted telephonically with Mr. Al Bates, Regulatory and Oversight Manager, and 
members of your staff on June 13, 2019. 

The NRC performed this supplemental inspection to determine if: (1) the root and contributing 
causes of the significant performance issues were understood, (2) the extent of condition and 
extent of cause for the significant performance issues were identified, (3) the corrective actions 
taken to address and preclude repetition of significant performance issues were prompt and 
effective, and ( 4) the corrective action plans direct prompt actions to effectively address and 
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D. Bauder 2 

preclude repetition of significant performance issues. Additionally, the inspection team reviewed 
and determined if follow-up items from the NRC Special Inspection had been completed. 

The NRC determined that your staff's causal evaluations to address the previously issued 
violations were adequately performed to the depth and breadth required. The NRC noted that 
your staff's evaluations identified that the primary root cause of the Severity Level II violation for 
failure to provide redundant lift protection features during downloading operations was that 
management failed to recognize the complexity and risks associated with a long duration fuel 
transfer campaign using a relatively new system design. Your staff determined that the primary 
cause for the Severity Level Ill violation for failure to make a report to the NRC was that 
management failed to recognize the required integration and application of 10 CFR Part 72 
reporting requirements. 

The NRC determined that your staff identified and implemented appropriate corrective actions to 
revise loading procedures, revise the reportability program, utilize equipment enhancements, 
require adequate training, enhance oversight of operations, and enhance the corrective action 
program at SONGS. The NRC also determined that your staff's extent of condition and extent 
of cause evaluations adequately reviewed whether other operations were susceptible to similar 
performance deficiencies. However, even though your causal evaluations and corrective 
actions were comprehensive, the NRC staff identified four observations associated with the 
evaluations and corrective actions. 

Based on the results of the supplemental inspection, the NRC identified five findings that were 
identified as violations of NRC requirements and were determined to be Severity Level IV 
violations of low safety significance under the traditional enforcement process. The NRC is 
treating these violations as non-cited violations (NCVs) consistent with Section 2.3.2.a of the 
NRC Enforcement Policy. 

If you contest the violations or significance of the NCVs, you should provide a response within 
30 days of the date of this inspection report, with the basis for your denial, to the U.S. Nuclear 
Regulatory Commission, ATTN: Document Control Desk, Washington, DC 20555-0001, with 
copies to: (1) the Regional Administrator, Region IV, and (2) the Director, Office of 
Enforcement, U.S. Nuclear Regulatory Commission, Washington, DC 20555-0001. 

In accordance with 10 CFR 2.390 of the NRC's 11Agency Rules of Practice and Procedure," a 
copy of this letter, its enclosure, and your response if you choose to provide one, will be made 
available electronically for public inspection in the NRC Public Document Room or from 
ADAMS. ADAMS is accessible from the NRC's Website at http://www.nrc.gov/readinq­
rm/adams.html. To the extent possible, your response should not include any personal privacy 
or proprietary information so that it can be made available to the Public without redaction. 
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D. Bauder 3 

If you have any questions regarding this inspection report, please contact Lee Brookhart 
at 817-200-1549, or the undersigned at 817-200-1223. 

Docket Nos.: 050-00206; 050-00361; 
050-00362;072-00041 

License Nos.: DPR-13; NPF-1 O; NPF-15 

Enclosure: 
Supplemental Inspection Report 
050-00206/2018-006; 50-00361/2018-006; 
050-00362/2018-006; 072-00041 /2018-002 
w/Attachments: 

1. Supplemental Inspection Information 
2. Radiological Surveys of ISFSI pads 

f)?~~/ 
Greg Warnick, Chief 
Reactor Inspection Branch 
Division of Nuclear Materials Safety 
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U.S. NUCLEAR REGULATORY COMMISSION 

REGION IV 

Docket Nos.: 50-206; 50-361; 50-362; 72-041 

License Nos.: DPR-13; NPF-10; NPF-15 

Report No.: 050-00206/2018-006; 050-00361/2018-006; 
050-00362/2018-006; and 072-00041/2018-002 

EA No.: 18-155 

Licensee: Southern California Edison Company 

Facility: San Onofre Nuclear Generating Station 

Location: San Clemente, CA 92674-012 

Inspection Dates: Onsite: January 28 - February 1, 2019; February 11 - 15, 2019; 
March 19, 21 - 23, 2019; and April 10 - 13, 2019 
In-office review from November 2018 through May 17, 2019 

Exit Meeting Date: June 13, 2019 

Inspectors: Lee Brookhart, Senior ISFSI Inspector 
Reactor Inspection Branch 

Accompanied by: 

Approved By: 

Attachments: 

Division of Nuclear Materials Safety, Region IV 

Eric Simpson, CHP, Health Physicist 
Reactor Inspection Branch 
Division of Nuclear Materials Safety, Region IV 

W. Chris Smith, Reactor/lSFSI Inspector 
Reactor Inspection Branch 
Division of Nuclear Materials Safety, Region IV 

Christopher Newport, Senior Resident Inspector 
Project Branch A, Diablo Canyon 
Division of Reactor Projects, Region IV 

Janine F. Katanic, PhD, CHP, Acting Branch Chief 
Fuel Cycle and Decommissioning Branch 
Division of Nuclear Materials Safety, Region IV 

Greg Warnick, Chief 
Reactor Inspection Branch 
Division of Nuclear Materials Safety, Region IV 

1.) Supplemental Inspection Information 
2.) Radiological Surveys of ISFSI Pads 
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EXECUTIVE SUMMARY 

NRC Supplemental Inspection Report 050-00206/2018006; 050-00361/2018006; 
050-00362/2018006; and 072-00041/2018-002 

On January 28 through February 1; February 11-15; March 19; March 21-23; and 
April 10-13, 2019, the U.S. Nuclear Regulatory Commission performed an announced 
on-site Supplemental Inspection of the Independent Spent Fuel Storage Installation at 
the decommissioning San Onofre Nuclear Generating Station in San Clemente, 
California. The inspection continued with an in-office review of the licensee's analyses, 
procedures, and other materials gathered and provided prior to and after the on-site 
portion of the inspection through May 17, 2019. 

The scope of the inspection was to evaluate and review the licensee's follow-up 
investigation, causal evaluations, implemented corrective actions, and planned 
corrective acj:ions associated with violations described in the NRC's Special Inspection 
Report 050-00206/2018-005, 050-00361/2018-005, 050-00362/2018-005, and 
072-00041/2018-001 and Notice of Violation (NRC's Agencywide Documents Access 
and Management System (ADAMS) Accession ML 18341 A 172) and Notice of Violation 
and Proposed Imposition of Civil Penalty - $116,000 and NRC Inspection Report 
(ADAMS Accession ML 19080A208). 

The NRC determined that the licensee's causal evaluations were conducted to a level of 
detail commensurate with the significance of the problems and reached reasonable 
conclusions as to the root and contributing causes of the event. The NRC determined 
that completed or planned corrective actions were comprehensive and sufficient to 
address the performance issues that led to the previously identified violations. 

Additionally, the inspectors identified five Severity Level IV, non-cited violations that 
involved failures to: (1) ensure appropriate quality standards on new equipment for 
downloading/withdrawal operations; (2) ensure purchased material conformed to the 
procurement documents for load sensing shackles; (3) ensure the loaded transfer cask 
and its conveyance was evaluated under the site-specific design basis earthquake; 
(4) provide adequate written basis for the initial 10 CFR 72.48 scratch evaluation; and 
(5) request the certificate holder to obtain a Certificate of Compliance amendment for 
use of the intermediate shelf in the spent fuel pool. 

Follow-up on Traditional Enforcement Actions, Inspection Procedure 92702 

• The inspectors independently reviewed the licensee's causal evaluations for the 
performance issues and significant findings that led to the August 3, 2018, 
misalignment incident. The NRC concluded that the evaluations were conducted to 
a level of detail commensurate with the significance of the problems and the root 
causes combined with the contributing causes adequately addressed the findings 
presented in the NRC Special Inspection Report. The inspectors also concluded 
that the root and contributing causes of the significant performance issues were 
understood by the licensee. One observation was identified by the NRC which 
related to the licensee's contributing causes. Subsequently, the licensee addressed 
and resolved the NRC observation by implementing additional corrective actions. 
(Section 1.2.1) 

2 

SCE-SER 000868

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-4, Page 9 of 194
(887 of 2110)



• The inspectors determined that the licensee evaluated the performance issues 
using systematic methodologies to identify root and contributing causes. The 
inspectors concluded that the licensee's causal evaluations addressed the extent of 
condition and extent of cause of the issues and appropriately considered safety 
culture traits. One observation was identified by the NRC regarding the licensee's 
extent of condition evaluation. Subsequently, the licensee addressed and resolved 
the issue by implementing additional corrective actions. (Section 1.2.2) 

• The NRC concluded that the licensee's evaluations and corrective actions taken in 
the areas of licensee oversight, procedures, training, equipment, corrective action 
program, and reportability were appropriate to prevent recurrence of prior inspection 
findings and violations and were adequately prioritized with consideration to risk 
significance and regulatory compliance. The inspectors concluded that the 
licensee's completed corrective actions in the areas of training, corrective action 
program, and procedures were adequate to restore compliance and prevent 
recurrence for the relevant violations issued in the NRC Special Inspection Report, 
dated December 19, 2018. (Section 1.2.3.b (1 )-(6)) 

• During the NRC's review, the inspectors identified two additional observations and 
two violations of NRC requirements relating to the licensee's corrective actions. 
The two violations were related to the licensee's failure to establish measures to 
ensure appropriate quality standards were specified in design documentation in 
accordance with 10 CFR 72.146 and the licensee's failure to establish measures to 
ensure that purchased equipment conformed to the procurement documents in 
accordance with 10 CFR 72.154 for the recent enhancements to fuel canister 
transfer equipment. The licensee entered the findings into the corrective action 
program as action requests 1218-20333 and 1219-52380. The violations were 
determined to have a low safety significance and the Severity Level IV violations 
were treated as non-cited violations. Subsequently, the licensee addressed and 
resolved the NRC observations and violations by implementing additional corrective 
actions. (Section 1.2.3.c) 

• The inspectors evaluated and concluded that the licensee's corrective actions were 
prompt and effective, and the licensee had adequately established appropriate 
quantitative or qualitative measures of success for the actions implemented to 
monitor the effectiveness of the corrective actions to prevent recurrence. 
(Section 1.2.4) 

Follow-up of Events and Notices of Enforcement Discretion, Inspection Procedure 71153 

• The NRC reviewed Licensee Event Report 2018-001-1 (ADAMS 
Accession ML 18317 A060), dated November 8, 2018, for the licensee's actions 
which led to the inadvertent disablement of redundant important-to-safety slings 
during downloading operations on August 3, 2018. The NRC inspectors reviewed 
all the implemented and planned corrective actions and found them to be adequate 
to restore compliance and prevent recurrence. This licensee event report is closed . 
(Section 2.2.1) 

• The NRC reviewed Licensee Event Report 2018-002-0 (ADAMS 
Accession ML 19050A 170), dated February 14, 2019. The licensee notified the 
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NRC that previous operations utilizing the low-profile-transporter were performed 
outside the clearance limits calculated in the station's site-specific seismic analysis. 
The NRC inspectors reviewed all the implemented corrective actions and found 
them to be adequate to restore compliance and prevent recurrence. The licensee 
event report described that an analysis was still in progress to determine if past 
operations were acceptable. This licensee event report remains open, pending 
NRC review of the additional information. (Section 2.2.2) 

• The NRC reviewed Licensee Event Notification 53858, dated February 2, 2019. 
The licensee notified the NRC that previous operations utilizing the vertical cask 
transporter had been performed, for short periods of time, outside conditions 
described in the station's site-specific seismic analysis. Specifically, the licensee 
prematurely removed the seismic restraint band prior to stack-up operations. The 
NRC inspectors reviewed all the implemented and planned corrective actions and 
found them to be adequate to restore compliance and prevent recurrence. This 
licensee event notification is closed. (Section 2.2.3) 

• The inspectors documented a violation of Certification of Compliance 72-1040, 
Appendix 8, Technical Specification 3.4.15, for the licensee's failure to conduct 
transportation operations in accordance with the station's site-specific seismic 
analysis. Specifically, the NRC identified, the licensee prematurely removed the 
seismic restraint band prior to stack-up operations during vertical cask transporter 
operations. The licensee entered the finding into the corrective action program as 
action requests 0219-88442, 0219-22465, and 0319-95843. The NRC determined 
that the finding was of low safety significance since the licensee had re-performed 
the seismic evaluations restoring compliance and demonstrated the canister and its 
conveyance would not have tipped-over or slid off the haul. route during those 
transportation operations. This Severity Level IV violation was treated as a 
non-cited violation. (Section 2.2.4) 

• As a follow-up to the Special Inspection Charter, the NRC reviewed the licensee's 
evaluation to analyze the potential effects of dropping a canister approximately 
18 feet onto the base of the UMAX vault. The NRC agreed with the evaluation 
conclusion that the canister would not have breached had the canister fell to the 
bottom of the UMAX vault. Additionally, the NRC concluded that the canister would 
have continued to perform all ·safety functions, including structural, thermal, 
criticality control, and shielding. (Section 2.2.5.a) 

• The licensee performed a change under the 10 CFR 72.48 process to evaluate and 
accept scratches from incidental contact during insertion and withdrawal operations 
on previously loaded and future canisters placed in the UMAX independent spent 
fuel storage installation. The licensee's subsequent written evaluation, based on 
in-situ visual assessments and statistical analyses of eight loaded canisters, was 
adequate to demonstrate that the proposed change would not affect the canisters' 
ability to meet the confinement design function and structural functions as specified 
in the Holtec Final Safety Analysis Report. 

The licensee's evaluation also demonstrated that American Society of Mechanical 
Engineers Section 111 code tolerances for wear were met and did not require a 
change to the storage system's technical specifications. The NRC utilized the data 

4 

SCE-SER 000870

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-4, Page 11 of 194
(889 of 2110)



obtained through the visual assessments to perform independent statistical 
assessments using several models that were appropriate for the sample size. The 
NRC concluded that the conclusion presented by the Southern California Edison 
Company was conservative and reasonably bounded the maximum anticipated 
scratch or wear depth resulting from routine operational activities. The NRC 
concluded the licensee's 10 CFR 72.48 change did not require prior NRC review 
and approval through an amendment request. (Section 2.2.5.b) 

• The inspection results documented one violation of NRC requirements for the 
licensee's failure to include an adequate evaluation to support a design change in 
accordance with 10 CFR 72.48. The NRC identified that the licensee's original 
evaluations to allow scratching and gouging on canisters contained multiple errors 
and inadequacies, and the NRC determined that the calculation could not 
adequately bound the maximum possible scratch depth on a canister. 

The licensee entered the finding into the corrective action program as action 
requests 1218-11302 and 0219-96601. The NRC determined that the finding was 
of low safety significance since the licensee re-performed the written evaluation 
utilizing in-situ visual assessment and statistical analyses that calculated a 
maximum probable scratch depth, which provided an adequate basis for the 
determination that the change did not require NRC review through an amendment 
request. This Severity Level IV violation was treated as a non-cited violation . 
(Section 2.2.6) 

• The NRC closed an Unresolved Item from NRC Inspection 
Report 07200041/2017-001 dated, August 24, 2018 (ADAMS 
Accession ML 18200A400). The Unresolved Item was related to a 10 CFR 72.48 
evaluation for the scenario of a hypothetical accident of the loaded HI-TRAC VW 
transfer cask contacting the sides and bottom of the spent fuel pool during the short 
period of time that a loaded multi-purpose canister was in an unconstrained 
condition on an intermediate shelf in the spent fuel pool. 

The inspectors determined one violation of NRC requirements occurred, for the 
licensee's failure to request the certificate holder to obtain an amendment prior to 
implementing a change in accordance with 10 CFR 72.48. The licensee's design 
change created the possibility of an accident of a different type than any previously 
evaluated in the Holtec Final Safety Analysis Report. The licensee entered the 
issue into the corrective action program as action requests 0718-10512 and 
0617-86918. The NRC determined that the finding was of low safety significance 
since the accident condition had been analyzed and NRC approved in 
NUREG-0712 "Safety Evaluation Report related to the operation of SONGS Units 2 
and 3, dated February 1981," and described in the San Onofre Nuclear Generating 
Station Decommissioning Safety Analysis Report. The licensee restored 
compliance by revising the loading procedures to no longer utilize the intermediate 
shelf in the spent fuel pool. This Severity Level IV violation was treated as a non­
cited violation. (Section 2.2. 7) 

• The inspection team observed the licensee perform several dry run exercises 
utilizing a simulated canister. On January 28, 2019, the licensee successfully 
demonstrated operations utilizing the low-profile transporter to transport the 
simulated canister within the transfer cask to the independent spent fuel storage 
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installation pad while maintaining compliance with the station's site-specific seismic 
analysis. On February 14, 2019, the licensee successfully demonstrated removal of 
the transfer cask from the bottom of the spent fuel pool directly to the cask 
washdown pit without utilizing the intermediate shelf in the spent fuel pool. 

On January 28-30, 2019, the inspection team observed the licensee implementing 
all the corrective action enhancements to download and retrieve a simulated 
canister at the independent spent fuel storage installation pad. These exercises 
contained: (1) all vendor personnel trained and qualified under the new training 
program, (2) use of more personnel, located in strategic positions to observe 
canister downloading, (3) utilization of the enhanced procedures, (4) implementation 
of the new canister transfer monitoring equipment, and (5) enhanced oversight by 
licensee personnel qualified under a new oversight training program. The station 
was fully successful in downloading and retrieving the canister during the exercises 
and the corrective actions taken were determined by the inspectors to be adequate 
to restore compliance and prevent recurrence of the performance issues that led to 
the misalignment event. (Section 2.2.8) 

• The NRC inspectors closed the violation for the licensee failure to ensure that 
redundant drop protection features were available during the August 3, 2018, 
misalignment event. The NRC thoroughly reviewed the licensee's completed and 
proposed corrective actions related to the misalignment event and concluded the 
corrective actions were adequate to restore compliance, address extent of 
condition, and prevent recurrence. (Section 2.2.9) 

• The NRC inspectors performed independent measurements and verifications of the 
radiological conditions at the licensee's independent spent fuel storage installation. 
The inspectors measured various locations including background areas, public 
access areas, owner-controlled areas, and representative locations on both 
generally licensed independent spent fuel storage installation pads. Based on the 
number and age of canisters in service, the NRC did not identify any radiological 
concerns during the survey. Additionally, the NRC did not identify any 
measurements at the owner-controlled area boundary or in the public access areas 
to be above normal background measurements. (Section 2.2.10) 
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REPORT DETAILS 

Summary of Plant Activities 

The San Onofre Nuclear Generating Station (SONGS) independent spent fuel storage 
installation (ISFSI) consists of two ISFSI designs located adjacent to each other. The 
Transnuclear, Inc. (TN) nuclear horizontal modular storage (NUHOMS) ISFSI contains 
51 loaded concrete advanced horizontal storage modules (AHSMs), which hold stainless 
steel dry shielded canisters (DSCs). Spent fuel from all-three reactors are stored at the 
NUHOMS ISFSI in 50 of the storage modules. 

Greater-than-Class-C {GTCC) waste from the Unit 1 reactor decommissioning project is 
stored in one module. There is a total of 63 AHSMs on the NUHOMS ISFSI pad. The 
12 empty AHSMs will be available for storage of additional GTCC waste from Units 2 
and 3. The 63 AHSMs currently on the pad are designed for the 24PT1-DSC (Unit 1 fuel) 
and 24PT4-DSC (Unit 2/3 fuel) canisters, which hold a maximum of 24 spent fuel 
assemblies. The 24PT1-DSCs are loaded and maintained under Amendment O of 
Certificate of Compliance (CoC) No. 72-1029 and the 24PT 4-DSCs are Joaded and 
maintained under Amendment 1 of CoC No. 72-1029. Both systems were b.eing 
maintained under Final Safety Analysis Report (FSAR), Revision 5. 

The Holtec UMAX ISFSI portion was designed to hold 75 multi-purpose canisters (MPCs). 
The MPC-37s contain 37 pressurized water reactor fuel assemblies in accordance with 
UMAX CoC No. 72-1040, Amendment 2, the HI-STORM UMAX FSAR, Revision 4, and the 
HI-STORM FW FSAR, Revision 5. The licensee has 29 loaded canisters in service at the 
UMAX ISFSI. A 30th canister had been loaded, welded, dried, and helium backfilled, but 
remained inside the Unit 3 spent fuel building. The licensee ceased all loading operations 
to address the investigation and implementation of corrective actions associated with the 
August 3, 2018, misalignment incident. 

1 Followup on Traditional Enforcement Actions (Inspection Procedure 92702) 

1.1 Inspection Scope 

The NRC performed this supplemental inspection in accordance with Inspection 
Procedure 92702, "Follow-up of Traditional Enforcement Actions Including Violations, 
Deviations, Confirmatory Action Letters, Confirmatory Orders, and Alternative Dispute 
Resolution Confirmatory Orders," to assess the licensee's response to the issues identified 
during the inspection documented in NRC Special Inspection Report dated, 
December 19, 2018, "Special Inspection Report 050-00206/2018-005, 
050-00361/2018-005, 050-00362/2018-005, and 072-00041/2018-001 and Notice of 
Violation," (NRC Special Inspection) (ADAMS Accession ML 18341A172), using the 
following inspection objectives: 

• Objective 1: To assure that the root and contributing causes of significant performance 
issues Were understood; 

• Objective 2: To independently assess and assure that the extent of condition and extent 
of cause of significant performance issues were identified; 
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• Objective 3: To assure that corrective actions taken to address and preclude repetition 
of significant performance issues were prompt and effective; 

• Objective 4: To assure that corrective action plans directed prompt actions to effectively 
address and preclude repetition of significant performance issues. 

The NRC Special Inspection Report documented the NRC's review of an August 3, 2018, 
misalignment incident that occurred when a loaded spent fuel canister came to rest on the 
shield ring near the top of the UMAX ISFSI vault, which prevented it from being fully 
lowered into the storage vault. At that time, the important-to-safety (ITS) rigging and lifting 
slings were slack and were no longer capable of performing their safety function of 
supporting and controlling the loaded canister. This failure to maintain redundant drop 
protection placed the canister (No. 29) in an unanalyzed condition because the ISFSI 
FSAR assumed a postulated drop was a non-credible event. The estimated time the 
canister was in an unsupported position was approximately 45 minutes. 

Following the misalignment incident, the licensee failed to notify the NRC that ITS 
equipment was disabled and would fail to function as designed when required by the 
Certificate of Compliance to provide redundant drop protection features to prevent and 
mitigate the consequences of a drop accident and no redundant equipment was available 
and operable to perform the required safety function. The licensee's failure to make the 
required report to the NRC existed for 39 days until the report was submitted and 
compliance restored. 

On March 25, 2019, the NRC issued letter, "Notice of Violation and Proposed Imposition of 
Civil Penalty - $116,000 and NRC Inspection Report 050-00206/2018-005, 050-
00361/2018-005, 050-00362/2018-005, 072-00041/2018-001," (ADAMS 
Accession ML 19080A208), to document the final significance determination for the 
identified escalated violations. The licensee's failure to ensure ITS equipment was 
available to provide redundant drop protection during downloading operations was 
characterized as a finding having significant safety consequence and was identified as a 
Severity Level II violation of NRC requirements. The licensee's failure to make a timely 
notification to the NRC Headquarters Operations Center for the August 3, 2018, disabling 
of ITS equipment impacted the ability of the NRC to perform its regulatory oversight 
function and was identified as a Severity Level II I violation of NRC requirements. 

The inspectors reviewed the licensee's causal evaluations and supplemental information 
during the inspection period. The inspectors held discussions with licensee personnel to 
determine if the root causes, contributing causes, and the contribution of safety culture 
components related to the issues were understood, and that corrective actions taken or 
planned were appropriate to address the causes and preclude repetition. 

1.2 Observations and Findings 

1.2.1 Problem Identification and Cause Evaluations (Objective 1) 

a. Overview 

The inspectors verified that the licensee's evaluations adequately documented 
identification of the issues. The violation involving failure to provide redundant drop 
protection features during downloading operations was self-revealed and the violation for 
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failure to make a report to the NRC was NRC identified. The inspectors determined that 
the evaluations documented how long the issues existed and prior opportunities for 
identification. The inspectors also determined that the evaluation documented 
significant plant-specific consequences and compliance concerns associated with the 
issues. 

The inspectors evaluated whether the licensee's causal evaluations were conducted to a 
level of detail commensurate with the significance of the problem, and whether the 
licensee's evaluations included consideration of prior occurrences of the problem and 
knowledge of prior operating experience. 

b. Assessment 

The licensee performed four causal evaluations to address the issues resulting from the 
August 3, 2018, misalignment incident. The four causal evaluations were tracked in the 
licensee's Corrective Action Program (CAP) and addressed the following areas: 

• Root Cause Evaluation (RCE) Quality Investigation (Ql)-2529 was initiated to identify 
the root causes and corrective actions necessary to address the misalignment event 
and enhance Holtec's processes and procedures to prevent recurrence. 

• Apparent Cause Evaluation (ACE) (Action Report (AR) 0818-20356) was initiated to 
determine why the Southern California Edison Company (SCE) oversight was 
ineffective in preventing the misalignment event. 

• Common Cause Evaluation (CCE) (AR 0618-77146) was initiated to identify common 
issues that challenged construction of ISFSI facilities and fuel transfer operations. 

• Reportability Root-Cause Evaluation (RRCE) (AR 1218-33805) was initiated to 
determine why a report was not submitted to the NRC within the required time-frame. 

The RCE Ql-2529 identified one root cause and five contributing causes. Specifically, 
the evaluation determined that the root cause of this event was: "Ho/tee Management 
failed to recognize the complexity and risks associated with fuel transfer operation while 
using a relatively new system design (UMAX) in conjunction with a long duration 
campaign, and thus, did not implement necessary program improvements or the 
necessary level of oversight.'' The licensee determined that the contributing causes 
were: ( 1) inadequate content in procedures to recognize special conditions related to a 
new equipment system (UMAX); (2) the design review process did not ensure that 
unintended consequences of design features were captured; (3) communication 
protocols with a chain of command established during canister movements were not well 
defined; ( 4) Holtec had not established a continuous learning environment which 
promoted the use of internal and external operating experience; (5) the Holtec Training 
Program did not consider the uniqueness of the UMAX system relative to the other 
HI-STORM systems nor the uniqueness of challenges raised in a long-term project, 
which led to not fully establishing qualification or proficiency requirements for the task 
performers. 

As a result, Holtec identified and addressed a significant number of weaknesses in the 
areas of design review, procedures, training, safety culture, operating experience, 
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corrective action processes, and communications. The SCE reviewed and approved 
Holtec RCE Ql-2529 and the associated corrective actions through the SONGS's 
Corrective Action Program (CAP) as Action Request (AR) 0818-76588. 

The ACE 0818-20356 identified one apparent cause and two contributing causes. 
Specifically, the evaluation determined that the apparent cause was: "SCE /SFSI 
Project Management failed to establish a rigorous process to ensure technically accurate 
Ho/tee Procedures, adequate SCE and Ho/tee training to support procedure 
implementation, and sufficiently detailed Oversight Specialist guidance." The licensee 
determined that the contributing causes were: ( 1) SCE project management 
observations were not being routinely performed, and (2) SCE project management had 
not consistently reinforced initiation of an AR for deviations from what was expected, 
even if covered by procedure, or that result in additional dose. As a result, the licensee 
identified and addressed a significant number of weaknesses in the areas of vendor 
material reviews, training for oversight individuals, oversight processes, safety culture, 
operating experience, and corrective action processes. 

The CCE 0618-77146 identified one common cause and one contributing cause. 
Specifically, the licensee's evaluation determined that the common cause was: "Ho/tee 
did not staff the project with knowledgeable experienced personnel to effectively 
manage, and administer, the Ho/tee Quality Assurance Program or the Ho/tee Corrective 
Action Program." The licensee determined that the contributing cause was: ( 1) Holtec 
procedures and processes that feed into the Holtec CAP, were not sufficiently detailed or 
prescriptive to guide or instruct a person with limited quality and CAP experience to 
identify and effectively resolve conditions adverse to quality and/or trends in a timely 
manner. As a result, the licensee identified and addressed weaknesses in the areas of 
CAP processes and CAP training in both the Holtec and SCE CAP programs. 

The RRCE 1218-33805 identified one root cause and two contributing causes. 
Specifically, the licensee's evaluation determined that the root cause was: "SCE 
Management failed to recognize the transition to fuel transfer operations as requiring the 
integration, familiarization, and application of 10 CFR 72. 75 reporting requirements into 
plant processes." The licensee determined that the contributing causes were: ( 1) There 
was a lack of guidance to facilitate understanding of the wording in 10 CFR 72.75(d); 
and (2) SCE management did not encourage, and the organization did not demonstrate, 
a conservative bias for reporting. As a result, the licensee identified and addressed 
weaknesses in the areas of reportability training and the reportability process. 

c. Observations 

An observation was identified by the NRC inspectors during the review of the four causal 
evaluations, which related to contributing causes. The inspectors identified that the 
licensee failed to address one potential contributing cause of the spent fuel storage 
canister downloading event. Specifically, the inspectors noted that the site emphasis on 
minimizing radiation dose directly led to personnel critical to the oversight of the 
downloading evolution being relocated to a low dose area where direct observation of 
the downloading activities was not possible. This led to a partial loss of command and 
control of the evolution and was likely a contributing cause of the event. 

The inspectors noted that this potential causal factor was identified in the 
ACE 0818-20356. However, the causal factor was not identified as a contributing factor 
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nor tracked as a specific corrective action in the ACE 0818-20356 or RCE Ql-2529. The 
inspectors identified through interviews with the loading personnel that training on this 
causal factor was conducted for personnel involved in future downloading operations. 
However, the inspectors were unable to verify the subject was captured in the licensee's 
training lessons and training presentations. In response, the licensee initiated corrective 
action AR 0219-25489 to address the NRC identified issue. Corrective actions taken 
included revising the radiation protection work plan and training lesson plans to include 
radiation protection lessons learned. Corrective actions taken were adequate to resolve 
the NRC observation. 

d. Conclusions 

The inspectors independently reviewed the licensee's causal evaluations for the 
performance issues and significant findings that existed which ·1ed to the misalignment 
incident. The NRC concluded that the evaluations were conducted to a level of detail 
commensurate with the significance of the problems and the root causes combined with 
the contributing causes and adequately addressed the findings presented in the NRC 
Special Inspection Report. The inspectors also concluded that the root and contributing 
causes of the significant performance issues were understood by the licensee. One 
observation was identified by the NRC related to the identified contributing causes, 
which was subsequently entered into the CAP and addressed by the licensee to resolve 
the NRC concern. As a result, Inspection Objective 1 was met. 

1.2.2 Extent of Condition and Extent of Cause Evaluation (Objective 2) 

a. Overview 

The inspectors verified that the significant performance issues were evaluated using a 
systematic methodology. The inspectors evaluated whether the root-cause evaluation 
was conducted to a level of detail commensurate with the significance of the problems, 
and that it included a consideration of prior occurrences of the problems and knowledge 
of prior operating experience. Additionally, the inspectors assessed whether the causal 
evaluations addressed the extent of condition and extent of cause associated with the 
significant performance issues and assessed whether the licensee appropriately 
considered safety culture traits. 

b. Assessment 

The inspectors determined that the licensee's causal evaluations used systematic 
methodologies and were conducted to a level of detail commensurate with the 
significance of the problems. The identified causes, discussed in the previous section, 
are the results of an aggregate review using multiple analytical techniques. The 
inspectors also determined that the causal evaluations included a consideration of prior 
occurrences of the problems and knowledge of prior operating experience. 

The licensee used the following systematic methods to complete the four causal 
evaluations: 

• The RCE Ql-2529 applied: 1.) Five Whys Approach; 2.) Barrier Analysis; 
3.) Organizational and Programmatic Assessment; 4.) Human Factor Analysis; 
5.) Comparative Time Line; and 6.) Safety Culture Assessment 
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• The ACE 0818-20356 applied: 1.) Cause and Effect Charting; and 2.) Lines of Inquiry 
List 

• The CCE 0618-77146 applied: 1.) Pareto Chart; and 2.) Bin Assessment 

• The RRCE 1218-33805 applied: 1.) Cause and Effect Charting; 2.) Barrier Analysis; 
and 3.) Safety Culture Assessment 

The inspectors determined whether the licensee's causal evaluations addressed extent 
of condition and extent of cause of the problems identified in the reviews. Specifically, 
the RCE Ql-2529 assessed the degree that the actual condition may exist in plant 
equipment, processes, or human performance that could result in the same or similar 
consequences. The extent of cause-initiated changes within Holtec's processes, which 
included evaluation of other facility's downloading procedures, verification of crew 
composition, qualifications, lessons learned, training enhancements, and design 
reviews. 

The licensee's ACE 0818-20356 assessed all other fuel movements and heavy lifts at 
SONGS. The extent of cause review-initiated changes in all other ISFSI loading 
procedures and reviews of ISFSI non-loading procedures. Additionally, changes were 
initiated in licensee oversight of other vendor activities, including decommissioning 
activities, in the areas of training, document reviews, oversight observation programs, 
and lessons learned. 

The licensee's RRCE 1218-33805 assessed additional areas where reportability may 
have been required but was not made to the NRC. Through that review the licensee 
determined one notification to the NRC was required. This notification related to the 
lateral clearance between the low-profile transporter and other structures (e.g. light 
posts), and the low-profile transporter's center of gravity was not maintained in 
accordance with the seismically analyzed limits. The licensee made the required 
notification to the NRC under 10 CFR 72.75(d)(1) on December 20, 2018 (Event 
Notification (EN) 53798) (see Section 2.2.2 for further discussion of the licensee event 
report). The extent of cause review addressed other reporting requirements within 
_10 CFR 72. 75 and other applicable federal regulations. Additional actions were taken to 
enhance training and procedural processes to ensure reporting requirements would be 
followed as required in 10 CFR Parts 20, 49, 50, 71, and 72. 

c. Observations 

An observation was identified by the inspectors during the extent of condition review for 
the four causal evaluations. The inspectors identified that the licensee failed to perform 
one of the extent of condition reviews described in ACE 0818-20356. Specifically, 
Corrective Action (CA) 17 (CA-17), which stated, for Holtec procedures, other than 
operating procedures, determine which ones have a potential impact on operations and 
conduct a review using the review guidance in Corrective Action to Prevent 
Recurrence 2 (CAPR-2). The CAPR-2 task actions were to include additional 
requirements in procedure S0123-XV-93, "Contractor Oversight," to ensure a more 
rigorous review was completed by SCE oversight staff before accepting the document 
for use at the station . 
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The NRC inspectors identified that this review of Holtec non-loading/maintenance 
procedures had not been performed as specified in CA-17. In response, the licensee 
initiated corrective action AR0818-20356 to perform the required review. The review 
included approximately 15 Holtec procedures which involved areas of crane 
maintenance, special lifting device maintenance, vertical cask transporter (VCT) 
maintenance, foreign material control program, weld examination program, etc. The 
inspectors reviewed the comments and discrepancies that were identified by the SCE 
staff from the review. The documentation of the review included a table of all comments 
identified by SCE staff and the revised procedures tha.t documented that identified 
issues were changed. The corrective actions taken were adequate to address the NRC 
observation. 

d. Conclusions 

The inspectors determined that the licensee evaluated the issues using systematic 
methodologies to identify root and contributing causes. Additionally, the inspectors 
concluded that the licensee's causal evaluations addressed the extent of condition and 
extent of cause of the issues and appropriately considered safety culture traits. One 
observation was identified by the inspectors which was related to the extent of condition 
review. The licensee addressed the issue by taking adequate corrective actions. As a 
result, Objective 2 was met. 

1.2.3 Corrective Actions Taken (Objective 3) 

a. Overview 

The inspectors reviewed the licensee's causal evaluations to assess whether 
appropriate corrective actions were specified for the root and contributing causes or that 
the__ licensee had an adequate evaluation for why no corrective actions were necessary. 
The inspectors also assessed whether the corrective actions had been prioritized with 
consideration of the safety significance and regulatory compliance. The inspectors 
evaluated whether the corrective actions taken to address and preclude repetition of 
significant performance issues were prompt and effective, and whether the violations, 
related to the NRC Special Inspection, had been adequately addressed. 

b. Assessment 

The corrective actions taken by the licensee are described below in the following areas: 
(1) Licensee Oversight; (2) Procedures; (3) Training; (4) Equipment and Personnel; 
(5) Corrective Action Program; and (6) Reportability. 

(1) Licensee Oversight 

The licensee's ACE 0818-20356, contained the majority of the corrective actions for 
the area of licensee oversight. Corrective actions drove extensive changes to the 
training and qualification program thatan ISFSI oversight specialist is required to 
complete. The licensee increased the number of oversight specialists that directly 
observe ISFSI operations from approximately 10 to 14 individuals. All existing and 
new specialists were required to complete the enhanced qualification program 
requirements. The licensee assigned a specific training manager to oversee the 
enhanced training/qualification program. The licensee developed new lesson plans as 
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part of the qualification process. The new lesson plans included training on new load 
monitoring equipment, new task specific guides for field observations, new oversight 
roles and responsibilities, expectations, procedure changes, use of the corrective 
action program, acceptance review process changes, lessons learned, and other 
topics. 

The licensee developed procedure G-XV93-PTP-01, "Pool to Pad Job Guide Desktop 
Guide," Revision 0. The inspectors reviewed the procedure and observed that it 
contained job guides for the ISFSI oversight specialists to use as a tool to assist in 
preparation and observational direction on the critical tasks during fuel transfer 
operations. The procedure described key elements of all work activities, detailing how 
and why tasks were critical. The guide directed the ISFSI oversight specialists to 
which specific tasks were required to be observed. The inspectors' review concluded 
that the task guide contained all critical tasks associated with fuel operations. 

The licensee's sile acceptance process of vendor procedures and training documents 
were revised. The changes included additional requirements to ensure a rigorous 
review prior to procedure acceptance and use at SONGS. The inspectors reviewed 
the procedure changes and the package of reviews conducted by oversight personnel 
to ensure all new and previously accepted documents received the same level of 
review. The inspectors concluded that the changes were appropriate, the reviews 
were thorough, and all identified issues were adequately addressed and corrected. 

The licensee's changes included developing an oversight management organization to 
conduct observations on oversight specialists while they performed their field duties. 
The program included peer-to-peer observational requirements by decommissioning 
oversight personnel, as well as management observational requirements of the ISFSI 
oversight personnel. The program also contained effectiveness review requirements 
to ensure the required peer and management observations were effective and 
completed as required. The inspectors reviewed audit packages that were performed 
on oversight specialists during training exercises. The peer and management 
observations were well documented, and all identified enhancements and coaching 
items were captured in the licensee's CAP. The NRC concluded that the licensee had 
made substantial improvements throughout the ISFSI oversight program. No NRC 
observations were identified in this area. 

(2) Canister Handling Procedures 

The licensee's ACE 0818-20356 and RCE Ql-2529 evaluations of the misalignment 
incident identified corrective actions which were intended to address procedural 
inadequacies that contributed to the incident. To address identified issues, the causal 
evaluations recommended corrective actions for the procedures that included the 
following changes: ( 1) continuous monitoring of weight sensing equipment during 
downloading operations; (2) establishment of clear underload criteria for when to halt 
downloading operations; (3) defining crew member roles and responsibilities by title; 
(4) listing qualification requirements for the specified roles; (5) listing critical steps in 
procedures; (6) defining responsibilities of cask loading supervisors; and (7) identifying 
areas where escalated management oversight was required. 

Changes (1) and (2) were specifically directed at Holtec Procedure HPP-2464-400, 
"MPC Transfer at SONGS," Revision 17. The NRC inspectors reviewed the procedure 
revisions that included the new requirement to continuously monitor the canister 
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weight. The procedure revisions included establishment of clear underload criteria for 
when to halt downloading operations. The revised procedure directed the VCT 
operator and VCT platform rigger to maintain visual contact with the VCT control panel 
screen, load shackle tablet weight display screen, and downloader slings during 
canister downloading operations. 

Procedure HPP-2464-400, Section 7.6, "Canister Download into Cavity Enclosure 
Container (CEC)," was revised to include steps to record the canister weight and to 
establish an underload restriction value. These changes included contingency steps 
for re-centering the canister if downloading operators noted a restriction in downward 
travel. The procedure also directed stop work requirements if certain underload 
conditions were experienced. Those actions included withdrawing the canister back 
into the transfer cask, making the appropriate notifications to site management, and 
condition report initiation into the CAP. 

Changes (3) through (7) were applied to all operational procedures related to dry cask 
storage operations at SONGS. Those procedures included HPP-2464-100, "MPC Pre­
Operation Inspection;" HPP-2464-200, "MPC Loading at SONGS;" HPP-2464-300, 
"MPC Sealing;" HPP-2464-400, "MPC Transfer at SONGS;" HPP-2464-500, "MPC 
Unloading;" and HPP-2464-600, "Responding to Abnormal Conditions." The NRC 
inspectors verified that each of those procedures were updated with the new 
requirements. 

(Closed) Notice of Violation VIO 07200041/2018-001-04 1 Failure to provide adequate 
instructions in procedures, 10 CFR 72.150, EA-18-155 

The NRC Special Inspection Report documented a violation of NRC requirements 
related to the licensee's failure to prescribe activities affecting quality by documented 
instructions or procedures of a type appropriate to the circumstances and include 
appropriate quantitative or qualitative acceptance criteria for determining that important 
activities had been satisfactorily accomplished. 

The licensee responded to the Notice of Violation and described the corrective steps 
taken to ensure full compliance in SCE submittal to the NRC, dated December 26, 
2018 (ADAMS Accession ML 18362A 148). The inspectors reviewed the licensee's 
implemented corrective actions related to procedural direction during follow-up 
inspection activities. The inspectors concluded, based on the changes described 
above, that the licensee had performed adequate corrective actions to restore 
compliance, address extent of condition, and prevent recurrence. 

However, the inspectors made observations related to the corrective actions to 
improve Holtec Procedure HPP-2464-400 (see Section 1.2.3.c.(2)). The licensee 
subsequently addressed the NRC observations. No additional deficiencies were 
identified during NRC's review of this violation. 

This closes VIO 07200041/2018-001-04, "Failure to provide adequate instructions in 
procedures" (10 CFR 72.150), EA-18-155. 

(3) Training 

Inadequate training was identified by the licensee as a contributing cause that led to 
the canister misalignment event. Specifically, RCE Ql-2529 Contributing Cause 5 
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stated, in part; that the "Holtec training program did not consider uniqueness of UMAX 
system relative to HI-STORM or uniqueness of challenges raised in a long-term project 
which led to not fully establishing qualification or proficiency requirements for the Task 
Performers when transferring a canister into a UMAX system." 

The licensee had several corrective actions associated with training, for both fuel 
handling personnel and oversight personnel, which broadly included: updated initial 
training, on-the-job demonstrations, updated qualifications, ongoing proficiency 
requirements, updated training lesson plans, scripted pre-job briefs, and the 
incorporation of site-specific operating experience into the training program. The 
specific corrective actions associated with training included: 

• CA-19 and CA-20: Developed a SONGS site-specific training program and 
procedures which augmented the existing Holtec corporate training program and 
procedures. The corrective actions required that the site training program to include 
a site-specific task list and a task to training matrix which described all the 
applicable positions of a fuel handling crew to be utilized at SONGS. The corrective 
actions required all positions to be described and minimum training and 
qualifications for each position listed. The training program was required to include 
the appropriate elements of a systematic approach to training (SAT). 

• CA-22: Included a 10 CFR 72.48 evaluation to incorporate additional text into 
Chapter 9 of the FSAR to add criteria for load limits, training, procedure compliance, 
and use of engineering features. 

• CA-23: Required the addition of a training consultant to perform an evaluation of 
the current site-specific training program, including effectiveness, and to provide 
recommendations for improvements to the Holtec standard training program. Areas 
of evaluation included, but were not limited to, review and enhancement of task 
analysis matrices, the development of training programs, implementation plans, 
proficiency requirements, and requalification requirements. 

• CA-24: Required training and qualification for all loading personnel currently 
assigned to the project in accordance with new SONGS site-specific training 
program requirements (CA-20). 

The licensee concluded that procedure HSP-34, "Training of Subcontracted Field 
Service Personnel," which was previously used to train and qualify the pool-to-pad 
personnel, was not based on a SAT. A site-specific training program, HPP-2464-1134, 
'Training of site services personnel," Revision 1, was developed by the licensee and 
reviewed by the inspectors. This SAT based program was developed to be used in 
conjunction with procedure HSP-34. 

A SAT program is defined in 10 CFR 55.4, and includes the following attributes: 
( 1) systematic analysis of job performance requirements and training needs; (2) the 
derivation of learning objectives, based upon the preceding analysis, wllich describe 
desired performance after training; (3) the training program design and implementation 
based on the learning objectives; ( 4) the evaluation of trainee mastery of learning 
objectives during training; and (5) the training program evaluation and revision based 
upon the performance of trained personnel in the job setting. 
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The new site-specific training procedure HPP-2464-1164 required: 

• All positions to be described and minimum training and qualifications for each 
position listed in a training matrix. 

• To contain the minimum qualification requirements to ensure that personnel were 
appropriately trained prior to performing fuel transfer activities. 

• To include the appropriate elements of a SAT program. 

The training corrective actions required the licensee to update all lesson plans, which 
included an additional 13 new lesson plans and development of seven new on-the-job 
training requirements using the SAT process. The corrective action program and 
Operating Experience (OE) programs were included as a feedback loop into the 
training program as required by procedure HPP-2464-1164. In addition, the licensee 
staffed a site program training manager to oversee the training program and ensure 
the SAT program elements were maintained. Finally, th~ inspectors reviewed the 
changes in UMAX FSAR, Chapter 9, to verify the change included revised language 
from CA-22. 

{Closed) Notice of Violation VIO 07200041/2018-001--03, Failure to assure that 
operations of important-to-safety equipment were limited to trained and certified 
personnel, 10 CFR 72.190, EA-18-155 

The NRC Special Inspection documented a violation of NRC requirements related to 
the licensee's failure to assure that operation of equipment and controls, that had been 
identified as ITS in the Safety Analysis Report, were limited to trained and certified 
personnel or were under the direct supervision of an individual with training and 
certification in the operation. 

The licensee submitted a response to the NRC on December 26, 2018 (ADAMS 
Accession ML 18362A 148), which contained the corrective steps taken to ensure full 
compliance was achieved. The inspectors reviewed the licensee's implemented 
corrective actions related to the training of personnel during follow-up inspection 
activities. The inspectors concluded, based on the changes described above, that the 
licensee had performed adequate corrective actions to restore compliance, address 
the extent of condition, and prevent recurrence. No additional deficiencies were 
identified during the inspectors' review of this violation. 

This closes VIO 072-00041/2018-001-03, "Failure to assure that operations of 
important-to-safety equipment were limited to trained and certified personnel" 
(10 CFR 72.190), EA-18-155. 

( 4) Equipment and Personnel 

The licensee's causal evaluation contained corrective actions to implement a new load 
monitoring system, increased the number personnel present during downloading 
operations, and added remote monitoring capabilities to limit canister misalignments 
and prevent a condition in which the lifting devices no longer controlled the weight of 
the canister. 
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The new load monitoring equipment included two load sensing shackles, which were 
placed in-line with each respective downloading sling. These dual and redundant load 
sensing shackles were calibrated by an approved vendor to an accuracy of ±1 % of the 
actual weight. The load sensing shackles wirelessly transmitted the weight of the 
canister to two digital readout tablets. Each tablet was equipped with an audible and 
visual alarm that would activate when the weight decreased below the established set 
points. One tablet was positioned next to the Holtec cask loading supervisor and SCE 
oversight specialist. The second tablet was positioned above the VCT control box and 
could be observed by both the VCT operator and an additional spotter, who was 
required to be on the VCT platform during downloading operations. 

As part of the equipment enhancements, the licensee installed a camera on the side of 
one of the VCT towers. The camera was positioned to provide an overhead view of 
the top of the canister as it passed through the transfer cask into the ISFSI vault. The 
camera wirelessly displayed the video feed to a monitor that was located next to the 
Holtec cask loading supervisor and the SCE oversight specialist. 

Other enhancements included increased number of personnel on the ISFSI pad during 
downloading operations from the two personnel (VCT operator and rigger in the 
man-basket) during the August 3rd incident to nine individuals on the ISFSI pad. This 
included an additional rigger in a separate elevated lift-basket to visually observe the 
canister as it was lowered through the transfer cask into the ISFSI vault. 

During the downloading demonstrations performed by the licensee January 28 through 
February 1, 2019, the NRC inspectors observed the licensee successfully utilize the 
new equipment to safely lower a canister into the ISFSI vault. However, the inspectors 
identified two violations of NRC requirements regarding the licensee's equipment 
implementation and procurement of the new load monitoring equipment (see 
Section 1.2.3.c.(3) and (4)). 

(5) Corrective Action Program 

The licensee's ACE 0818-20356, RCE Ql-2529, and CCE 0618-77146 identified 
corrective actions to address deficiencies in the CAP. The ACE 0818-20356 identified 
that ISFSI project management had not encouraged initiation of condition reports for 
deviations experienced in dry cask storage operations as a contributing cause. The 
RCE Ql-2529 identified that Holtec had not fostered an environment that promoted 
sharing of internal and external operating experiences among the dry cask storage 
workers. The CCE 0618-77146 identified Holtec procedures and processes that input 
to the Holtec Field Condition Report (FCR) process and the Holtec CAP, were not 
sufficiently detailed or prescriptive to guide or instruct a person with limited quality 
assurance (QA) and CAP experience to identify, and effectively resolve, conditions 
adverse to quality and/or trends in a timely manner. 

To address these issues, all three of these causal evaluations recommended 
corrective actions in the area of the CAP which included the following actions: 
(1) conducting a lessons learned case study based on recent events to clarify 
condition report initiation; (2) developing oversight specialist condition report training; 
(3) revising procedure HSP-42, "Project Manager's Desktop guide for Site Services 
Pool to Pad Projects," to include a section on operational experience; (4) revising 
procedure HSP-35, "Procedure for Field Condition Reports and Procedure Field 
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Change Notices for All Site Work," to provide clarification on the threshold for condition 
report initiation; (5) establishing a process to ensure operational experiences were 
communicated across and within project areas; (6) assigning a qualified and 
experienced full time Holtec QA Manger to the ISFSI Project to oversee the CAP; 
(7) developing a SCE CAP training plan; and (8) requiring Holtec to adopt and adhere 
to SCE's CAP for SONGS related work activities. 

Action ( 1) required SCE to develop a personnel training module that included specific 
events identified during active fuel transfer operations that provided lessons learned 
applicable to improving SCE's implementation of its CAP. The training developed by 
SCE included examples of deviations experienced during the loading campaign and at 
other sites as well as the August 3, 2018, downloading operations. The inspectors 
reviewed the training documentation and verified that applicable dry cask storage staff 
had completed the required training. 

Action (2) involved training the SCE oversight specialists in documenting issues into 
the oversight specialist database. The training emphasized the documentation of 
relevant issues or comments into the database with sufficient detail such that the 
observed deficiencies could be understood. The inspectors reviewed the training 
documentation and verified the roster of ISFSI oversight specialists had completed the 
required training. 

Action (3) revised procedure HSP-42 to include steps which required operating 
experience, lessons learned, and best practices encountered during the execution 
phases of fuel loading operations to be captured by the Holtec project manager. Six 
sources of operating experience were identified: (1) standard shift turnover sheets; 
(2) FCRs; (3) management observation program comments; (4) site services weekly 
project updates/conference calls; (5) the Holtec Users Group database; and (6) the 
Holtec Lessons Learned database. The operating experience collected from these 
sources was required to be shared with dry cask storage workers during pre-job 
briefings and two-minute drills, as applicable, by the Holtec site project manager. 

Action (4) revised procedure HSP-35 to provide procedural clarification on the 
threshold for initiating an FCR. The definitions section of procedure HSP-35 was 
expanded to include "Short-term Operations." A procedure step was included that 
explained that "any observed event during Short-term Operations that indicated an 
abnormal or unexpected condition shall be entered into the FCR tool for further 
evaluation." 

Action (5) revised procedure HSP-42 to require the project manager to collect and 
disseminate pertinent operating experience to the appropriate dry cask storage 
personnel on a reutine basis. This corrective action also relied on changes made to 
procedure HSP-35, which lowered the threshold for FCR reporting; SCE CAP training, 
which redefined the lower thresholds for problem identification; and 
procedure HSP-1101, "Procedure for Project Risk Management," which was revised to 
include lessons learned and operating experience documentation that must be 
reviewed for potential risk impacts. 

Action (6) appointed a QA manager for Holtec to the SONGS facility. The appointee 
had experience with 10 CFR Part 50, Appendix 8, and 10 CFR Part 72, Subpart G, 
requirements. The quality manager tasks included actions to improve quality in work 
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performed at SONGS, interface with Holtec personnel, maintaining high standards for 
Holtec work activities, performing corrective action evaluations, performing trending on 
FCRs, and addressing quality related issues as they are identified on site. The NRC 
inspectors reviewed the new quality assurance manager's resume and confirmed the 
individual had the knowledge and experience to perform the required responsibilities. 

Action (7) required CAP training to be provided to site personnel. The NRC reviewed 
lesson plans and attendance records. The training lesson plans contained all the 
required information described in .the causal evaluation and included additional 
enhancements to strengthen the CAP. 

Action (8) required all workers, including contractors, to use the SCE CAP for activities 
on site. The NRC reviewed the revised process, which included an organization chart 
to identify which onsite personnel would have access to SCE's Action Request system 
and documentation that showed Holtec managers and workers had been provided 
credentials to access the Action Request system. 

(Closed) Notice of Violation VIO 07200041/2018-001-01 , Failure to identify and correct 
conditions adverse to quality ( 10 CFR 72 .172}, EA-18-155 

The NRC Special Inspection documented a violation of NRC requirements related to 
the licensee's failure to establish measures to ensure that conditions adverse to 
quality, such as failures, malfunctions, deficiencies, and deviations were promptly 
identified and corrected. 

The licensee submitted a response to the NRC on December 26, 2018 (ADAMS 
Accession ML 18362A 148) which contained the corrective actions taken to ensure full 
compliance was achieved. The inspectors reviewed the corrective actions 
implemented related to the use of the licensee's corrective action program during 
follow-up inspection activities. The inspectors concluded, based on the changes 
described above, that the licensee had performed adequate corrective actions to 
restore compliance, address the extent of condition, and prevent recurrence. No 
additional deficiencies were identified during the inspectors' review of this violation. 

This closes VIO 07200041/2018-00101, "Failure to identify and correct conditions 
adverse to quality" (10 CFR 72.172), EA-18-155. 

(6) Reportability 

The licensee performed a reportability root cause evaluation (RRCE 1218-33805) to 
evaluate their failure to make an event notification to the NRC Operations Center for 
the August 3, 2018, misalignment incident. The corrective actions to address the 
identified causes included the following actions: ( 1) developing 10 CFR 72. 75 training 
that identified ITS components, potential accidents, and failures that influence 
reportability; (2) establishing requirements for biennial refresher training; 
(3) conducting reviews to determine potential reportability requirements related to 
other site activities; ( 4) conducting reviews to determine the target audience for 
training the reportability changes; (5) revising site notification procedures to have a 
more conservative reporting bias and the identification of the Shift Manager as the 
individual responsible for the final decision on reportability for the site; (6) developing 
and conducting a case study with licensee managers and regulatory assurance 
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personnel on the communications and reportability aspects of the August 3, 2018, 
incident; and (7) conducting all-hands briefings regarding the reportability violation and 
future expectations for reporting. 

For actions (1) through (4), SCE developed 10 CFR 72. 75 training and required 
biennial refresher training. This training was delivered to SCE managers and 
Regulatory Assurance personnel. The training included discussions of accidents and 
design basis events for both the UMAX and NUHOMS ISFSI designs. The training 
included the descriptions and function of ITS structures, systems, and components 
and potential failures that would require reporting under 10 CFR 72. 75. The training 
and biennial refresher requirements were included under the Shift Manager/Certified 
Fuel Handler Training Program. The initial target audience was SCE managers and 
Regulatory Assurance staff. 

Action (5) required that SCE revise procedure S0-123-0-A7, "Notification and 
Reporting of Significant Events," to have a conservative bias toward reporting 
requirements. The procedure was revised to include guidance that if the condition 
being considered did not literally meet the reporting criteria, but was close, then the 
staff was directed to make a voluntary report using the closest reporting requirement 
that matched the condition under consideration. This was required to be completed 
within the time-frame stipulated by the reporting requirement. Procedure S0-123-0-A7 
was also revised to encourage the voluntary reporting of any event or condition that 
could have safety significance or represent a generic concern. 

The reporting procedure was further revised to identify the Shift Manager as the site 
individual responsible for making the final decision on reportability. Lastly, the SCE 
notification procedure was revised to include Attachment 11, "Reportability 
Determination," for a decision-making flow-chart. The flow-chart required the Shift 
Manager to chair a Reportability Management meeting/conference call to discuss 
potential reporting conditions. The call decision was required to be documented with 
the date and time of the decision, the start-time of the reportability clock, when the 
report was due, and the date/time the event notification was made. 

Action (6) required the licensee to develop a case study training module that covered 
the specifics of th~ August 3, 2018, misalignment incident and the contributing factors 
that led to the licensee's failure to properly assess the event and to report the incident 
to the NRC Operations Center, as required by 10 CFR 72.75(d)(1). The case study 
discussed the specific details of the incident, acknowledged missed opportunities, and 
provided examples of how the notification procedure was revised to prevent 
recurrence of the notification failure. The case study required attendees to fill out a 
work-sheet that asked specific questions related to the event. 

Action (7) required that the Chief Nuclear Officer provide an all-hands briefing to SCE 
staff and a separate briefing to SCE managers to discuss the violation. The briefings 
were to discuss the licensee's failure to make the 24-hour NRC notification, the causes 
of the failure, and management expectations for a conservative bias when making 
reportability decisions moving forward. 
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(Closed ) Notice of Violation VIO 072-00041/2018-001-05. "Failure to make 24-hour 
notification" (10 CFR 72.75). EA-18-155 

The NRC Special Inspection documented a violation of NRC requirements related to 
the licensee's failure to make a required 24-hour notification to the NRC within the 
required timeframe. 

On November 8, 2018, the licensee issued Licensee Event Report (LER) 2018-001-0 
(ADAMS Accession ML 18317 A060) in accordance with 10 CFR 72. 75(d)(1) for the 
event and restored compliance. The licensee submitted its response to the Notice of 
Violation, on April 23, 2019 ADAMS Accession ML 19116A056), which contained the 
corrective actions taken to ensure full compliance was achieved. 

The NRC concluded that SCE's completed and proposed corrective actions, as 
described above, restored compliance, addressed extent of condition, and were 
adequate to prevent recurrence. No additional deficiencies were identified during the 
inspectors' review of this violation. 

This closes VIO 072-00041/2018-001-05, "Failure to make 24-hour notification," 
(10 CFR 72.75), EA-18-155. 

c. Observations and Findings 

(1) Executive Oversight Board 

The inspectors observed that CAPR-1 associated with the RCE Ql-2529 appeared to 
be administrative in nature and did not meet the level of rigor associated with a CAPR, 
which should serve to preclude repetition of significant performance issues. The 
CAPR assigned changes to the Executive Oversight Board agenda to provide an 
increased focus on early identification of challenges to the project to ensure issues 
were properly resolved before undesired events occurred. 

In response to the inspectors' observation, the licensee placed the identified 
observation into the corrective action program as AR-0818-7655. The licensee 
bolstered the required changes to the Executive Oversight Board agenda to 
incorporate additional techniques to review Management Review Meeting data, 
participation to evaluate current performance against risk registers, evaluate industrial 
safety trends, review quality metrics, and review SCE oversight effectiveness. The 
changes provided rigor to the agenda which served to consistently evaluate project 
performance against pre-determined standards. The NRC inspectors reviewed the 
new meeting agenda to verify the topics reviewed would ensure early identification of 
challenges to the project. Based on the licensee's changes and level of detail that 
would be reviewed during the meetings, the NRC concluded that the changes were 
appropriate to support early identification of significant performance deficiencies. 

(2) Downloading Procedure 

The inspectors determined that SCE had made substantial improvements to fuel 
handling procedures to ensure safe operations. However, the NRC identified that 
notable procedural weaknesses remained in downloading procedure HPP-2464-400 
"MPC Transfer at SONGS," Revision 17. Procedure weakness included: (1) missing 
contingency steps for potential new equipment failures; (2) while there were some 
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criteria specified for when to suspend downloading operations, not all scenarios were 
addressed; and (3) the procedure lacked some steps necessary to maintain seismic 
qualifications during cask transport from the fuel building to the spent fuel storage pad . 

In response, the licensee initiated AR 0119-81239-10 and AR 0119-81239-9 to capture 
the inspectors' observations. The licensee took corrective actions and addressed the 
identified omissions in the next procedural revision. 

(3) Equipment Designation 

Corrective action CA-1, associated with ACE 0818-20356, implemented guidance for a. 
load moni.toring device to ensure load indication was available to assist with 
suspending operations if the load was lost. SCE implemented the design change to 
incorporate the new load monitoring equipment using Nuclear Engineering Change 
Package (NECP) 0918-64884, "VCT Live Load Monitoring System," Revision 1. The 
load monitoring equipment included intermediate slings, a master link, and load 
sensing shackles which would be placed in-line with each of the ITS downloading 
slings. The inspectors identified that the NECP inappropriately designated the new 
load monitoring equipment as not-important-to-safety (NITS). Inspectors determined 
that since the new equipment was to be placed in-line with existing ITS downloading 
equipment, the new equipment, which failure could result in the drop of a loaded 
canister, should be controlled and designated under SCE Quality Assurance Program 
as ITS equipment. 

10 CFR 72.146(a) states, in part, the licensee shall establish measures to ensure that 
the design bases are correctly translated into specifications, drawings, procedures, 
and instructions. These measures must include provisions to ensure that appropriate 
quality standards are specified and included in design documents. 

Contrary to the above, on December 7, 2018, the licensee failed to establish measures 
to ensure that the appropriate quality standards were specified and included in design 
documents. Specifically, the licensee inappropriately designated the new load 
monitoring equipment at the wrong quality standard in NECP 0918-64884-1, 
Revision 1. 

This violation was dispositioned per the traditional enforcement process using 
Section 2.3 of the NRC's Enforcement Policy. The NRC determined that the finding 
was of low safety significance since the equipment had not been used with any loaded 
canisters and the load monitoring equipment had been purchased by the vendor at the 
appropriate quality assurance designation of ITS. This finding was determined to be of 
more than minor safety significance since if left uncorrected, the deficiency could lead 
to a more significant safety concern. 

Consistent with the guidance in Section 1.2.6.D of the NRC Enforcement Manual, if a 
violation does not fit an example in the Enforcement Policy Violation Examples, it 
should be assigned a severity level: (1) commensurate with its safety significance; and 
(2) informed by similar violations addressed in the Violation Examples. The violation 
was evaluated to be similar to Enforcement Policy Section 6.5.d.2. 

The licensee entered the issue into the CAP as AR 1218-20333. The licensee 
restored compliance by verifying that the load monitoring equipment met all applicable 
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industry standards of NUREG 0612 and American National Standards Institute (ANSI) 
N14.6 requirements to meet the ITS qualification and revised the design change 
package to include the correct designation. Additional corrective actions taken by the 
licensee to preclude repetition included: performing an event investigation, conducting 
training for the SCE engineering team, conducting reviews of implementing 
procedures, and updating the site's Quality Equipment List. Because the licensee 
entered the finding into the CAP, the safety significance of the issue was low, and the 
issue was not repetitive or willful, this Severity Level IV violation was treated as a non­
cited violation (NCV), consistent with Section 2.3.2.a of the Enforcement Policy 
(NCV 07200044/2018-002-01, Failure to ensure appropriate quality standards 
(10 CFR 72.146)). 

( 4) Equipment Procurement 

The NRC inspectors reviewed all the procurement documents associated with the new 
load monitoring equipment that was described in NECP 0918-64884-1. This included 
reviewing the Holtec purchase specifications and equipment's certificate of 
conformance for each of the new components (load sensing shackles, master links, 
and intermediate slings). 

The weight of the loaded canister, rigging equipment, and an additional 15% dynamic 
factor was calculated to be 118,640 lbs (59.34 tons) per Hl-2156458 "Cask Handling 
Weights at SONGS," Revision 1. Each side of the rigging was required to be able to 
handle the load in the event that one side fails. This would require all rigging on each 
side to have a minimum rating of 59.34 tons. 

The inspectors identified an issue with the certificate of conformance for the 
StraightPoint load sensing shackles. The load sensing shackles were rated to the 
capacity of 185,000 (92.5) tons, which was well above the required rating. However, 
the Holtec Purchase Specification PS-223 "Procurement Specification for Significant 
Rigging," Revision 0, Step 7.0, "Special Tests," required a proof test load of twice the 
rated vertical capacity to all rigging components. This is also required by common 
industry rigging standards contained in American Society of Mechanical Engineers 
(AMSE) 830.26 "Rigging Hardware," Section 1.4.2. The inspectors identified that the 
load sensing shackles were only load tested to 1.5 times the rated capacity instead of 
the required twice the rated capacity per purchase specification PS-223. 

Additionally, Holtec's Approved Vendor List, contained the following restriction, "lifting 
equipment load testing must be performed at Aston l&I Sling factory." The inspectors 
observed that the proof load testing for the new load sensing shackles was performed 
at the manufacturer's facility (StraightPoint) and not by Aston 1&1 Slings factory per 
Holtec's Approved Vendor List's restrictions. 

10 CFR 72.154(a) states, in part, the licensee shall establish measures to ensure that 
purchased material, equipment, and services, whether purchased directly or through 
contractors and subcontractors, conform to the procurement documents. 

Contrary to the above, on December 7, 2018, the licensee failed to establish measures 
to ensure that purchased equipment conformed to the procurement documents. 
Specifically, the licensee accepted the StraightPoint load sensing shackles, which had 
not been proof load tested to twice the rated capacity as specified in Holtec Purchase 
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Specification PS-223, Step 7.0. Additionally, the licensee failed to ensure the proof 
load testing was performed by an approved vendor. 

This violation was dispositioned per the traditional enforcement process using 
Section 2.3 of the NRC's Enforcement Policy. The NRC determ·ined that the finding 
was of low safety significance since the equipment had not been used with any loaded 
canisters. This finding was determined by inspectors to be of more than minor safety 
significance because, if left uncorrected, the deficiency could lead to a more significant 
safety concern. 

Consistent with the guidance in Section 1.2.6.D of the NRC Enforcement Manual, if a 
violation does not fit an example in the Enforcement Policy Violation Examples, it 
should be assigned a severity level: (1) commensurate with its safety significance; and 
(2) informed by similar violations addressed in the Violation Examples. The violation 
was evaluated to be similar to Enforcement Policy Section 6.5.d.2. 

The licensee entered the issue into the CAP as AR 1219-52380. The licensee 
restored compliance by having the load sensing shackles proof tested to twice the 
rated capacity in accordance with purchase specification PS-223, by the Aston l&I 
Slings factory per Holtec's Approved Vendor List's restrictions. Additional corrective 
actions taken by the licensee to preclude repetition included: performing an apparent 
cause evaluation, reviewing other procured equipment documentation from Aston l&I 
Slings to ensure testing requirements were met, developing a revised SONGS rigging 
program to require an independent review and approval of vendor ITS rigging 
documentation, creating a project specific purchase specification for downloading 
shackles to provide clear details on load testing requirements, and conducting training 
for SCE site service project managers. Because the licensee entered the finding into 
the CAP, the safety significance of the issue was low, and the issue was not repetitive 
or willful, this Severity Level IV violation was treated as a NCV, consistent with Section 
2.3.2.a of the Enforcement Policy (NCV 07200044/2018-002-02, Failure to ensure 
purchased material conformed to the procurement documents (10 CFR 72.154)). 

d. Conclusions 

Based on the licensee's evaluations and actions taken in the areas of licensee oversight, 
procedures, training, equipment, corrective action program, and reportability, the 
inspectors concluded that the corrective actions implemented were appropriate to 
prevent recurrence of the issues and were adequately prioritized with consideration of 
the risk significance and regulatory compliance. The inspectors concluded that SCE's 
completed corrective actions in the areas of training, corrective action program, and 
procedures restored compliance for the violations document in the NRC Notice of 
Violation issued in the NRC Special Inspection Report. 

Additionally, the licensee's corrective actions taken to address the violation for failure to 
make a report to the NRC, documented in NRC letter of Notice of Violation and Civil , 
Penalty, were adequate to restore compliance and prevent recurrence. However, during 
the NRC's review of the corrective actions taken, the inspectors identified two 
observations and two violations of NRC requirements related to the licensee's corrective 
actions. The licensee took adequate corrective action to restore compliance on the 
issues identified through the CAP. The violations were determined to have low safety 
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significance and the Severity Level IV violations were treated as NCVs. As a result, 
Inspection Objective 3 was met. 

1.2.4. Corrective Actions Planned (Obiective 4) 

a. Overview 

The inspectors evaluated whether the corrective actions planned to address and 
preclude repetition of significant performance issues were prompt and effective, and that 
appropriate quantitative or qualitative measures of success had been developed for 
determining the effectiveness of planned corrective actions. 

b. Assessment 

The licensee's causal evaluations contained effectiveness assessments to validate that 
the corrective actions were successful. In the area of training, the licensee's corrective 
action plan included acquiring a training consultant to perform an evaluation of the new 
site-specific training program, including effectiveness, and develop recommendations for 
improvement. The recommendations would support training enhancements for the 
SONGS training program and the vendor's standard training program. The area to be 
evaluated included task analysis matrices, training program, implementation plans, 
proficiency requirements, and requalification requirements. 

In the area of operations, an effectiveness review schedule was established to assess 
the effectiveness of all corrective actions during both dry run demonstrations/training 
evolutions and during actual fuel movement activities. The review included an 
assessment of trends in lifting activities, verification of trained personnel, and detailed 
observational surveillance of lifting activities by independent auditors. The surveillance 
tasks included a review of training verification, procedure proficiency, adequate use of 
the CAP, and verification of management observations. 

The licensee's oversight effectiveness review included corrective actions to conduct 
additional procedure reviews to identify new technical deficiencies, review of oversight 
task guides to verify sufficient guidance and enhancements, and various peer 
observations of oversight individuals to verify proficiency in procedures, task guide 
knowledge, initiation of corrective actions, and ensure desired behaviors. The 
effectiveness review actions contained detailed criteria that an independent assessor 
was required to verify during the dry-run exercises and during continued fuel loading 
activities. 

In the area of reportability, the licensee's corrective actions included a new real time 
reporting exercise to be conducted monthly. All applicable individuals would be required 
to participate in the exercise. The exercises would take place for three consecutive 
months and success would be based on no incorrect reportability determinations. In 
addition, the new reportability process required the assignment of a "meeting skeptic" to 
monitor the reportability meetings to ensure the desired behavior changes continued and 
adequate determinations were made. 

c. Observations and Findings 

No findings were identified with the licensee's corrective actions planned. 
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d. Conclusion 

Based on the licensee's evaluations and documented actions planned, the inspectors 
concluded that the licensee had adequately established measures to validate the 
effectiveness of the corrective actions to prevent recurrence. As a result, Inspection 
Objective 4 was met. 

2 Follow-up of Events and Notices of Enforcement Discretion (IP 71153) 

2.1 Inspection Scope 

The inspectors evaluated licensee events to verify the licensee's corrective actions were 
adequate to restore compliance. The inspectors reviewed LERs to ensure the reports 
were timely, accurate, and the required corrective actions had been completed. 
Additionally, inspectors documented review of follow-up items from the NRC Special 
Inspection Report. 

2.2 Assessment 

2.2.1 (Closed } Licensee Event Report 2018-001-0, Spent Nuclear Fuel Canister Temporarily 
Wedged in Drv Cask Storage Container 

On November 8, 2018, the licensee issued LER 2018-001-0 (ADAMS Accession 
ML 18317A060) in accordance with 10 CFR 72.75(d)(1) and (g) for inadvertently 
disabling redundant ITS slings while lowering a spent fuel canister into the ISFSI on 
August 3, 2018. 

The NRC Special Inspection Report, dated December 19, 2018, documented three cited 
violations and two apparent violations associated with this event that were handled 
through the NRC's escalated enforcement process. 

During this supplemental inspection, the NRC inspectors reviewed the planned and 
implemented corrective actions taken by the licensee for the identified violations and 
determined the actions to be adequate to restore compliance and prevent recurrence. 

This LER is closed. 

2.2.2 (Discussed ) Licensee Event Report 2018-002-0. Spent Nuclear Fuel Transport 
Conveyance Vehicle Operated Outside Obstacle Clearance Limits 

On February 14, 2019, the licensee issued LER 2018-002-0 (ADAMS Accession 
ML 19050A170) in accordance with 10 CFR 72.75(d)(1) and (g) for past operations of the 
low-profile-transporter. The licensee identified that transporter's center of gravity was 
not maintained within limitations specified in the site's specific analysis and operations 
had been conducted too close to adjacent structures (light posts) and was outside the 
calculated clearance limits specified in the site's seismic analysis. The licensee 
identified that the site procedures did not provide sufficient detail to comply with the 
seismic stability calculation. No actual incidents with structures or collisions with 
obstacles occurred during past fuel transfer operations and there was no impact to plant 
personnel or public health and safety. 

27 

SCE-SER 000893

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-4, Page 34 of 194
(912 of 2110)



As part of the licensee's extent of condition review associated with licensee causal 
evaluation RRCE 1218-33805, the licensee notified the NRC Operations Center within 
24 hours of discovery of the issue (Event Notification 53798) and submitted an LER to 
the NRC within the 60-day time limit in accordance with 10 CFR 72.75(d)(1) 
requirements. 

As part of the review of the August 3, 2018, event, the inspectors reviewed the 
licensee's corrective actions to restore compliance and prevent recurrence. This 
included reviewing the licensee's updated seismic analysis which determined that the 
variance in the height of the conveyance, during the past operations was acceptable and 
the licensee's changes made to the transportation procedures. Additionally, the 
inspectors observed licensee perform dry run exercises that demonstrated the 
procedural changes were adequate to ensure the conveyance would remained within the 
bounds and limitations of the analysis (see Section 2.2.8). However, as reported in the 
LER, the licensee was still in progress of developing an analysis to determine if the 
operation of the conveyance with the reduced obstacle clearance was acceptable. 
Thus, this LER will remain open, pending NRC review of this additional information. 

2.2.3 {Closed) NRC Event Notification #53858. Inadequate Analysis for VCT Operations 

During the on-site portion of this inspection, the NRC inspectors observed 
demonstrations of the licensee's corrective actions associated with downloading 
operations. As the VCT approached the mating device, the procedural steps directed 
the removal of the restraint band from around the HI-TRAC WV transfer cask. As 
operations continued, the transfer cask was raised and continued to travel approximately 
15-20 feet before being lowered onto the mating device to allow downloading operations 
to begin. While traveling without the restraint band, the transfer cask was visibly rocking 
as the VCT approached the mating device. The inspectors questioned the licensee 
during the site observations to determine if the site's seismic analysis addressed and 
evaluated travel of the loaded HI-TRAC WV without the restraint band. · 

On February 2, 2019, in accordance with 10 CFR 72. 75( d)( 1) the licensee notified the 
NRC Operations Center within 24 hours of the discovery of issues regarding the past 
use of the VCT to transport spent fuel storage canisters to the ISFSI pad. The licensee 
reported that over short periods of time, the canister transport process utilizing the VCT 
could have been operated without a supporting seismic analysis while transporting 
loaded canisters for storage. The licensee subsequently retracted Event Notification 
#53858 on April 2, 2019, citing a revised seismic calculation which confirmed the 
transport process and VCT operations met the seismic requirements of the Holtec 
Certificate of Compliance. 

The licensee's failure to follow the initial site specific seismic analysis was determined by 
inspectors to be a violation of NRC requirements. This event notification is closed (see 
Section 2.2.4 below). 

2.2.4 Finding related to the Licensee's Event Notification 

The licensee's event notification EN #53858 documented that past VCT operations had 
not been conducted within the requirements of seismic evaluation Hl-2156626, "VCT 
Stability Analysis on Route to ISFSI Pad and on ISFSI Pad for SONGS," Revision 3. For 
short periods of time, the VCT seismic restraint band was prematurely removed from the 
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transfer cask prior to stack-up evolutions. Evaluation Hl-2156626, Section 4.0, 
"Assumptions," stated that, "the transfer cask and the VCT were considered to behave 
as a rigid body." The evaluation conservatively assumed the seismic restraint band, 
which braced the transfer cask to the VCT, was in position at all times during 
transportation operations. 

10 CFR 72.212(b )(3), requires, in part, that the general licensee shall ensure that each 
cask used conforms to the terms, conditions, and specifications of a Certificate of 
Compliance as listed in 10 CFR 72.214. 

10 CFR 72.214 states, in part, that Certificate Number 1040 [Docket Number 072-01040] 
Amendment Number 2, effective date January 9, 2017, is an approved cask for storage 
of spent fuel under the conditions specified in the Certificate of Compliance for the 
Holtec HI-STORM UMAX Storage System. 

Certificate of Compliance 072-01040, Appendix B Technical Specification 3.4.15 
requires, in part, the loaded transfer cask and its conveyance shall be evaluated to 
ensure, under the site-specific Design Basis Earthquake (DBE), that the cask and its 
conveyance ,does not tip-over or slide off the haul route. 

Contrary to the above, from January 30, 2018, to August 3, 2018, the licensee failed to 
ensure the cask and its conveyance was evaluated under the site-specific DBE. 
Specifically, the NRC identified that past VCT transportation operations were not 
evaluated under the site-specific DBE, since operations were conducted outside the 
requirements in seismic evaluation Hl-2156626. 

This violation was dispositioned per the traditional enforcement process using 
Section 2.3 of the NRC's Enforcement Policy. The NRC determined that the finding was 
of low safety significance since the licensee had re-performed the evaluation, addressed 
the deviation that occurred, and demonstrated the canister and its conveyance would not 
have tipped over or slipped off the haul route during those transportation operations due 
to prematurely removing the seismic restraint band. This finding was determined by 
inspectors to be of more than minor safety significance, since if left uncorrected, the 
deficiency could lead to a more significant safety concern. 

Consistent with the guidance in Section 1.2.6.D of the NRC Enforcement Manual, if a 
violation does not fit an example in the Enforcement Policy Violation Examples, it should 
be assigned a severity level: (1) commensurate with its safety significance; and (2) 
informed by similar violations addressed in the Violation Examples. The violation was 
evaluated to be similar to Enforcement Policy Section 6.1.d.1. 

The licensee entered the finding into the CAP as AR 0219-88442, 0219-22465, and 
0319-95843. The licensee restored compliance by revising the site-specific seismic 
analyses to bound transportation operations conducted at the site. Additional corrective 
actions taken by the licensee to preclude repetition included: performance of an 
apparent cause evaluation, submittal of formal reports to the NRC in accordance with 
10 CFR 72. 75( d)( 1 ), conducted training on the lessons learned, briefed the Holtec Users 
Group, and revised the process used to transmit vendor information to the NRC to 
require a documented review by the appropriate SONGS organization prior to 
transmittal. Because the licensee entered the issue into the CAP, the safety significance 
of the issue was low, and the issue was not repetitive or willful, this Severity Level IV 
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violation was treated as a NCV, consistent with Section 2.3.2.a of the Enforcement 
Policy (NCV 07200044/2018-002-03, Failure to ensure the loaded transfer cask and its 
conveyance was evaluated under the site-specific DBE (10 CFR 72.212)). 

2.2.5 Follow-up of Special Inspection Charter Items from the NRC Special Inspection 

a. Drop Evaluation 

The inspectors independently reviewed licensee's evaluation to analyze the potential 
effects of a canister drop. The licensee evaluation was documented in evaluation Hl-
2188261 "Structural Evaluation of the MPC Handling Event at SONGS," Revision 3. 
Evaluation Hl-2188261 conservatively assumed the canister fell, uninterrupted, 25 feet 
to the base of the UMAX vault. The actual height the canister potentially could have 
dropped was 18 feet. The evaluation defined a canister breach as the point at which the 
strain measured at any location exceeded the specified strain limit for the material. 

Following the guidance from NUREG-1864 "A Pilot Probabilistic Risk Assessment of a 
Dry Cask Storage System at a Nuclear Power Plant," dated March 2007, the evaluation 
considered the effects of strain rate and temperature, using a strain in the weld material 
to be estimated at 0.73 in/in (extension length/original length). Conservatively, the 
evaluation used one standard deviation below the allowable strain to establish a limit of 
0.55 in/in for the weld material. The 316 stainless steel base material had an even 
higher acceptable strain limit. Conservatively, the evaluation limited the strain of the 
base material to 0.55 in/in as well. 

The drop analysis was performed using the finite element code LS-DYNA, which has 
been validated under Holtec's Quality Assurance Program, and was a method of 
evaluation that had been used in the UMAX FSAR for other canister analyses. The 
results of the analysis resulted in a maximum computed effective strain of 0.468 in/in, 
which was below the conservative limit of 0.55 in/in for both the base metal and weld 
material. NRC inspectors independently reviewed the analysis and concluded that the 
canister would not have breached had the canister fallen 18 feet to the bottom of the 
UMAX vault. 

The condition of the fuel after the postulated drop and the canister's ability to continue to 
perform its safety function in the regards of pressure, thermal, criticality control, and 
shielding was analyzed in evaluation Hl-2188261, and Storage Position Paper DS-470, 
"Expected Fuel Damage after MPC Drop," dated November 6, 2018. The analysis 
concluded that the damage would be mostly limited to deformation and buckling of 
lowest section of the fuel rods of the spent fuel assemblies. The inspectors 
independently reviewed each safety function analysis for accident conditions with regard 
to criticality, thermal performance, shielding, and pressure. 

The inspectors concluded that expected temperature and pressure limits would have 
remained under the accident limits described in FSAR, criticality safety would have been 
maintained since the confinement boundary was not breached and the system remained 
dry, and external radiological dose rates of the canister, located in the vault, would have 
minimal increases. However, the condition of fuel after the postulated drop would not 
meet the licensing requirements for storage or transportation. The licensee would be 
required to perform either significant evaluations or supplemental operations to ensure 
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the safe retrieval, unloading, and re-packaging of the fuel while minimizing the dose to 
personnel. 

b. Scratch Evaluation 

As part of the corrective actions from the ACE 0818-20356 and RCE Ql-2529, actions 
were taken to address the discrepancies within the UMAX FSAR, specifically the 
incidental contact that occurs when a canister was downloaded into the UMAX vault. 
The UMAX FSAR, Revision 4, Sections 1.2.4 and 9.5 vii, contained design statements 
that stated: 

• Section 1.2.4, "Operational Characteristics of HI-STORM UMAX," The vertical 
insertion (or withdrawal) of the MPG eliminates the risk of gouging or binding of the 
MPG with the CEC parts 

• Section 9.5 vii, "Regulatory Compliance," Because the MPG insertion (and 
withdrawal) occurs in the vertical configuration with ample lateral clearances, there 
is no risk of scratching or gouging of the MPC's external surface (Confinement 
Boundary). Thus, the ASME Section Ill Class 1 prohibition against damage to the 
pressure retaining boundary is maintained. 

The HI-STORM UMAX MPC-37 used at SONGS is made of a type 316 stainless steel. 
It is approximately 76 inches in diameter and 17 feet tall. The 5/8" thick shell is made by 
seam welding together two cylinders of stainless steel rolled plate. The base plate of the 
MPC is approximately 3 inches thick and the top lid is 9 inches thick. Additionally, the 
divider shell inside the CEC of the UMAX vault is painted with a coating developed to 
assist in limiting scratches to the stainless steel canister during downloading. 

The canisters for the Holtec UMAX Storage System are designed and licensed to meet 
the stress intensity limits per ASME Section Ill, Subsection NB for Class 1 pressure 
vessels. Localized scratches are examples of local structural discontinuities per the 
ASME Code definition in NB-3213.3. As such, the stresses attributed to these local 
discontinuities are categorized as peak stresses per NB 3213.11, which are 
"objectionable only as a possible source of a fatigue crack or brittle facture." 

Chapter 3 of the HI-STORM FSAR states that the MPC is not vulnerable to fatigue 
failure or brittle fracture because of the passive nature of the HI-STORM UMAX system 
and its highly ductile material of construction (Type 316 austenitic stainless). Namely the 
amplitude of cyclic stresses and pressure pulsation is limited in the pressure vessel and 
remains orders of magnitude below the canister's material endurance limits. Moreover, 
peak stresses are not subject to a prescribed stress limit as summarized in FSAR 
Table 2.2.10 for primary and secondary stress categories. 

Therefore, FSAR Section 3.1.2.5 states failure from fatigue is not a credible concern for 
the HI-STORM UMAX system components. Peak stresses are specifically addressed in 
Table 3.1.10 of the UMAX FSAR which states: "Increment added to primary or 
secondary stress by a concentration (notch), or, certain thermal stresses that may cause 
fatigue but not distortion. . Because fatigue is not a credible source of failure in a passive 
system with gradual temperature changes, the cumulative damage factor from fatigue is 
not computed for HI-STORM UMAX components." The NRC inspectors concluded that 
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the localized scratches (peak stresses) on the canister are not a safety concern from the 
standpoint of ASME Section Ill, Subsection NB stress intensity limits. 

The SONGS canisters were designed and fabricated to contain a shell thickness of 1 /8" 
(0.125 inch) thicker than the standard canister (0.50" nominal wall thickness) associated 
~ith the Holtec UMAX Storage System. Additionally, the canisters at SONGS have been 
laser peened which was developed, applied, and confirmed for SONGS to add a 
protective layer against high tensile stress over the heat affected zones of the canister 
seam welds to assist in possible elimination of future stress corrosion cracking concerns. 
Confirmed by laboratory tests performed by the vendor and licensee, the protective layer 
over the welds and heat affected zones resulted in an approximately 0.080" inch (80 mil) 
thick layer of additional protection. 

The NRC determined that scratches that occur on the surface of the MPC during 
insertion and withdrawal due to incidental contact with the internal features of the CEC 
internals are not of any safety concern from a stress limit. However, allowing the MPC to 
scratch, or suffer mechanical wear, presented a potential impact to the MPC design 
basis requirements as specified in the technical specifications. The confinement design 
function is required by the Holtec Certificate of Compliance 072-01040, Appendix 8 
Technical Specifications, Section 3.3 to meet ASME Section Ill acceptance limits. 

The ASME Section Ill code acceptance limits for scratches is 10 percent of the nominal 
wall thickness per ASME Section Ill, NB-3324.1 Cylindrical Shells and NB-3213.10 Local 
Primary Membrane Stress, which specifies a local primary membrane stress limit of 
1.1 Sm ( or 10 percent higher than the general primary membrane stress limit). The 
10 percent allowance is consistent with NUREG 2214 "Managing Aging Processes in 
Storage Report," Table 6-2, that states flaws must be assessed in accordance with the 
acceptance standards identified in ASME Section XI IWB-3514 which provides allowable 
flaw depths that are below 10% of nominal wall thickness. 

For the 0.625-inch thick MPC shell in use at SONGS the maximum allowable scratch 
depth would be 0.0625 inches per ASME Section Ill code and required by Technical 
Specification 3.3, Appendix 8. 

The licensee performed a change under the 10 CFR 72.48 process to evaluate and 
accept the scratches on canisters 1 thru 29 placed in the site's UMAX ISFSI. Through 
the 10 CFR 72.48 process the licensee revised the FSAR Section 1.2.4 and 
Section 9.5 vii. design statements to allow scratches to previous and future canisters 
during installation and retrieval. The 10 CFR 72.48 regulation permits a licensee to 
make changes to the spent fuel storage cask design as described in the FSAR without 
obtaining prior NRC approval as long as the change does not require a change to the 
technical specifications or the change does not conflict with the eight criteria of 
10 CFR 72.48 (c)(2). 

The calculation to demonstrate the maximum depth of any possible scratch from 
downloading operations was documented in Holtec Dry Storage Position Paper DS-469, 
"Incidence and Consequence of Canister Shell Scratching from Misaligned Insertion of a 
Loaded MPC at SONGS," dated November 7, 2018. The DS-469 calculation was used 
as the basis to support a 10 CFR 72.48 evaluation performed by the licensee. Position 
paper DS-469 calculated the maximum force on the canister shell during downloading 
based on dimensional tolerances of components and the maximum angle the canister 
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could be misaligned. The maximum force was calculated to be approximately 
2400 pound-force (lbf). 

The licensee's analysis utilized Archard's wear equation to calculate the maximum depth 
of a possible scratch from the carbon steel shield ring to be 0.010 inches (10 mils) based 
on the force of 2400 lbf. The NRG inspectors reviewed the calculation and identified 
several inadequacies with position paper DS-469. The inadequacies included: (1) the 
calculation did not address contact with the harder stainless steel seismic restraints and 
was only based on the contact with the softer carbon steel shield ring; (2) the evaluation 
lacked adequate review of corrosion deposits on the stainless steel canister; and (3) the 
written evaluation did not qddress scratches and gouges in the canister's seam weld 
areas. 

The licensee addressed the inspectors' concerns in a subsequent evaluation, 
Hl-2188437, "Incidence and Consequence of Canister Shell Wear Scars from Misaligned 
Insertion of a Loaded MPC at SONGS," dated March 1, 2019. The licensee's revised 
10 CFR 72.48 evaluation contained more details and analysis, which was used as a 
basis for concluding the change did not require prior NRG approval. The inspectors 
observed that evaluation Hl-2188437 utilized the same methodology as the DS-469 
calculation which determined the maximum depth of a possible scratch would be less 
than 0.0091 inches or (9.1 mils). 

However, the inspectors identified additional inadequacies associated with evaluation 
Hl-2188437 which included: (1) the licensee utilized the wrong hardness values in the 
calculation; (2) the hardness values did not account for the temperature of the canister; 
(3) the calculations utilized the wrong sling lengths for determining initial point of contact 
for where contact on the MPG shell could occur; and (4) the inspectors did not agree that 
the calculation alone could provide adequate basis without empirical evidence (i.e. 
testing or inspection) to support the calculation's basis. 

The licensee addressed the inspectors' concerns in a revision to evaluation Hl-2188437, 
dated March 13, 2019. Additionally, the licensee's third written evaluation included test 
report Hl-2188450, "Simulation of High Force Contact Between MPG and UMAX CEC 
Storage System Components," dated March 12, 2019. In the test report, simulations 
were performed using representative samples for the MPG shell and UMAX CEC 
components most likely to damage the MPG surface. The test simulations were 
conducted at Holtec's Orrvilon fabrication facility. The test simulations utilized a range of 
test loads to demonstrate what the maximum wear on a canister would be from contact 
with the UMAX CEC components. Scratch depths were measured after the completion 
of the test runs. 

The evaluation Hl-2188437 calculation was revised using Archard's wear equation to 
contain the correct hardness values and to account for temperature of the canister. The 
maximum possible scratch depth utilizing the same force had decreased to 0.0024 
inches (2.4 mils). However, the test data reported in test report Hl-2188450 found 
maximum depth of scratches on the samples, using a similar test load of 2,000 lbs, to 
have a maximum depth of 0.007 inches (7 mils). The NRG staff concluded that the 
licensee test data invalidated the licensee's calculation that utilized Archard's wear 
equation to define the maximum possible depth of a scratch on the canister. 
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Subsequently, the licensee determined that the Archard's wear equation only provided 
an estimate of abrasive wear (removal of material from a surface by harder material) but 
the calculation could not account for adhesive wear (localized bonding between 
contacting solid surfaces leading to material transfer between two surfaces or loss from 
either surface). The inspectors determined that the licensee's initial written evaluations 
which contained numerous errors and deficiencies were inadequate and represented a 
violation of NRC requirements (see Section 2.2.6). 

Evaluation Hl-2188437 had been revised to address corrosion, pitting, and corrosion 
induced stress corrosion cracking (CISCC). The evaluation stated, for CISCC to occur, 
three conditions were necessary; a susceptible material, a strong tensile stress, and a 
corrosive environment. Type 316 stainless steel is a resistant austenitic material, but 
CISCC is possible under sufficiently severe conditions. However, for CISCC to occur, a 
through-wall high tensile stress is.needed. The primary tensile stresses for the storage 
system is due to internal pressure of the helium gas which is low (approximately 45 psi). 
Also, the residual stresses due to rolling operations on stainless steel plates introduced 
a compressive stress on the outside surface of the canister shell. Seam welds of the 
canister were the only areas where local tensile stresses from weld shrinkage could 
potentially result in a through wall high tensile stress. 

However, as previously explained, the canisters purchased at SONGS have been laser 
peened over all the seam welds and heat affected zones to provide a layer of 
compressive stress relief of 0.080" depth. Additionally, water is necessary for CISCC. 
The UMAX vault canisters are sheltered from weather intrusion. The canisters are hotter 
than the ambient air, so wetting from condensation is not possible during the current 
licensing period. Specifically, the canisters' temperature would remain above ambient 
temperatures well beyond the current licensing expiration date of 20 years. As such, any 
additional required monitoring for corrosion, pitting, and CISCC would be addressed in 
license renewal and through the licensee's ageing management program. The 
inspectors concluded that the issues related to possible corrosion, pitting, and CISCC on 
the canister did not pose an immediate safety concern nor immediately affect any of the 
system's design basis functions and could be adequately monitored and addressed as 
part of the licensee's ageing management program. 

The licensee's subsequent written evaluation to support the site-specific 10 CFR 72.48 
change to allow and bound incidental contact used in-situ visual assessment of surfaces 
of the canister shell and baseplate from eight loaded canisters in the UMAX ISFSI at 
SONGS. The sample set of eight canisters was consistent with using the guidance of 
ANSI ASQ 21 .4, "Sampling Procedures and Tables for Inspection by Attributes." The 
visual assessment was documented in "SONGS Downloading Effects on HI-STORM 
MPC Visual Assessment Report," dated April 15, 2019. 

The eight canisters selected for inspection included: 1.) MPC serial number (SN) 067, 
which was involved in the August 3, 2018, misalignment incident; 2.) MPC SN 064, 
which was documented as having made contact with the internals of the CEC on 
·July 22, 2018; and 3.) six additional MPCs located on different rows than the previous 
two MPCs. The different rows were selected to account for the drainage slope on the 
ISFSI pad and its potential effect on canister vertical alignment during downloading 
operations. 
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The visual assessment was performed by a robotic crawler equipped with navigational 
cameras and a borescope. The borescope was a flexible camera with interchangeable 
tips (general area tip and measurement tip). Two stages were utilized to perform the 
visual assessment. During the first stage, the robotic crawler and borescope with the 
general area tip was used to identify general locations of surface irregularities. During 
the section stage, the robotic crawler with the borescope using the measurement tip 
characterized the surface irregularities (width and depth measurements as applicable). 
The equipment selected by the licensee to perform the visual assessment was the 
General Electric borescope (VideoProbe ™), along with the Robotic Technologies of 
Tennessee robot. 

This same equipment had been used by Electric Power Research Institute for their 
Extended Storage Collaboration Program Non-destructive examination subcommittee, 
which is researching and developing technology to support inspection of dry storage 
canisters. This equipment had been used at multiple U.S. nuclear sites for Part 72 
license renewal applications. The GE inspection Technologies' VideoProbe with 
Real3D™ point cloud surface scanning and analysis had been used in aviation, military, 
and oil & gas applications. Additionally, an NRC inspector was on-site during seven of 
the eight canister inspections to observe the visual assessment activities. 

All surface irregularities were recorded and compared to post-fabrication photos to 
determine whether the surface irregularities were a result of downloading operations. All 
irregularities that were identified to have occurred during downloading operations were 
recorded and characterized. A few identified areas of interest crossed over or resided 
within the canisters' seam welds or weld heat affected zones. However, the protective 
layer of 0.080 inches provided by laser peening operations was never exceeded. The 
majority of wear marks identified were correlated to contact with the divider shell shield 
ring and had maximum wear depths of up to 0.012 inches ( 12 mils) deep. Additional 
wear marks identified were correlated to contact with seismic restraints and a maximum 
wear depth was 0.026 inches (26 mils) deep. Many wear marks had negligible depths. 

Wear profiles for divider shell shield ring and inner seismic restraints were different. The 
divider shell ring wear marks were broader and shallower in comparison. The maximum 
depth caused by the stainless inner seismic restraint occurred over relatively short 
lengths in a localized narrow area and did not apply over the entire length nor width of 
the wear mark. In summary, the wear marks from incidental contact were not uniform, 
the maximum depths observed were very small in width and area anti a majority of the 
scratch lengths contained negligible depths. 

With the gathered information from the visual assessment report, the licensee performed 
two statistical analyses to bound the potential wear mark depths on the remaining 
canisters. Licensee report MPR 0299-0057-MEM0-001, "Canister Inspection Plan," 
dated April 15, 2019, concluded that the eight canister measurements were sufficient to 
support a conclusion that there is a 95 percent probability with 95 percent confidence 
that each of the remaining and future' canisters would not have a scratch deeper than 
0.035 inches (35 mils) due to downloading operations. 

The second statistical analysis was documented in licensee 
report MPR 0299-0042-MEM0-024, "Canister Installation and Removal Effects on Wall 
Thickness," dated May 5, 2019. This statistical analysis determined the deepest scratch 
resulting from insertion and then withdrawal and assumed the two scratches occurred in 
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the same location. The licensee utilized the same methodology and determined that the 
deepest scratch at one location resulting from insertion followed by withdrawal with a 
95 percent probability and 95 percent confidence to be 0.0584 inches (58 mils), which 
was still below the ASME code limit of 10 percent (0.0625 inches). 

The NRC inspectors utilized the data obtained through the visual assessments to 
perform independent statistical assessments using several models that were appropriate 
for the sample size. The inspectors concluded, through the independent assessments, 
that the conclusion presented by SCE was conservative and reasonably bounded the 
maximum anticipated scratch or wear resulting from operational activities. 

As such, the licensee's written evaluation using the visual assessments and statistical 
evaluations was adequate to demonstrate that the proposed change to allow the 
incidental contact on previous and future canisters will continue to meet the confinement 
design functions as specified in the FSAR and ASME Section Ill code tolerances and 
does not require a change to the storage system's technical specifications. The 
inspectors found that the licensee's site-specific 10 CFR 72.48 change to be acceptable 
and met all applicable criteria to not require NRC review and approval through a 
Certification of Compliance amendment. 

2.2.6 Finding Related to 10 CFR 72.48 Evaluations 

10 CFR 72.48( d)( 1) requires, in part, that the licensee and certificate holder shall 
maintain records of changes in the facility or spent fuel storage cask design, of changes 
in procedures, and tests and experiments made pursuant to paragraph (c) of the section. 
These records must include a written evaluation, which provides the bases for the 
determination that the change does not require a Certificate of Compliance (CoC) 
amendment pursuant to paragraph (c)(2) of this section. 

Contrary to the above, from November 7, 2018, to April 15, 2019, on two occasions the 
licensee did not maintain records of changes that included a written evaluation that 
provided the bases for the determination that the change does not require a CoC 
amendment pursuant to paragraph ( c)(2) of 10 CFR 72.48. Specifically, the first two 
revisions of the 10 CFR 72.48 written evaluations to allow scratching on canisters failed 
to provide an adequate basis for determination that the change did not require a CoC 
amendment. As noted in Section 2.2.5.b of this report, the inspectors identified 
numerous technical errors with the calculations used as the bases for the 10 CFR 72.48 
written evaluations. In addition, the first two revisions of the licensee's written evaluation 
did not demonstrate that the maximum possible scratch depth would not exceed ASME 
Section 111 code limits, a technical specification requirement. 

The inspectors determined that the finding was of low safety significance because the 
inspectors assessed that the in-situ visual assessment and statistical analysis provided 
an adequate basis for the determination that the canister will continue to meet structural 
and confinement design functions as specified in the FSAR and continue to meet ASME 
Section 111 code tolerances. 

The inspectors determined that the violation was similar to the violation examples in 
Section 2.1.3.D.5 of the NRC Enforcement Manual, which states that violations of 
10 CFR 50.59 will be considered more than minor and categorized at Severity Level IV if 
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the licensee failed to perform an adequate 10 CFR 72.48 evaluation, similar to a 
10 CFR 50.59 evaluation, that resulted in a condition having low safety significance. 

Consistent with the guidance in Section 1.2.6.D of the NRC Enforcement Manual, if a 
violation does not fit an example in the enforcement policy violation examples, it should 
be assigned a severity level: (1) commensurate with its safety significance, and 
(2) informed by similar violations addressed in the violation examples. The violation was 
evaluated to be similar to Enforcement Policy Section 6.1.d.2. 

The licensee entered the finding into the CAP as AR 1218-11302 and AR 0219-96601. 
The licensee restored compliance by revising the written evaluation to provide an 
adequate basis to conclude the change did not require NRC approval. Specifically, the 
revised written evaluation provided a basis that incidental contact of the canister with the 
internal components of the CEC during insertion and withdrawal operations would not 
remove greater than 10% nominal wall thickness of the canister in accordance with 
ASME Section Ill which was required by Appendix B Technical Specification 3.3 
requirements. Because the licensee entered the issue into the CAP, the safety 
significance of the (issue was low, and the issue was not repetitive or willful, this Severity 
Level IV violation was treated as a NCV, consistent with Section 2.3.2.a of the NRC 
Enforcement Policy (NCV 07200044/2018-002-04, Failure to provide adequate written 
basis for 72.48 change (10 CFR 72.48)). 

2.2.7 (Closed) Unresolved Item 07200041/2017-001-02, 10 CFR 72.48 Methodology 

NRC Inspection Report 05000206/2017-003, 05000361/2017~003, 05000362/2017-003, 
and 07200041/2017-001 dated, August 24, 2018 (ADAMS Accession ML 18200A400), 
documented an Unresolved Item (URI) 07200041/2017-001-02, u10 CFR 72.48 
Methodology." The issue related to a 10 CFR 72.48 evaluation for the scenario of a 
hypothetical accident of the loaded HI-TRAC VW transfer cask contacting the sides and 
bottom of the spent fuel pool, which was analyzed in report Hl-2177713 "HI-TRAC VW 
Drop in Cask Storage Pool at SONGS," Revision 1. 

For a short period of time, the HI-TRAC VW and loaded MPC was in an unconstrained 
condition on an intermediate shelf in the spent fuel pool. If a DBE seismic event was to 
occur during that time frame, the HI-TRAC VW with a loaded MPC could hypothetically 
fall to the lower level of the spent fuel pool and experience a higher lateral force than 
previously analyzed by the HI-STORM FW and UMAX FSARs. In report Hl-2177713, 
the licensee demonstrated acceptability of the peak impact deceleration for the HI-TRAC 
VW scenario at SONGS by comparing those lateral forces to the peak impact 
deceleration values used to support the 10 CFRPart 71 HI-STAR 190 transport package 
safety analyses which utilized the same canister. 

The licensee's evaluation concluded that the maximum peak lateral deceleration value of 
the HI-TRAC VW in the pool at SONGS to be 74g's, which was below the HI-STAR 190 
side drop evaluation of 85.9g's. Additionally, the MPC and fuel basket evaluated 
stresses were identified by the licensee to be less than the design basis criteria 
described in the limiting values from HI-STORM FW FSAR, Section 2.2.8. The licensee 
stated that the same computer software. (LS-DYNA) was utilized in all three evaluations 
(SONGS site-specific drop evaluation, HI-STORM FW/UMAX FSAR non-mechanistic tip­
over evaluation, and HI-STAR FSAR transportation cask drop evaluation). 
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At the time of the initial inspection, the NRC needed more information to determine if the 
utilization of evaluations conducted for the 10 CFR Part 71 HI-STAR 190 transportation 
license to bound conditions for storage operations under 10 CFR Part 72 UMAX license 
through SONGS's 10 CFR 72.48 process was appropriate and in compliance with NRC 
regulations. The NRC subsequently determined that licensee's change was in violation 
of 10 CFR 72.48 requirements. 

The UMAX FSAR references the FW FSAR for the use of the HI-TRAC VW, also both 
FSARs discuss various tip-over/drop events or requirements that must be followed such 
that a tip-over/drop event is not credible. 

The FW FSAR, Table 1.2.10, "Criteria for Site-Specific Safety Qualification of HI-TRAC 
VW ," item #10 states, in part, the transfer cask's kinematic stability is established under 
all loading evolutions where the cask is freestanding to ensure kinematic compliance (no 
tip-over or collision with a proximate structure). 

Additionally, a tip-over/drop event as well as kinematic stability of a canister in a HI­
TRAC VW was described as either a non-credible accident or must be demonstrated per 
analysis to have kinematic stability for tornado missiles (FW Section 2.2.3 e.), cask 
handling (FW Section 2.2.3 f.), and transportation operations (UMAX Appendix B, 
Technical SpecificaUon 3.4.15). 

Nuclear Energy Institute Guidance Document 96-07, Appendix B, "Guidelines for 
1 O CFR 72.48 Implementation," Section 4.3.5,.states that, "a change or activity, which 
increases the frequency of an accident previously thought to be incredible to the point 
where it becomes as likely as the accidents in the FSAR, could create the possibility of 
an accident of a different type." 

10 CFR 72.48 (c)(1 )(ii)(C) states in part, a licensee may make a change in the facility or 
spent fuel storage cask design as described in the FSAR without obtaining a CoC 
amendment if the change does not meet any of the criteria in paragraph (c)(2). 

10 CFR 72.48 ( c)(2)(v) states in part, a general licensee shall request that the certificate 
holder obtain a CoC amendment pursuant to 10 CFR 72.244, prior to implementing a 
proposed change if the change would: Create a possibility for an accident of a different 
type than any previously evaluated in the FSAR. 

Contrary to the above, from January 30, 2018, to August 3, 2018, the licensee made a 
change in the spent fuel storage cask design as described in the FSAR and failed to 
request the certificate holder to obtain a CoC amendment prior to implementing the 
proposed change which created a possibility of an accident of a different type than any 
previously evaluated in the FSAR. Specifically, the licensee created the possibility of a 
new accident not previously analyzed in the FSAR through a 10 CFR 72.48 change 
(10 CFR 72.48 Assignment 0718-10512-3) to allow placement of a loaded HI-TRAC VW 
cask on an intermediate shelf in the spent fuel pool which was evaluated, by the 
licensee, to not be kinematically stable and had the potential to collide with proximate 
structures during a seismic event. 

This violation was dispositioned per the traditional enforcement process using 
Section 2.3 of the NRC's Enforcement Policy. The inspectors determined that the 
finding was of low safety significance since the accident condition of a spent fuel cask 
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drop (due to a seismic event) from the intermediate shelf in the cask pool to the lower 
portion of the cask pool was an accident condition that had been analyzed and NRC 
approved in NUREG-0712, "Safety Evaluation Report related to the operation of SONGS 
Units 2 and 3, dated February 1981," and described in the SONGS Decommissioning 
Safety Analysis Report Section 15.1.1.5. Additionally, the licensee's calculations 
demonstrated that maximum lateral deflection in the fuel basket's active fuel region 
would not have exceeded requirements in the Holtec FW FSAR. 

The inspectors determined that the violation was similar to the violation examples in 
Section 2.1.3.D.5 of the NRC Enforcement Manual, which states that violations of 
10 CFR 50.59 will be considered more than minor and categorized at Severity Level IV if 
the licensee failed to request a license amendment, the NRC would likely approve the 
amendment, and the change resulted in a condition having low safety significance. 

Consistent with the guidance in Section 1.2.6.D of the NRC Enforcement Manual, if a 
violation does not fit an example in the Enforcement Policy Violation Examples, it should 
be assigned a severity level: (1) commensurate with its safety significance; and 
(2) informed by similar violations addressed in the Violation Examples. The violation 
was evaluated to be similar to Enforcement Policy Section 6.1.d.2 

The licensee entered the issue into the CAP as AR 0718-10512 and AR 0617-86918. 
The licensee restored compliance by revising the loading procedures to no longer utilize 
the intermediate shelf in the pool. The revised procedures required the transfer cask to 
be moved, after spent fuel assembly loading, from the bottom of the spent fuel pool 
directly to the cask wash-down pit for further processing (see Section 2.2.8). Because 
the licensee entered the issue into the CAP, the safety significance of the issue was low, 
and the issue was not repetitive or willful, this Severity Level IV violation was treated as 
a NCV, consistent with Section 2.3.2.a of the Enforcement Policy 
(NCV 07200044/2018-002-05, Failure to request the certificate holder to obtain a Coe 
amendment (10 CFR 72.48)). 

No additional deficiencies were identified during the review of the Unresolved Item. This 
Unresolved Item 07200041/2017-001-02, "10 CFR 72.48 Methodology," is closed. 

2.2.8 Orv Runs (Transportation, Downloading, Uploading) 

Week of January 28, 2019 

During the week of January 28, 2019, inspectors observed SCE perform demonstrations 
of sections of revised procedures HPP-2464-400, "MPC Transfer at SONGS," Revision 
19 and HPP-2464-500, "MPC Unloading at SONGS,'.' Revision 6. The demonstrations 
for this week of NRC on-site inspection activity involved movement of the HI-TRAC VW 
transfer cask with a canister simulator from the Unit 2 fuel building along the haul path to 
the ISFSI pad and included downloading operations. 

During the first day of field demonstrations, SCE demonstrated spent fuel travel along a 
revised travel path for the low-profile transporter while carrying the canister simulator 
and HI-TRAC VW transfer cask from the Unit 2 fuel building. The haul path was revised 
based on seismic analyses and the revisions were intended to keep the low-profile 
transporter and transfer cask the required height and distance from structures along the 
path that could possibly be impacted if a seismic event were to occur during travel. The 
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revised path included white and yellow painted lines on the pavement to serve as guides 
for the operator to travel within. There were also restricted zone markings on the haul 
path near adjacent structures that were required to be avoided. The transfer cask was 
transported by the operator from the fuel building to the outside of the plant protected 
area, and into the SONGS ISFSI protected area, where it met up with the VCT. The VCT 
continued the movement of the canister simulator onto the ISFSI pad and into stack-up 
configuration for downloading. 

The transfer cask was transported by use of the VCT until it was secured to the UMAX 
ISFSI mating device. A nighttime downloading demonstration of the canister simulator 
was performed after the ISFSI haul path travel demonstration. No adverse conditions 
were identified during the downloading demonstration operations. The new load 
monitoring equipment, cameras, and personnel present on the ISFSI pad ensured that 
loss-of-load indications was promptly responded to during downloading operations. The 
new equipment worked as intended and provided a positive load indication for the 
canister simulator. The cask loading crew used procedure adherence and the 
equipment enhances at their disposal to successfully perform the nighttime downloading 
demonstration. 

The following day, the cask loading crew used the most recent revision of procedure 
HPP-2464-500 to demonstrate removal of the simulator from the UMAX ISFSI vault. 
Uploading operations proceeded without any issues. In the same manner as the 
previous evening, the cask loading crew used procedure adherence and the equipment 
enhancements at their disposal to successfully retrieve the canister simulator from the 
ISFSI vault. 

Finally, a daytime downloading operation was demonstrated in accordance with 
procedure HPP-2464-400. The daytime downloading proceeded with the same 
requirements as the nighttime demonstration. The inspectors observed rigorous 
procedure adherence and oversight supervision during the cask loading operations. 

Week of February 11 , 2019 

During the week of February 11, 2019, NRC observed SCE perform demonstrations of 
sections of its revised procedures HPP-2464-400, "MPC Transfer at SONGS," 
Revision 19, and HPP-2464-500, "MPC Unloading at SONGS," Revision 6, inside the 
fuel building. The second-week demonstrations were performed to support procedure 
revisions that removed usage of the spent fuel pool intermediate shelf location during 
fuel loading operations. To remove usage of the intermediate shelf required that the 
crane hook be fully immersed into the pool when placing the transfer cask and empty 
canister into the cask loading pit. The previous procedure revision avoided immersing 
the crane hook, block, and wire rope into the potentially contaminated spent fuel pool 
water. 

To facilitate the procedure revisions, SCE performed modifications to the; Unit 2 cask 
handling crane hook that would allow it to be immersed into the spent fuel pool water. At 
the time of the inspection, the Unit 3 cask handling crane hook had not yet been 
modified. However, the inspectors noted that the work orders were in place for the 
modification. 
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The inspectors observed SCE successfully demonstrate placement of an empty transfer 
cask and canister into the spent fuel cask loading pit. Next, the licensee successfully 
demonstrated placement of the MPC lid and drain tube into the transfer cask while at the 
bottom of the cask loading pit and removal of the transfer cask from the cask loading pit 
to the cask washdown area. The inspectors observed rigorous procedure adherence 
and oversight supervision during the fuel loading operations. 

2.2.9 (Closed ) Notice of Violation SUI 072-00041/2018-001-02, "Failure to ensure redundant 
drop protection features were available" (10 CFR 72.212), EA-18-155 

As a result of the NRC Special Inspection a violation was identified for the licensee's 
failure to provide redundant drop protection features during downloading operations. 

The licensee submitted its response to the NRC letter within the required 30-day time 
frame, on April 23, 2019 (ADAMS Accession ML 19116A056), which contained the 
corrective steps taken to ensure full compliance was achieved. 

During supplemental inspection activities conducted from November 2018 to May 2019, 
the NRC inspectors concluded that SCE's proposed and completed corrective actions, 
as described in this report, restored compliance, addressed extent of condition, and 
were adequate to prevent recurrence. No additional deficiencies were identified during 
NRC's review of this violation. 

This closes VIO 072-00041/2018-001-02, "Failure to ensure redundant drop protection 
features are available," (10 CFR 72.212), EA-18-155. 

2.2.10 ISFSI Pad Surveys 

On October 22, 2018, during a routine decommissioning inspection (ADAMS Accession 
ML 18323A024) the NRC inspectors performed independent measurements and 
verifications of the radiological conditions at the SONGS ISFSI. The inspectors 
measured various locations including the background areas, public access areas, 
owner-controlled areas, protected areas, and representative locations on both generally 
licensed ISFSI Pads: Transnuclear, (TN) Inc. Nuclear Horizontal Modular Storage 
(NUHOMS) and Holtec HI-STORM UMAX dry fuel storage systems. 

The inspectors used a Ludlum Model 19, NRC Tag Number 033906, serial number 
84259 with a calibration due date of July 23, 2019, to perform the survey measurements. 
The data in Attachment 2 shows the ranges of the measurements of each U MAX 
location by the WM number at the inlet air vents, closure lid, and outlet air vent. 
Attachment 2, also shows the measurements taken on the NUHOMS locations, on 
contact with the inlet vent and 1 foot away from the inlet vent. 

The WM with the highest gamma measurement was WM 33 with the inlet air vents 
ranging from 310-330 µR/hr. The NUHOMS location with the highest gamma 
measurement was TN 21, on contact with the inlet vent was 1,600 µR/hr. Background 
measurements from around the site ranged from 3-10 µR/hr. The NRC inspectors did 
not identify any measurements at the owner-controlled area boundary or in the public 
access areas to be above normal background measurements. A more detailed 
discussion of the surveys taken can be found at "NRC Surveys of SONGS ISFSI Pad," 
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dated October 22, 2018 (ADAMS Accession ML 19011A457) and on the provided table in 
Attachment 2 of this report. 

2.3 Conclusions 

The inspectors reviewed two LERs and one licensee event notification which had been 
reported to the NRC since the last inspection. The review of the event notification resulted 
in one Severity Level IV violation of NRC requirements that was treated as a NCV. The 
inspectors reviewed inspection follow-up items from the NRC Special Inspection Report 
which included the NRC's evaluation of the licensee's drop analysis, scratch analysis, and 
observations of dry run demonstrations. The review of the scratch analysis resulted in one 
Severity Level IV violation of NRC requirements that was treated as a NCV. The 
inspectors closed one violation which resulted from the NRC Special Inspection for the 
licensee's failure to ensure redundant drop protection features during downloading 
operations on August 3, 2018. The inspectors documented the results of the independent 
measurements and verifications of the radiological conditions at the SONGS ISFSI. 

3 Exit Meeting Summary 

On February 15, 2019, following an onsite portion of the inspection, the inspectors provided 
a debrief of the preliminary results to Mr. Doug Bauder, Vice President and Chief Nuclear 
Officer, and other members of the licensee staff. The licensee acknowledged the issues 
presented by the NRC inspection team. 

On March 25, 2019, the NRC performed a public webinar meeting to discuss the inspection 
team's preliminary results. On March 28, 2019, the NRC participated in a San Onofre 
Community Engagement Panel Meeting to discuss the inspection team's preliminary 
results. On June 3, 2019, the NRC performed a public webinar meeting to discuss the 
NRC's decision on resumption of fuel loading activities at SONGS. On June 5, 2019, the 
NRC participated in a San Onofre Community Engagement Panel Meeting and discussed 
the NRC's decision on resumption of fuel loading activities at SONGS. 

On June 13, 2019, the inspectors presented the final inspection results to Mr. Al Bates, 
Regulatory and Oversight Manager and other members of the licensee staff. The licensee 
acknowledged the issues presented. 
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SUPPLEMENTAL INSPECTION INFORMATION 

PARTIAL LIST OF PERSONS CONTACTED 

Licensee Personnel 

A. Bates, Regulatory and Oversight Manager 
M. Morgan, Regulatory and Oversight 
L. Bosch, Plant Manager 
T. Palmisano, former Vice President Decommissioning and Chief Nuclear Officer 
J. Pugh, Project Engineer 
K. Rod, General Manager Decommissioning Oversight 
J. Smith, Project Manager, Holtec 
M. Soler, Vice President Quality, Holtec 

INSPECTION PROCEDURES USED 

IP 92702 
IP 71153 

Follow-up on Traditional Enforcement Actions 
Follow-up of Events and Notices of Enforcement 

LIST OF ITEMS OPENED, CLOSED, AND DISCUSSED 

Opened and Closed 

07200044/2018-002-01 

07200044/2018-002-02 

07200044/2018-002-03 

07200044/2018-002-04 

07200044/2018-002-05 

Closed 

072-00041/2018-001-01 

072-00041/2018-001-02 

NCV 

NCV 

NCV 

NCV 

NCV 

VIO 

VIO 

Failure to ensure appropriate quality standards 
(10 CFR 72.146) 

Failure to ensure purchased material conformed to 
the procurement documents ( 10 CFR 72.154) 

Failure to ensure the loaded transfer cask and its 
conveyance was evaluated under the site-specific 
DBE (10 CFR 212) 

Failure to provide adequate written basis for 
72.48 change (10 CFR 72.48) 

Failure to request the certificate holder to obtain a 
CoC amendment (10 CFR 72.48) 

Failure to identify and correct conditions adverse to 
quality (10 CFR 72.172) EA-18-155 

Failure to ensure redundant drop protection 
features were available (10 CFR 72.212) 
EA-18-155 

Attachment 1 

SCE-SER 000909

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-4, Page 50 of 194
(928 of 2110)



072-00041/2018-001-03 VIO Failure to assure that operations of important to 
safety equipment were limited to trained and 
certified personnel (10 CFR 72.190) EA-18-155 

072-00041/2018-001-04 VIO Failure to provide adequate instructions or 
procedures (10 CFR 72.150) EA-18-155 

072-00041 /2018-001-05 VIO Failure to make 24-hour notification ( 10 CFR 72. 75) 
EA-18-155 

2018-001-0 LER Spent Nuclear Fuel Canister Temporarily Wedged 
in Dry Cask Storage Container 

53858 EN Inadequate Analysis for VCT Operations 

07200041 /2017-001-02 URI 10 CFR 72.48 Methodology 

Discussed 

2018-002-0 LER Spent Nuclear Fuel Transport Conveyance Vehicle 
Operated Outside Obstacle Clearance Limit 
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ACE 
ADAMS 
AHSM 
ASME 
AR 
ASME 
AV 
CA 
CAP 
CAPR 
CCE 
CEC 
CFR 
CISSC 
CoC 
DBE 
EN 
FCR 
FSAR 
GTCC 
HI-STORM FW 
HI-STORM UMAX 
IP 
ISFSI 
ITS 
LER 
NECP 
NCV 
NITS 
NRC 
NUHOMS 
MPC 
QI 
RCE 
RRCE 
SAT 
SCE 
SL 
SONGS 
TN 
VCT 
VIO 
WM 

LIST OF ACRONYMS USED 

Apparent Cause Evaluation 
Agencywide Documents Access and Management System 
Advanced Horizontal Storage Module 
American Society of Mechanical Engineers 
Action Request 
American Society of Mechanical Engineers 
Apparent Violation 
Corrective Action 
Corrective Action Program 
Corrective Action to Prevent Recurrence 
Common Cause Evaluation 
Cavity Enclosure Container 
Code of Federal Regulations 
corrosion induced stress corrosion cracking 
Certificate of Compliance 
Design Basis Earthquake 
Event Notification 
Field Condition Report 
Final Safety Analysis Report 
Greater than Class C 
Holtec International Storage Module Underground Flood and Wind 
Holtec International Storage Module Underground Maximum Capacity 
Inspection Procedure 
Independent Spent Fuel Storage Installation 
Important-to-Safety 
Licensee Event Report 
Nuclear Engineering Change Package 
Non-Cited Violation 
Not-Important-to-Safety 
U.S. Nuclear Regulatory Commission 
Nuclear Horizontal Modular Storage 
multipurpose canister 
Quality Investigation 
Root Cause Evaluation 
Reportability Root Cause Evaluation 
Systematic Approach to Training 
Southern California Edison 
Severity Level 
San Onofre Nuclear Generating Station 
Transnuclear 
Vertical Cask Transporter 
Violation 
Vertical Ventilated Module or vault 
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Radiological Surveys of ISFSI Pads 

T bl 1 H It HI STORM UMAX ISFSI P d S a e , o ec - a urvey R It esu s 

Vertical Ventilated Inlet Air Vent Range Closure Lid Range Outlet Air Vent 
Range Module (µR/hr) (µR/hr) 
(µR/hr) 

22 130-160 9-15 110-120 
23 170-230 12-17 150-160 
24 180-240 11-14 150-170 
25 210-240 11-17 ',170-190 
26 180-230 11-16 130-140 
27 160-220 9-17 140-160 
28 230-300 14-19 210-220 
29 200-320 13-18 190-210 
30 190-280 12-19 180-190 
31 190-220 13-19 170-180 
32 200-260 13-18 170-190 
33 310-330 13-18 230-240 
44 220-260 14-21 180-200 
45 180-250 14-20 190-210 
46 270-320 15-22 220-240 
47 180-250 11-20 170-180 
58 130-180 11-17 120-160 
59 150-200 14-20 130-150 
60 170-200 15-19 140-160 
61 160-200 11-18 140-150 
67 140-210 11-17 140-150 
68 120-160 11-16 130-140 
69 160-210 11-16 140-160 
70 180-210 13-18 140-150 
71 190-220 11-17 140-160 
72 120-190 11-15 140-160 
73 180-220 11-17 150-170 
74 160-180 11-16 130-160 
75 100-260 11-16 180-210 

T bl 2 TN I NUHOMS ISFSI P d S a e , , nc. a urvey R It esu s 

AHSM 
Inlet Vent Contact Inlet Vent 1 Foot Away 

(µR/hr) (µR/hr) 

1 800 500 
2 700 500 
3 800 500 
4 800 500 
5 700 500 
6 700 500 
7 600 400 
8 700 500-
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AHSM 
Inlet Vent Contact Inlet Vent 1 Foot Away 

(µR/hr) (µR/hr) 

9 700 500 
10 600 400 
11 800 500 
12 700 500 
13 600 400 
14 500 300 
15 100 70 
16 420 260 
17 440 240 
18 440 270 
19 1400 900 
20 1300 1000 
21 1600 1100 
22 1000 700 
23 1000 700 
24 900 600 
25 600 400 
26 380 220 
27 1000 600 
28 800 600 
29 1000 700 
30 1200 800 
31 800 500 
32 1200 700 
33 900 500 
34 1100 800 
35 900 500 
36 1100 700 
37 1000 600 
38 1200 800 
39 1000 600 
40 1100 700 
41 1100 700 
42 1100 700 
43 320 180 
44 320 180 
45 310 170 
46 310 210 
47 310 180 
48 900 a 600 
49 700 500 
50 360 210 
51 360 220 
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August 24, 2018 
  
 
 
Mr. Thomas J. Palmisano  
  Vice President and Chief Nuclear Officer 
Southern California Edison Company 
San Onofre Nuclear Generating Station (SONGS) 
P.O. Box 128 
San Clemente, CA  92674-012 
 
SUBJECT: SAN ONOFRE NUCLEAR GENERATING STATION – NRC INSPECTION 

REPORT 05000206/2017-003, 05000361/2017-003, 05000362/2017-003, AND 
07200041/2017-001 

 
Dear Mr. Palmisano: 
 
This letter refers to routine U.S. Nuclear Regulatory Commission (NRC) team inspections 
conducted from June 2017 through June 2018.  The purpose of the inspection was to observe 
your dry fuel storage preoperational testing activities, to independently assess your readiness to 
load spent fuel into the newly constructed UMAX Independent Spent Fuel Storage Installation 
(ISFSI), and to inspect initial fuel loading operations.  The initial loading of the spent fuel into the 
first dry fuel storage cask of your UMAX ISFSI occurred between January 22-31, 2018.  After 
continued in-office review of information following the loading of the first canister into the UMAX 
ISFSI, a final telephonic exit meeting was conducted on August 8, 2018, with Mr. Lou Bosch, 
Plant Manager, and other members of your staff.      
 
The NRC inspection team examined activities conducted under your license as they relate to 
public health and safety, and to confirm compliance with the Commission’s rules and 
regulations, and with the conditions of your license.  The inspection reviewed compliance with 
the requirements specified in the Holtec HI-STORM UMAX storage system’s Certificate of 
Compliance 72-1040, the associated Technical Specifications, the FW and UMAX Final Safety 
Analysis Reports, and the regulations in Title 10 of the Code of Federal Regulations (CFR) 
Parts 20, 50, and 72.  Within these areas, the inspection consisted of selected examination of 
procedures and representative records, observations of activities, and interviews with 
personnel.  The inspection determined that you had completed all required activities identified in 
the Holtec Certificate of Compliance 72-1040 for use of the Holtec HI-STORM UMAX storage 
system at your site.  
 
Based on the results of these inspections, the NRC has determined that one Severity Level IV 
violation of NRC requirements occurred.  The violation was related to the design control of field 
changes made to important to safety equipment associated with your loading activities.  
Because the violation was of low safety significance and the licensee initiated a condition report 
with appropriate resolutions to address and correct the issue, this violation is being treated as a 
Noncited Violation (NCV), consistent with Section 2.3.2 of the NRC Enforcement Policy.  The 
NCV is described in the subject inspection report.   
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T. Palmisano  2 
 

 
 

Additionally, the NRC opened an Unresolved Item (URI) related to the methodology utilized in 
the licensee’s 10 CFR 72.48 evaluation regarding a hypothetical transfer cask drop within the 
spent fuel pool during a seismic event.  Additional information is needed to determine if the 
change could be performed through the 10 CFR 72.48 process.  The URI is described in the 
subject inspection report.   
 
If you contest the violation or significance of the NCV, you should provide a response within 
30 days of the date of this inspection report, with the basis for your denial, to the Nuclear 
Regulatory Commission, ATTN:  Document Control Desk, Washington DC 20555-0001, with 
copies to:  (1) the Regional Administrator, Region IV and (2) the Director, Office of Enforcement, 
United States Nuclear Regulatory Commission, Washington, DC 20555-0001. 
 
In accordance with 10 CFR 2.390 of the NRC’s “Agency Rules of Practice and Procedure,” a 
copy of this letter, its enclosure, and your response, if you choose to provide one, will be made 
available electronically for public inspection in the NRC Public Document Room or from the 
NRC’s Agencywide Documents Access and Management System, accessible from the NRC 
Web site at http://www.nrc.gov/reading-rm/adams.html.  To the extent possible, your response 
should not include any personal, privacy, or proprietary information so that it can be made 
available to the public without redaction. 
 
Should you have any questions concerning this inspection, please contact the undersigned at 
(817) 200-1151 or Mr. Lee Brookhart at (817) 200-1549. 

 
 

Sincerely, 
 
/RA/ 
 
 
Janine F. Katanic, PhD, CHP, Chief 
Fuel Cycle and Decommissioning Branch  
Division of Nuclear Materials Safety 

 
 
Dockets: 50-206; 50-361; 50-362; 72-041 
Licenses: DPR-12; NPF-10; NPF-15 
 
Enclosure: 
Inspection Report 05000206/2017003,  
05000361/2017003, 05000362/2017003,  
and 07200041/2017001 
 
w/attachments:   
Supplemental Information 
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Enclosure 

U.S. NUCLEAR REGULATORY COMMISSION 
REGION IV 

 
 

Dockets:  05000206; 05000361; 05000362; 07200041 
 
Licenses:  DPR-13; NPF-10; NPF-15 
 
Report Nos.:  05000206/2017-003; 05000361/2017-003; 05000362/2017-003; 

07200041/2017-001 
 
Licensee:  Southern California Edison Company (SCE) 
 
Facility: San Onofre Nuclear Generating Station, Units 1, 2, 3 and Independent 

Spent Fuel Storage Installation  
 
Location:  5000 South Pacific Coast Highway, San Clemente, California 
 
Inspection Dates: June 26-30, 2017, Welding Dry Run Demonstration 
   August 1-3, 2017, Fluid Operations Dry Run Demonstration 
   September 25-28, 2017, Transporter Heavy Loads Demonstration 
   October 9-13, 2017, Programs Review 
   December 4-7, 2017, Fuel Building Heavy Loads Demonstration 
   January 22-31, 2018, First Canister Loading Operation 
 
Inspectors:  Lee Brookhart, Senior Inspector 
   Fuel Cycle and Decommissioning Branch 
 
   Eric Simpson, Inspector 
   Fuel Cycle and Decommissioning Branch 
 
   Marlone Davis, Senior Transportation and Safety Inspector 
   Inspections and Operations Branch 
   NMSS, Division of Spent Fuel Management 
 
   Earl Love, Senior Transportation and Safety Inspector 
   Inspections and Operations Branch 
   NMSS, Division of Spent Fuel Management 
 
Approved By:  Janine F. Katanic, PhD, CHP, Chief 
   Fuel Cycle and Decommissioning Branch 
   Division of Nuclear Materials Safety 
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EXECUTIVE SUMMARY 
 

San Onofre Nuclear Generating Station, Units 1, 2, 3, and ISFSI 
NRC Inspection Report 05000206/2017003; 05000361/2017003; 05000362/2017003; 

07200041/2017001 
 
Between June 2017 and January 2018, the NRC conducted six separate on-site inspections 
related to the San Onofre Nuclear Generating Station’s (SONGS) program for the safe handling 
and storage of spent fuel at their UMAX Independent Spent Fuel Storage Installation (ISFSI).  
The inspection teams observed five dry run pre-operational training demonstrations and the 
loading of the first spent fuel canister for the Holtec UMAX cask system.  The licensee selected 
the Holtec Certificate of Compliance No. 72-1040, HI-STORM UMAX cask storage system to 
house the remaining fuel from Units 2 and 3 after the decision was made to cease power 
operations.  The ISFSI was licensed by the NRC under the general license provisions of 
Title 10 Code of Federal Regulations (CFR) Part 72, Subpart K.     
 
Topical areas reviewed during the inspections included overhead crane requirements, loading 
operations, fuel verification, radiation protection, quality assurance, nondestructive testing, 
training, welding, and fire protection.  Between the site dry run inspections and continuing after 
the first loading inspection, an in-office review was performed by the NRC inspectors relating to 
additional documentation provided by the SONGS staff.  This effort involved the review of 
licensee reports, procedures, calculations, training documentation, test results, personnel 
qualification records, safety evaluations, and condition reports.  During the dry run inspections, 
the licensee completed the pre-operational demonstrations of equipment and the 
implementation of the procedures to verify all operations required by the conditions of the 
license and the technical specifications could be performed safely.  The first cask was placed 
within the SONGS UMAX ISFSI on January 31, 2018.   
 
Preoperational Testing of an ISFSI (60854) 
 

• Forced helium dehydration dryness limits, helium purity, and helium backfill 
requirements had been incorporated into the licensee’s procedures.  Operation of the 
forced helium dehydration system and backfill to the required dryness limits was 
demonstrated during the pre-operational dry run exercises and first loading activities. 
(Section 1.2.a) 
 

• The cask loading cranes used in the spent fuel handling buildings to lift the spent fuel 
canisters had been previously accepted by the NRC as single failure proof cranes.  The 
cranes were designed to retain control of and hold loads during design basis seismic 
events at the SONGS site.  Calculations were reviewed by NRC’s Division of Spent Fuel 
Management that demonstrated that the forces from a seismic event in the upward and 
horizontal directions would not exceed the strength of the crane’s seismic restraints.  
Additional seismic evaluations were reviewed to ensure seismic stability during transfer 
operations.  This review included the transfer cask (loaded with a canister) in the spent 
fuel building during decontamination and closure operations, on the low profile 
transporter, on the vertical cask transporter, and during transfer of the canister into the 
UMAX ISFSI.  Based on the review of the design documents and calculations, the 
Division of Spent Fuel Management’s staff concluded that there was reasonable  
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assurance that the cranes and other handling/restraining equipment were structurally 
adequate to withstand design basis earthquake loads during fuel loading operations. 
(Section 1.2.b) 

 
• The 125-ton spent fuel building cranes were subjected to daily prior-to-use inspections 

that satisfied the requirements of American Society of Mechanical Engineers (ASME) 
B30.2, “Overhead and Gantry Cranes”.  On an annual basis the cranes were subjected 
to a more rigorous inspection that met the requirements of ASME B30.2 and the Ederer 
Generic Licensing Topical Report EDR-I(P) “Ederer’s Nuclear Safety Related Extra 
Safety and Monitoring Cranes,” Revision 3. (Section 1.2.c) 

 
• The 125-ton spent fuel building cranes were properly load tested, as required by 

ASME B30.2, in the fall of 2017.  The tests included a full performance test with 
100 percent of the maximum critical load and a 125 percent static load test.  The cranes’ 
hooks were subjected to a 200 percent hook load test in 2003 by Ederer Inc. 
(Section 1.2.d) 

 
• The NRC inspectors observed the licensee successfully complete all the required pre-

operational tests specified in the Certificate of Compliance.  This included fuel assembly 
selection, welding, nondestructive testing, drying, helium backfilling, and the unloading of 
a sealed canister.  A weighted canister was used to demonstrate heavy load activities 
inside the fuel handling building, transport between the fuel handling building and the 
ISFSI, and movement back into the fuel handling building for unloading purposes. 
(Section 1.2.e) 

 
• The licensee’s fuel loading characterization plan met the Certificate of Compliance limits 

for length, width, weight, irradiation cooling time, average burn-up, cladding, decay heat, 
and fuel enrichment.  The licensee had established provisions for independent 
verification of the correct loading of spent fuel assemblies into the canister.  
(Section 1.2.f) 

 
• The licensee had incorporated the requirements related to heavy loads for lift height 

limits, travel paths, and temperature restrictions during movement of the transfer cask 
into its procedures.  The site’s vertical cask transporters were load tested and 
maintained in accordance with NUREG-0612 criteria. (Section 1.2.g) 

 
• The requirements for nondestructive testing of a spent fuel canister were incorporated 

into the licensee’s procedures.  The helium leak testing equipment used during the dry 
run demonstration and first loading was verified to meet the requirements listed in the 
technical specifications.  The visual and liquid dye penetrant examination procedures 
implemented all the applicable requirements from ASME Boiler and Pressure Vessel 
Code Section III, Section IV, and the Final Safety Analysis Report regarding 
nondestructive examination of welds. (Section 1.2.h) 

 
• The requirements for canister hydrostatic testing had been incorporated into the 

licensee’s procedures and were consistent with the requirements of ASME Boiler and 
Pressure Vessel Code Section III Subsection NB, Article NB-6000.  The hydrostatic 
testing sequence and criteria described in the Final Safety Analysis Report had been 
incorporated into the licensee’s procedures. (Section 1.2.i) 
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• The licensee’s special lifting device program complied with American National Standard 
Institute (ANSI) N14.6, “Special Lifting Devices for Shipping Containers Weighing 
10,000 Pounds or More,” (1993) criteria for stress design, annual inspections, and 
300 percent proof loadings for the MPC lift cleats, HI-TRAC lift lugs, HI-TRAC lift links, 
lift yokes, and the lift yoke extensions. (Section 1.2.j) 

 
• The licensee had established procedures and work orders to perform the required daily 

monitoring surveillances required by the technical specifications, monthly vent 
inspections for damage, and monthly/annual/five year inspections of the ISFSI and 
Vertical Ventilated Module per Final Safety Analysis Report requirements.  
(Section 1.2.k) 
 

• All welding procedures contained the required variables specified in ASME Boiler and 
Pressure Vessel Code Section IX for gas tungsten arc welding.  Requirements for 
hydrogen monitoring during welding of the inner cask lid had been incorporated into the 
procedures.  The welders had met the qualification testing requirements for manual and 
machine welding of the canister lid. (Section 1.2.l) 
 

Operations of an ISFSI (60855) 
 

• The first loading inspection conducted in January 2018 included 24-hour observation of 
loading operations for the critical tasks associated with the licensee’s first UMAX 
loading.  Inspectors observed operations which included fuel loading, heavy lifts 
associated with the fuel building crane, welding and nondestructive testing of the 
canister lid-to-shell weld, hydrostatic pressure testing, forced helium dehydration, helium 
backfill, vent/drain port cover welding and nondestructive testing, helium leak testing, 
radiological surveying, and transport of the loaded transfer cask to the UMAX ISFSI pad. 
(Section 2.2.a) 

 
• During the first loading operations, the NRC inspectors identified one violation 

of 10 CFR 72.146 (c), “Design Control,” requirements.  The licensee had made 
modifications to Important to Safety components associated with the transfer cask 
seismic restraint system through the vendor’s (Holtec) corrective action program and 
did not follow the SONGS Engineering Design Change Process.  The licensee failed 
to ensure that design changes or field changes to Important to Safety components 
were subjected to design control measures commensurate with those applied to the 
original design.  The original documentation for the changes did not contain a 
rigorous engineering analysis that demonstrated the changes were acceptable and 
those changes were not properly accepted for implementation through the 
Licensee’s 10 CFR 50.59/72.48 program.  This violation was determined to have a low 
safety significance since all the deviations or modifications from the original design were 
subsequently found to be acceptable and the changes did not affect the specific 
components’ safety design function or bases.  Because the licensee entered the issue 
into their corrective action program, the safety significance of the issue was low, the 
licensee restored compliance, and the issue was not found to be repetitive or willful, this 
Severity Level IV violation was treated as a Noncited Violation, consistent with the NRC 
Enforcement Policy. (Section 2.2.b) 
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Review of 10 CFR 72.212(b) Evaluations (60856) 
 

• Emergency planning provisions for the UMAX ISFSI had been incorporated into the 
site’s emergency plan.  This included adding a specific emergency action level for an 
event involving damage to a loaded UMAX casks. (Section 3.2.a) 

 
• A fire and explosion hazards analysis had been performed specific to the SONGS UMAX 

ISFSI.  Administrative controls were established to limit the quantity of combustible and 
flammable liquids around the ISFSI and near the transport path during movement of the 
canister.  The licensee provided calculations demonstrating that the worst case 
postulated fire event during transportation would not result in a significant increase in the 
temperature of the spent fuel inside a loaded canister. (Section 3.2.b) 

 
• The licensee evaluated the bounding environmental conditions specified in the Holtec 

Final Safety Analysis Report and Certificate of Compliance 72-1040 Technical 
Specifications against actual site conditions.  These included: tornados/high winds, 
flood, seismic events, tsunamis, hurricanes, lightning, burial of the ISFSI under debris, 
normal and abnormal temperatures, collapse of nearby facilities, and fires/explosions.  
The site environmental conditions at SONGS were bounded by the Holtec storage 
system’s design parameters. (Section 3.2.c) 

 
• The licensee had implemented its approved reactor facility 10 CFR Part 50 quality 

assurance program and corrective action program for the activities associated with the 
UMAX ISFSI.  Selected quality assurance activities were reviewed related to 
calibrations, audits, surveillances, and receipt inspections. (Section 3.2.d) 

 
• The licensee had incorporated keeping radiation exposures As Low as Reasonably 

Achievable into planning for the cask loading program.  Requirements for radiation 
surveys described in the Final Safety Analysis Report and technical specifications had 
been incorporated into the licensee’s procedures for cask loading operations.  Projected 
radiation levels at the ISFSI were calculated for an assumed individual located at the 
owner controlled area boundary.  The analysis demonstrated the dose to this individual 
would meet the requirements of 10 CFR 72.104. (Section 3.2.e) 

 
• The licensee was maintaining 10 CFR Part 72 records in their quality related records 

system. (Section 3.2.f) 
 
Review of 10 CFR 72.48 Evaluations (60857) 
 

• Safety screenings had been performed in accordance with the licensee’s procedures 
and 10 CFR 72.48 requirements.  All screenings reviewed were determined to be 
adequately evaluated.  One 10 CFR 72.48 evaluation identified three areas (fire 
hazards, tornado missiles, and transfer cask drop scenario) where implementation of the 
UMAX storage system at the SONGS site was identified to be different than the 
descriptions provided in the HI-STORM FW and UMAX Final Safety Analysis Reports.  
All three changes were evaluated by the licensee through the site’s 10 CFR 72.48 
process to demonstrate the evaluations continued to meet the system’s original design 
basis acceptance criteria listed in the HI-STORM FW and UMAX Final Safety Analysis 
Reports.  An Unresolved Item was opened to track the NRC’s review of the methodology 
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utilized in the evaluation for the transfer cask drop within the spent fuel pool and 
determine if the change could be performed through the 10 CFR 72.48 process. 
(Section 4.2.a) 
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Report Details 
 
Summary of Facility Status 
 
The SONGS ISFSI consists of two ISFSI designs located adjacent to each other.  The 
Transnuclear, (TN) Inc. Nuclear Horizontal Modular Storage (NUHOMS) ISFSI contained 51 
loaded concrete advanced horizontal storage modules (AHSMs) which housed stainless steel 
dry shielded canisters (DSCs).  Spent fuel from all three reactors were stored at the NUHOMS 
ISFSI in 50 of the canisters.  Greater-than-Class-C (GTCC) waste from the Unit 1 reactor 
decommissioning project was stored in one canister.  There were a total of 63 AHSMs on the 
NUHOMS ISFSI pad.  The twelve empty AHSMs will be available for storage of additional 
GTCC waste.  The NUHOMS ISFSI pad consisted of two adjacent pad areas designed to hold 
the AHSMs.  The pads were both 293 feet in length.  The first pad area was 43 feet 6 inches 
wide and held 31 canisters.  The second pad area was 60 feet 6 inches wide and was designed 
to hold 62 AHSM in a double row, positioned back to back.  The 63 AHSMs currently on the TN 
ISFSI pads were designed for the 24PT1-DSC (Unit 1 fuel) and 24PT4-DSC (Unit 2/3 fuel) 
canisters, which hold a maximum of 24 spent fuel assemblies.  The 24PT1-DSCs were loaded 
and maintained under Amendment 0 of Certificate of Compliance (CoC) 72-1029 and 
the 24PT4-DSCs were loaded and maintained under Amendment 1 of the CoC 72-1029.  
Both systems were being maintained under Final Safety Analysis Report (FSAR) Revision 5.   
 
The Holtec UMAX ISFSI portion was designed to hold 75 multi-purpose canisters (MPCs).  
The UMAX ISFSI is 231 feet long and 102 feet wide.  However, its dimensions are not 
rectangular.  The ISFSI is wider on its northern end than on its southern end.  The support 
foundation pad was constructed below grade at the 8.5’ Mean Lower Low Water (MLLW) 
elevation.  The top of the ISFSI top pad was located at the 31.5’ MLLW elevation.  
Approximately half of the UMAX ISFSI was located below grade while the other half had 
excavated common fill that sloped up to the top of the ISFSI top pad.  The licensee has begun 
loading MPC-37s containing 37 pressurized water reactor fuel assemblies in accordance with 
UMAX CoC No. 72-1040 and Technical Specifications, Amendment 2, the HI-STORM UMAX 
FSAR, Revision 4, and the HI-STORM FW FSAR, Revision 5.  The licensee plans to remove all 
the remaining fuel from the Units 2 and 3 spent fuel pools to the UMAX ISFSI. 
 
1 Preoperational Testing of an ISFSI at Operating Plants (60854) 
 
1.1 Inspection Scope 
 

The NRC inspectors reviewed by direct observation and independent evaluation that the 
licensee has developed, implemented, demonstrated, and evaluated preoperational 
testing activities to safely load spent fuel into a dry cask storage system and transfer the 
loaded canister to the ISFSI.  The inspections verified the licensee fulfilled all 
appropriate testing acceptance criteria and implemented all required changes to the 
appropriate plant programs and procedures to support ISFSI operations.     
 

1.2 Observations and Findings  
 

a. Canister Drying 
 
The licensee utilized forced helium dehydration (FHD) to achieve the dryness levels 
required by Technical Specification Appendix A, Table 3-1.  The operation of the system 
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was described in procedure HPP-2464-300 “MPC Sealing at SONGS,” Revision 0.  The 
NRC inspectors verified that the licensee met the technical specifications required limits 
for dryness during the loading of the first canister in the January 2018 inspection.  
Helium meeting the Technical Specification, Appendix A, Table 3-1 requirement for a 
purity of 99.995 percent or greater was verified to be utilized during dry run 
demonstrations and first loading operations associated with MPC blowdown, drying, and 
backfill operations.  Helium backfill pressure requirements were incorporated into 
licensee procedure HPP-2464-300.  The NRC inspectors observed that the required 
backfill pressure was met during the loading of the first canister.   
 

b. Crane Design and Loading Operations Seismic Analysis 
 

The licensee utilized 125-ton Ederer’s Extra Safety and Monitoring (X-SAM) single-
failure-proof cranes in each of their Unit 2 and Unit 3 spent fuel buildings to transfer the 
MPC and transfer cask (HI-TRAC VW) out of the spent fuel pool to the cask washdown 
area and then onto the low-profile transporter (HI-PORT).  The NRC had reviewed the 
safety features of the X-SAM crane and issued a Safety Evaluation Report on 
January 2, 1980, related to Ederer’s Generic Licensing Topical Report EDR-I(P), 
“Ederer’s Nuclear Safety Related Extra Safety and Monitoring (X-SAM) Cranes,” 
Revision 1 and on August 26, 1983, related to Revision 3.  In the 1980 letter, the NRC 
stated that the design features presented in the topical report for the Ederer X-SAM 
crane were acceptable for assuring that a single failure would not result in the loss of 
capability to safely retain a critical load.  In the 1983 letter, the NRC Safety Evaluation 
Report discussed the features of the wire rope used for the X-SAM crane and noted the 
safety criteria for the wire rope was met and was found acceptable to the NRC.   
 
The fuel building overhead crane used a dual rope reeving system with individual 
attaching points and a load balancing system to hold and transfer the critical load without 
excessive shock in case of failure of one of the rope systems.  The X-SAM crane is 
equipped with an energy absorbing torque limiter (EATL) which allows the hoist to safely 
withstand two blocking, overloading, or load hang-up, and still retain the load even if the 
drive motor is de-energized.  Not only are the loads controlled following a two-blocking, 
load hang-up, etc., but the hoist’s components are also protected, throughout their life, 
from being overstressed by these incidents.  To provide this protection, the EATL directly 
converts the hoists high speed kinetic energy to heat during an overloading incident.  
The crane also utilized a system of upper travel limit switches that were designed to shut 
the crane down before a two-blocking event could occur.   
 
The hoist drum was provided with the structural and mechanical safety devices to limit 
its drop during a shaft or bearing failure.  The devices would also prevent disengaging 
from the holding brake.  Ederer Topical Report EDR-I (P)-A, Section III.B.1.b, stated 
“The emergency drum brake system provides an independent means for reliably and 
safely stopping and holding the load following a failure in the hoist machinery.”  Hoist 
machinery failures included shaft or bearing failures.  The crane was designed to retain 
control of and hold loads during seismic events.  The bridge and trolley were designed to 
remain in place on their respective runways with their wheels prevented from leaving the 
tracks during a seismic event.   
 
All of the Licensee’s 10 CFR Part 72 seismic evaluations, for use of the UMAX system, 
were reviewed by NRC Division of Spent Fuel Management (DSFM) during the 
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inspection period.  This review included seismic loading analysis for cranes, as well as 
the seismic stability analysis of the transfer operations of the MPC to the ISFSI pad.  The 
seismic stability during transfer operations included the HI-TRAC VW transfer cask 
(loaded with an MPC) in the spent fuel building during decontamination and closure 
operations, on the HI-PORT, on the vertical cask transporter (VCT), and during transfer 
of the MPC to the UMAX storage system ISFSI.  
 
The rated load and seismic analysis was conducted using GT-STRUDL to analyze a 
three-dimensional model to create the mass and stiffness properties of the crane 
components using line elements and lumped masses.  The response spectrum method 
from American Society of Mechanical Engineers (ASME) NOG-1, “Rules for 
Construction of Overhead and Gantry Cranes,” was used in the analysis of the seismic 
loads.  The load combinations applied to the model were consistent with those of Crane 
Manufacturers Association of America, Inc. (CMAA)-70 “Specification for Top Running 
Bridge and Gantry Type Multiple Girder Electric Overhead Traveling Cranes,” (2000) 
which included Operational Basis Earthquake (OBE) and Design Basis Earthquake 
(DBE) loads as well as the 125-ton live load, which is the rated capacity of the crane.  
The three orthogonal components of the earthquake motion were combined using the 
square root sum of squares of the structural response and combined with the static load 
cases.  A two percent critical damping was used for OBE case and a four percent critical 
damping was used for the DBE case.  Hand calculations and the finite element software 
ANSYS were used to analyze the forces on the individual components to determine their 
acceptability.  The codes, standards and regulations used for the analysis and 
acceptance criteria included ASME B30.2 (1996); CMAA-70; ASME NOG-1 (2000); 
American Society of Civil Engineers 4-86, “Seismic Analysis of Safety-Related Nuclear 
Structures” (1986); NUGREG-0554, “Single Failure Proof Cranes for Nuclear Power 
Plants,” (1976); American Institute of Steel Construction (AISC) Manual of Steel 
Construction, 9th edition; American Welding Society (AWS) D1.1, “Structural Welding – 
Steel;” AWS D14.1, “Specification for Welding of Industrial and Mill Cranes and other 
Material Handling Equipment;” and American National Standards Institute (ANSI) N14.6, 
“Special Lifting Devices for Shipping Containers Weighing 10,000 Pounds or More,” 
(1993).    
 
As part of the analyses, members classified as non-compact according to the AISC, 
were checked for local buckling.  Several upgrades were completed to satisfy the 
seismic qualification of the 125-ton crane, including a 12-wheel trolley option in lieu of 
the 4-wheel trolley.  Other specific upgrades included: replacing bolts in connection 
between the girder and the truck, adding fillet welds between the lower connection plate 
and the bottom of the bridge truck, adding a shim plate to the inside face of the box 
girder top flange (the shim provided a contact surface for the X-SAM trolley uplift seismic 
restraints), adding longitudinal stiffeners below the top flange, and adding 
vertical/transverse stiffeners to limit the web panel size to 48-inches to satisfy CMAA-70 
and ASME NOG-1 web buckling requirements. 
 
Based on the review of the design documents and calculations, the DSFM staff 
concluded that there was reasonable assurance that the cranes were structurally 
adequate to withstand the earthquake loads during fuel loading operations.   
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The HI-TRAC VW loaded with the MPC containing spent nuclear fuel was analyzed 
using a 1.20g zero period acceleration at the floor level of the cask wash down area.  
The HI-TRAC VW was prevented from tipping over by restraints at two levels that 
connect to the wall of the cask wash down area.  The restraints consist of two slings that 
connect to the wall mounted attachments and wrapped around the cask in a crisscross 
fashion to prevent the cask from tipping over.  The analysis included a concrete wall 
evaluation, a base plate and anchor bolt evaluation, and a transfer cask stop evaluation. 
 
The concrete wall evaluation demonstrated that the wall had sufficient strength to 
withstand the added bending and shear forces caused by the seismic loads on the cask, 
to include impact with the wall.  In addition, should the concrete cask impact the wall, the 
wall had sufficient thickness to prevent penetration or perforation, and sufficient strength 
to resist the punching shear that results from compression on the steel tubes that make 
up the cask stop. 
 
The analysis of the seismic restraint anchor assembly demonstrated that the base plate, 
stiffener plates and associated welds, and anchor bolts had sufficient strength to 
withstand the seismic loads due to restraining the cask.    
 
The transfer cask stop consisted of a steel tubes connected together with welded gusset 
plates.  The analysis of the stop assembly determined that the steel tubes, gusset plates 
and associated welds were structurally adequate to resist the compressive, bending, and 
shear forces due to the seismic load.  Additionally, the force generated from the seismic 
load was within the load capacity of the seismic restraints and shackle.   
 
Based on a review of the design documents and calculations, the DSFM staff 
concluded that there was reasonable assurance that the seismic restraint system as 
well as the concrete wall to which it was attached, had adequate strength to maintain the 
HI-TRAC VW transfer cask, loaded with an MPC and spent nuclear fuel, stable in the 
cask washdown area under the DBE.   
 
The HI-PORT, loaded with the HI-TRAC VW and MPC, during transit on the haul path at 
SONGS was analyzed for stability (tip-over and sliding) during a design basis seismic 
event.  The HI-PORT was comprised of two trailers with a drop deck between them.  The 
HI-TRAC VW bottom flange was bolted to a seismic restraining ring which was bolted to 
the drop deck of the HI-PORT. 
 
Five time history sets were used to perform the stability analysis which was simulated 
with the computer code LS-DYNA.  The mean values of peak axial and shear loads 
on the individual bolts were obtained from the dynamic analysis, as were the mean 
bending and shear loads in the trailers and drop-deck, and the mean loads at the 
connections between the trailers and the drop-deck.  These loads were compared 
against the structural capacities of the respective components.  All load bearing 
components were shown to have safety factors greater than 1.0 (structural capacity 
was greater than structural demand).  The maximum rocking angle in the lateral direction 
was 0.035 degrees and the maximum sliding distance of the HI-PORT was 10.38 inches.  
Using a factor of safety of three, a minimum clearance of 32 inches to the outer edge of 
safety related structures was established and implemented in the licensee’s 
transportation procedures.  In addition, the HI-PORT was restricted to 3.1 miles per 
hour.      
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Based on a review of the design documents and calculations, the DSFM staff concluded 
that there was reasonable assurance that the HI-PORT, loaded with the HI-TRAC VW 
transportation cask, would not tip over, and that the HI-TRAC VW would remain attached 
to the HI-PORT during a DBE.  Additionally, with the imposed transport limitations 
(distance and speed), the HI-PORT would not impact safety related structures while in 
transit during a potential DBE. 
 
The seismic response of the VCT carrying the HI-TRAC VW was analyzed on the haul 
path, the transfer slab, the ISFSI ramp, the approach slab, and the ISFSI pad during the 
bounding DBE.  The design basis response spectra and corresponding time histories at 
grade level were used in the stability evaluation to ensure the VCT did not tip over and 
remained on the respective path, transfer/approach slab, and ISFSI pad.   
 
The ISFSI ramp was assumed to have a grade of seven percent.  Based on Licensee 
UMAX design drawings, the maximum grade of six percent existed on the ISFSI ramp.  
Additionally, the VCT was assumed to tip in the lateral direction (shortest footprint 
dimension), which would require the VCT, loaded with a HI-TRAC VW, to travel across 
the path instead of up or down the path.  The site specific zero period acceleration for 
SONGS was 0.67g horizontal and 0.45g vertical.  The amplification from the HI-STORM 
UMAX soil structure interaction (SSI) analysis was 1.1, 1.0, and 1.08 in the E-W, N-S, 
and vertical directions for the top of the ISFSI pad.  The zero period acceleration was 
amplified by 15 percent for the analysis on the ISFSI pad, approach slab, and ramp.   
 
The center of gravity of the VCT loaded with the HI-TRAC VW was based on a 
maximum lift height of 11 inches on the haul path and 51 inches on the ISFSI pad.  
These lift height distances were controlled by the licensee’s transfer operation 
procedures.   
 
Upon review of the sliding analysis, it was determined that the VCT will slide under the 
bounding DBE.  A minimum distance of 47 inches from the edge of the ISFSI ramp, 
approach slab, and ISFSI pad was recommended to ensure the VCT would not slide off 
of the structures.  This limit was based on a safety factor of greater than 1.0.  The 
licensee’s transportation procedure contained the required standoff distance and a white 
line was painted around the edge of the ISFSI ramp, approach slab, and ISFSI pad to 
ensure workers would abide by the limitations from the evaluation.   
 
Based on a review of the design documents and calculations, the DSFM staff concluded 
that there was reasonable assurance that the VCT, loaded with the HI-TRAC VW 
transfer cask, would not tip over on the transfer slab, ISFSI ramp, approach slab, or the 
ISFSI pad as a result of the DBE.  Additionally, with the imposed transport limitations, 
the staff had reasonable assurance that the VCT, loaded with the HI-TRAC VW, would 
not slide off of the ISFSI ramp, approach slab, or the ISFSI pad as a result of the DBE.   
 
The stack-up evolutions at the UMAX ISFSI pad consisted of the HI-TRAC VW transfer 
cask bolted to the Mating Device (MD), the MD bolted to the Mating Device Adapter 
(MDA), and the MDA bolted to the HI-STORM UMAX Cavity Enclosure Container (CEC).  
An evaluation was performed to determine the structural adequacy of   
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the HI-TRAC VW-to-MD, MD-to-MDA, and MDA-to-CEC connections as well as the 
ISFSI pad bearing capacity under the DBE. 
 
A finite element model of the HI-TRAC VW, MD, and MDA on top of the ISFSI pad 
was built in LS-DYNA to determine the loading on the bolts, welds, and components, 
as well as the ISFSI pad.  Hand calculations were then used to determine the structural 
adequacy of the connections and components in accordance with ASME Boiler and 
Pressure Vessel Code (BPVC), Section III, Division I, Subsection NF, and the structural 
adequacy of the ISFSI pad in accordance with American Concrete Institution 
(ACI) 318-05.  A scale factor of 20 percent was applied to the at-grade DBE basis 
earthquake time history set in all directions to account for amplification at the top of the 
pad. 
 
The peak axial and shear loads on the bolts that connected the HI-TRAC VW, MD, MDA 
and CEC were all less than the maximum allowable load for the bolts.  The bolt 
interaction ratio (used to evaluate the combination of axial and shear forces on the bolts) 
were less than one, indicating the bolts were adequate under the combined axial and 
shear forces.  Additionally, an analysis of the shear strength of the threads determined 
that the engagement lengths of the bolts were adequate for the connections.    
 
The plate stresses in the MD were taken directly from the LS-DYNA analysis and 
compared with the allowable stress for that material.  Components and welds that were 
not explicitly modeled were evaluated using bounding loads obtained from the analysis.  
All load bearing components and welds were determined to have safety factors greater 
than 1.0, meaning the calculated stress was less than the allowable stress for that 
material.          
 
The tensile loads at the MD-to-MDA and MDA-to-CEC bolted connections were used to 
evaluate the supporting components and welds within the MDA.  All bearing components 
and welds were determined to have safety factors greater than 1.0.       
 
Finally, the ISFSI pad concrete bearing capacity was evaluated using the total load 
along each side of the MDA that was extracted from the LS-DYNA analysis.  The safety 
factors against bearing on the ISFSI pad concrete due to the loads between the MDA 
and the CEC cover plate during stack-up were determined to be greater than 1.0.     
 
Based on a review of the design documents and calculations, the DSFM staff concluded 
that there was reasonable assurance that the stack-up of the HI-TRAC VW, MD, and 
MDA on the CEC had adequate strength to sustain the DBE on the ISFSI pad.  
Additionally, the staff concluded that the ISFSI pad concrete strength was sufficient to 
withstand the DBE during stack-up operations.     

 
c. Crane Inspection and Operation 

 
During the licensee’s programs review, NRC inspectors reviewed SONGS crane 
maintenance program for the 125-ton single-failure-proof X-SAM cranes located in 
the Unit 2 and 3 spent fuel buildings.  Frequent crane inspections were performed 
daily during use, on the X-SAM cranes as required by the ASME B30.2 code.  
The inspection criteria from the ASME B30.2 code was captured in the licensee’s 
Procedure HPP-2464-010, “SONGS Cask Handling Crane Checkout and Operation,” 
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Revision 2.  The NRC inspectors observed the licensee perform the daily inspection 
during dry run demonstrations and first canister loading operations.   
 
The required annual testing of the overhead X-SAM cranes followed HPP-2464-009, 
“Maintenance and Inspection of Cranes,” Revision 1.  The latest annual inspection was 
completed during the recent load testing of the cranes on November 11, 2017, for Unit 2 
and October 2, 2017, for Unit 3.  The licensee’s procedure contained all the required 
inspection criteria outlined in ASME B30.2 and ASME B30.10, “Hooks.”  Additionally, all 
the crane’s safety devices were tested in accordance with the Ederer Topical Report, 
Revision 3.  The safety devices tested included: overload sensing system, hydraulic load 
equalization system fluid level, EATL, emergency drum brake system, drive train 
continuity detector, and wire rope spooling monitor.   
 
Crane operation requirements and crane operator qualification requirements from 
ASME B30.2 were reviewed during dry run demonstrations and the first loading 
operations by NRC inspectors.  The NRC inspectors verified that the crane operators 
training and qualification program met the requirements of the ASME code.  
Documentation was provided that demonstrated the crane operators for the first loading 
operations were trained and qualified in accordance with the licensee’s program.  The 
NRC inspectors observed the operators perform the required ASME code brake test 
prior lifting a load that approached the rate load.  This was accomplished by raising the 
load a short distance and applying the brakes to ensure the load would not lower 
unexpectedly.  In accordance with the site’s heavy load program and NUREG-0612, 
“Control of Heavy Loads and Critical Lifts,” lift heights, load paths, special provisions, 
temperature restrictions, and rigging diagrams were placed in the appropriate 
procedures for the transfer operations that were occurring.   
 

d. Crane Load Testing 
 
The maximum calculated weight of the HI-TRAC VW with a MPC loaded with spent 
fuel and water raised out of the spent fuel pool was described in Holtec Report No. 
HI-2156458, “Cask Handling Weights at SONGS,” Revision 3 as 246,537 pounds 
(123.3 tons).  Both Units’ 125-ton X-SAM cranes had recently completed a static load 
tested to 125 percent the rated capacity followed by a dynamic performance load test 
at 100 percent of the rated capacity.  The Unit 2 crane’s load testing was completed on 
November 20, 2017, and the Unit 3 crane’s load testing was completed on 
October 2, 2017.  The dynamic testing included movement in all directions and verifying 
all limiting and safety control devices.  Additionally, the licensee provided documentation 
that demonstrated that each of the 125-ton hooks had been statically load tested to 
200 percent the rated capacity in accordance with ASME B30.10 in 2003 by Ederer Inc.   
 

e. Dry Run Demonstrations  
 

The Holtec CoC 72-1040 Condition #8 required that dry run training exercises of the 
loading, closure, handling, unloading, and transfer of the HI-STORM UMAX Canister 
Storage System shall be conducted by the licensee prior to the first use of the system to 
load spent fuel assemblies.  The dry runs shall include, but are not limited to the 
following: (a) Moving the MPC and the transfer cask into the spent fuel pool or cask 
loading pool; (b) Preparation of the HI-STORM UMAX Canister Storage System for fuel 
loading; (c) Selection and verification of specific fuel assemblies to ensure type 

SCE-SER 000928

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-4, Page 69 of 194
(947 of 2110)



 

 
14 

conformance; (d) Loading specific assemblies and placing assemblies into the MPC 
(using a dummy fuel assembly), including appropriate independent verification; 
(e) Remote installation of the MPC lid and removal of the MPC and transfer cask from 
the spent fuel pool or cask loading pool; (f) MPC welding, nondestructive examination 
(NDE) inspections, pressure testing, draining, moisture removal (by vacuum drying or 
forced helium dehydration, as applicable), and helium backfilling (A mockup may be 
used for this dry-run exercise); (g) Transfer of the MPC from the transfer cask to the 
HI-STORM UMAX Vertical Ventilated Module (VVM); and (h) HI-STORM UMAX Canister 
Storage System unloading, including flooding MPC cavity and removing MPC lid welds 
(A mockup may be used for these dry-run exercises).  
 
On June 26-30, 2017, NRC inspectors observed SONGS perform dry run 
demonstrations listed in Condition #8 (f) and (h): MPC welding, NDE inspections, and 
removing MPC lid welds.  The licensee utilized Holtec’s welding vendor PCI Energy 
Services (PCI) to perform the welding on a mock-up canister.  The welding 
demonstration included MPC lid to shell welding, welding of the vent and drain cover 
plates, welding of the plug on the cover plates, welding of the canister closure ring, and 
demonstration of the in-line hydrogen monitoring system.  The visual NDE examinations 
and the liquid dye penetrant examinations were performed on all the welds.  Additionally, 
helium leak testing of the vent and drain port covers was performed during the dry run by 
Leak Test Services (LTS).  The licensee successfully demonstrated all required welding 
and the NDE examinations.   
 
The removal of the canister lid welds was demonstrated by providing the NRC with a 
videotape of a welded MPC-37 lid being removed.  The DSFM has accepted that if the 
cutting evolution had been successfully completed on the same model of MPC canister 
at one site, another general licensee can take credit for the demonstration, as long as 
the same equipment and procedures would be utilized.  The demonstration to remove 
the welds from a MPC-37 canister was performed July 16-18, 2015, at the Holtec 
Manufacturing Division located in Turtle Creek, PA.  Inspectors from NRC’s DSFM 
observed the cutting dry run at the Holtec facility.  The cutting activities included boring 
through the cover plate and the MPC vent/drain port covers.  The lid cutting machine 
was then utilized to cut through the cover plate and the MPC lid-to-shell weld.  During 
the cutting evolution, Holtec personnel purged the area under the lid with argon while 
monitoring for hydrogen as required by the FSAR.  All cutting demonstrations were 
successful, and the MPC lid was removed from the shell.  This inspection was 
documented in an NRC Inspection Report (ADAMS Accession No. ML15303A348).  The 
procedures and arrangements to use the same cutting system had been adopted into 
the SONGS ISFSI program.    
 
On August 1-3, 2017, NRC inspectors observed SONGS complete dry run 
demonstrations of Condition #8 (f) and (h).  The specific operations included: pressure 
testing, draining, moisture removal (by forced helium dehydration), helium backfilling and 
the unloading portion of flooding the MPC cavity.  The fluid operations demonstration 
included observing the licensee’s implementation of their radiation protection and foreign 
material exclusion programs.  All demonstrations were successfully performed on a 
mock-up canister.    
 
On September 25-28, 2017, NRC inspectors observed SONGS complete dry run 
demonstrations of Condition #8 (b), (g), and (h).  The specific operations included:  
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preparation of the UMAX for canister loading, transfer of the MPC/transfer cask from the 
spent fuel pool building to the UMAX ISFSI, downloading the MPC into the VVM, and 
unloading portions that included removing the MPC from the VVM and returning the 
MPC/transfer cask to the spent fuel building.  The heavy loads demonstration included 
preparing the UMAX for the canister by installing the mating device, use of the HI-PORT 
and the VCT to move the canister from the spent fuel pool building to the UMAX ISFSI 
and back.  All demonstrations were completed with a mock-up canister that was filled 
with concrete to simulate the weight of the MPC loaded with spent fuel.  The licensee 
successfully completed all required movements associated with the required 
demonstration.   
 
On October 9-13, 2017, during the programs review, the inspectors reviewed the 
licensee’s fuel selection and verification procedure completing dry run demonstration 
Condition #8 (c).  Additional information related to the fuel selection is contained in 
Section 1.2.f of this report.  Additionally, a physical walk-through of the selection and 
verification process associated with the licensee’s program was demonstrated during the 
final dry run when the licensee performed fuel loading operations of a dummy fuel 
assembly into several positions in the canister basket on December 4-7, 2017.  The 
licensee successfully implemented an adequate process to select fuel and to verify the 
assemblies loaded.   
 
On December 4-7, 2017, the NRC inspectors observed SONGS complete dry run 
demonstrations of Condition #8 (a), (c), (d), and (e).  The specific operations included: 
moving the MPC and the transfer cask into the spent fuel pool, a walk-through of the 
independent verification process for fuel loading, loading a dummy fuel assembly into a 
number of positions in the MPC, remote installation of the MPC lid, and removal of the 
MPC and transfer cask from the spent fuel pool.  These operations were completed in 
the Unit 3 spent fuel building using the licensee’s 125-ton overhead cask handling crane 
and the Unit 3 bridge crane that moves fuel assemblies within the pool.  This 
demonstration completed all the required dry run demonstrations from the CoC.  The 
licensee successfully completed the above listed operations and demonstrated that the 
procedures, programs, and training related to the dry cask storage operations for the 
Holtec HI-STORM UMAX system had been successfully integrated into their site 
operations.  
 

f. Fuel Selection/Verification 
 

Dry cask storage planning for the SONGS UMAX ISFSI included removing all fuel 
contents from the Unit 2 and 3 spent fuel pools (SFPs) to support decommissioning 
activities at the formerly operational nuclear plant.  The items to be placed into the 
UMAX ISFSI included 2,668 spent fuel assemblies and associated hardware, Rod 
Storage Baskets, and other fuel associated debris from the two SFPs.  The NRC 
inspectors reviewed Holtec Report HI-2167416, “Loading Plans for SONGS ISFSI 
Expansion,” Revision 6.  All of the SFP contents to be stored in the SONGS ISFSI met 
the HI-STORM UMAX CoC 72-1040, Appendix B requirements for storage of spent fuel 
assemblies, damaged fuel assemblies, and other associated fuel related items.  The 
spent fuel planned for storage in the SONGS UMAX ISFSI also met the loading 
requirements of the proposed Holtec HI-STAR 190 transportable cask.   
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The licensee performed a full characterization of the spent fuel contents of their Unit 2 
and 3 SFPs.  The fuel assemblies selected for storage met all of the Holtec 
CoC 72-1040 requirements, including length, width, weight, cooling time, fuel 
utilization (burn-up), cladding types, decay heat, and fuel initial enrichment.  The 
majority of the contents to be loaded into the Holtec UMAX ISFSI were intact spent fuel 
assemblies.  There were, however, a number of a fuel assemblies that met the Holtec 
UMAX CoC Appendix B definition of damaged fuel assemblies.  The items identified as 
damaged fuel or fuel debris can be stored in the UMAX ISFSI but can only be loaded 
into twelve peripheral locations of the MPC-37 canister in damaged fuel containers.  
Approximately 28 MPC-37s with damaged fuel containers will be loaded into the SONGS 
UMAX ISFSI. 
 
In the event of an MPC misloading (violation of CoC 72-1040, Appendix B, Section 2.1), 
SONGS Procedure SO123-0-A7, “Notification and Reporting of Significant Events,” 
Revision 44, required that SONGS notify the NRC Operations Center within 24 hours 
after the licensee or other entity discovers the violation. 
 
Procedure HPP-2464-200, “MPC Loading at SONGS,” Revision 0 included steps that 
address the requirements of Holtec CoC 72-1040, Appendix A, including meeting the 
proper boron concentrations for loading the intact and damaged spent fuel assemblies at 
SONGS.  The procedure included steps for independent post loading verification of fuel 
assemblies by SONGS Reactor Engineering personnel by video.  The post loading 
verification is required by the HI-STORM FW FSAR, Section 9.2.3.3.  Site procedures 
provided provisions for controlling and tracking the stored spent fuel records in 
accordance with 10 CFR 72.72 and 10 CFR 72.174.  In accordance with the 
requirements of 10 CFR Part 74, SONGS Procedure SO123-X-1.7, “Special Nuclear 
Material Accountability,” Revision 22 controlled tracking spent fuel and special nuclear 
material.    

 
g. Heavy Loads 
 
 The licensee utilized two VCTs to lift the loaded HI-TRAC VW with MPC from the 

HI-PORT to the UMAX ISFSI pad for long term storage.  The VCT was classified as an 
Important to Safety (ITS) component since the device provided the function of a crane to 
download the MPC from the HI-TRAC VW into the CEC.  Each VCT was factory tested, 
statically to 125 percent and dynamically to 100 percent of the rated load.  The VCTs 
were rated to 207.5 tons, in order to accommodate users that utilize the same VCT to 
carry a loaded HI-STORM FW overpack that weighs considerably more than a loaded 
HI-TRAC VW (118.5 tons).  One VCT was tested on April 9, 2015, the other on April 7, 
2016.  All the weights utilized were verified to be slightly over the 125 percent and 
100 percent weight requirements.  During the dynamic load test, each VCT was traveled 
in all directions while testing the systems’ safety devices.   

 
 The VCT’s MPC downloader system was statically tested to 150 percent and 

dynamically to 100 percent of the rated load on the same dates as the VCT load 
testing described above.  The MPC downloader system was rated to 128 tons.  The 
weight of an MPC loaded with spent fuel and backfilled with helium weighed 
approximately 49 tons.  After the testing of each downloader system, all accessible load 
bearing welds for the VCT that were designated as ITS, were subjected to visual and 
magnetic particle testing.   
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Technical Specification 5.2.c.2 required the VCTs to be inspected and maintained in 
accordance with NUREG-0612.  Based on Holtec guidance, the licensee inspected the 
transporter in accordance with applicable sections of ASME B30.2 to meet the 
requirement.  The daily inspection guidance was provided in HPP-2464-400, “MPC 
Transfer at SONGS,” Attachment 8.8, “VCT Frequent Use Inspection Checklist.”  The 
annual inspection guidance was provided in HPP-2464-720, “Inspection and 
Maintenance for Vertical Cask Transporter,” Revision 2 and was last completed on 
December 15, 2017 for each VCT.  The inspection procedure met the applicable 
requirements of the ASME code.   

 
 The NRC inspectors verified that the transportation procedures associated with the VCT 

movements contained lift heights, load paths, special provisions, temperature 
restrictions, and rigging diagrams for all heavy lifts in accordance with the site’s heavy 
load program and NUREG-0612 requirements.   

 
h. Nondestructive Examination (NDE) 
 

The NDE program adopted by SONGS to perform NDE inspections on the MPC welds 
was reviewed by the NRC inspectors to ensure the program and implementing procedures 
met the applicable ASME codes required by the UMAX FSAR.  The NDE inspections of 
welds were performed by PCI’s personnel.  The helium leak testing was performed by 
LTS.  During the welding dry run inspection on June 26-30, 2017, NRC inspectors 
reviewed the qualification requirements for the Level II or Level III inspectors for each 
program, the procedures utilized for each type of inspection, the work process, and the 
qualification of materials utilized in the inspections to verify the ASME/ANSI code 
requirements and technical specifications of license were properly incorporated in to 
licensee’s program.   
 
The helium leak testing was performed in accordance with ANSI N14.5, “Leak Tests on 
Packages for Shipment for Radioactive Materials,” Revision 1997, to the established leak 
tight criteria of a leakage less than 2x10-7 atmosphere cubic centimeters per second 
(atm*cc/sec) as required by CoC 72-1040 Technical Specification, Appendix A 
Surveillance Requirement 3.1.1.3.  The leak testing was performed in accordance with 
Procedure MSLT-MPC-Holtec, “Helium Mass Spectrometer Leak Test Procedure for 
MPC,” Revision 3665-00.  The process utilized a helium leak rate detector with a 
sensitivity level well below the technical specification leak rate criteria.  Additionally, a 
calibration standard traceable to the National Institute of Standards and Technology was 
utilized to calibrate the helium leak rate detector prior to use.  Four LTS Level III 
inspectors’ certificates of qualification were reviewed to verify their certifications met 
American Society for Nondestructive Testing Inc. (SNT-TC-1A), “Recommended Practices 
for Qualification and Certification of NDE testing Personnel,” Revision 1992 criteria and 
were current for the dates of the dry run and first loading inspection.  During the first 
loading inspection, the licensee successfully performed the leak testing of the first MPC 
and results were below the required helium leak rate limit.   
 
The NDE visual testing of the MPC canister welds was performed in accordance with 
Procedure GQP-9.6, “Visual Examination of Welds,” Revision 16.  The NRC inspectors 
verified the procedure contained the required acceptance criteria listed in ASME BPVC, 
Section III, “Rules for Constructions of Nuclear Facility Components,” Article NF-5360,  
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Revision 1995.  The procedure’s qualification record demonstrated that the examination 
process was adequate to identify the required standard reference indications.   
 
The NDE liquid penetrant testing of the MPC canister welds was performed in accordance 
with Procedure GQP-9.2, “High Temperature Liquid Penetrant Examination and 
Acceptance Standards for Welds, Base Materials, and Cladding,” Revision 9.  The NRC 
inspectors verified the procedure contained the minimum elements from ASME BPVC 
Section V, “Nondestructive Examination,” Article 6, T-621, and the acceptance criteria 
listed in ASME Section III, NB-5352.  The procedure’s qualification record was reviewed to 
verify the process was capable of detecting the required indications.  Certified mill test 
reports with chemical analysis for the materials used in the high temperature liquid 
penetrant examinations (cleaner solvent, developer, and dye penetrant) met ASME 
Section V, Article 6, T-641 requirements.  All cleaning, developing, and final interpretation 
time limits, based on the temperature of the component, were specified in the procedure 
and adhered to by the NDE personnel.  The liquid penetrant examination was required by 
the procedure to be performed on the root pass weld, prior to any intermediate weld 
exceeding 3/8”, and the final weld in accordance with CoC 72-1040 Appendix B Table 3-1 
criteria.  The NDE personnel complied with ASME code requirements regarding surface 
preparation and avoiding excess penetrant removal.  Two PCI Level II inspectors 
certifications of qualification were reviewed to verify their training was current and in 
accordance with the SNT-TC-1A qualification requirements for visual and liquid dye 
penetrant examinations.  During the first loading inspection, the licensee successfully 
performed the NDE examinations on first MPC with no indications identified.   
 

   i. Pressure Testing 
 
The Holtec HI-STORM UMAX FSAR states that the Holtec MPCs placed into the 
UMAX VVM for storage are pressure tested in accordance with Section III, 
Subsection NB-6000 of the ASME BPVC to meet structural requirements and to 
verify the confinement function of the UMAX dry fuel storage system.  The UMAX FSAR 
established the MPC pressure testing requirements by making direct reference to the 
pressure testing requirements listed in the HI-STORM FW FSAR.  Both HI-STORM FW 
and HI-STORM UMAX dry fuel storage systems utilize the MPC-37.  In addition, the 
Holtec HI-TRAC VW water jacket was required to be hydrostatically pressure tested per 
the applicable ASME code after being manufactured and the test results documented. 
 
Holtec HI-STORM FW FSAR, Section 10.1.2.2.2, “MPC Confinement Boundary,” 
required that either a hydrostatic test to 125 percent of the design pressure or a 
pneumatic pressure test to 120 percent of the design pressure take place in accordance 
with the requirements of the 2007 ASME Code when field welding of the MPC lid-to-shell 
weld was completed.  The design pressure of the MPC-37 canister is 100 psig.   
 
The NRC inspectors reviewed Procedure HPP-2464-300, “MPC Sealing at SONGS,” 
Revision 0, and found that the procedure described the hydrostatic testing of the MPC 
lid-to-shell weld, including holding the pressure between 125.5 to 129.5 psig for 
10 minutes, and specified that the pressure be maintained.  During the pressure test, the 
weld area was to be inspected for water leakage.  After the test was completed, the 
canister was allowed to depressurize and a liquid dye penetrant test of the weld area 
was required.  The steps of the procedure were aligned with the requirements of ASME 
code.    
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The NRC inspectors observed SONGS successfully perform the hydrostatic testing 
requirements of a mock-up MPC-37 canisters during the fluid operations dry run 
demonstration on August 1-3, 2017, and during the NRC inspection of loading activities 
for the first MPC-37 processed during the loading campaign on January 25, 2018.  The 
hydrostatic test and the post visual and liquid penetrant examinations were performed 
satisfactorily on both occasions in accordance with ASME code requirements. 
 
Procedure HPP-2464-300 controlled pressure gauge calibrations in accordance with 
ASME Code, Section III, Article NB-6413 to not exceed two weeks.  The NRC inspectors 
verified that the pressure gauges used for the hydrostatic testing of the MPC had been 
calibrated within an acceptable date range during the first loading inspection. 
 

j. Special Lifting Devices and Slings  
 
The special lifting devices utilized for the UMAX loading operations were reviewed by the 
NRC inspectors to verify compliance with ANSI N14.6 requirements.  The list of special 
lifting devices included:  MPC lift cleats, HI-TRAC lift lugs, HI-TRAC lift links, lift yoke, 
and lift yoke extension.  Component purchase specifications or structural evaluations of 
selected devices were reviewed to verify the material used for fabrication met the six 
times yield strength and ten times ultimate strength in accordance with ANSI 
requirements.  Dual path components were required to be capable of lifting three times 
the combined weight of the shipping container plus the weight of the intervening 
components of the special lifting device, without generating a combined shear stress or 
maximum tensile stress at any point in the device in excess of the corresponding 
minimum tensile yield strength of the material of construction.  The devices were also 
required to be capable of lifting five times the weight without exceeding the ultimate 
tensile strength of the materials.   
 
The required load testing documentation was provided for each special lifting device to 
verify the devices underwent 300 percent load testing at the manufacturer’s facility.  The 
test loads were held for ten minutes and then a visual, dimensional, and NDE inspection 
were conducted on the components.  No NDE indications or issues were identified 
during the post load testing of the devices reviewed.   
 
Annual inspection of the special lifting devices was established in the licensee’s 
programs.  Procedure HSP-355 “Annual Recertification of Special Lifting Devices,” 
Revision 3, covered the annual inspection requirements for the MPC lift cleats, 
HI-TRAC lift lugs, HI-TRAC lift links, lift yoke, and the Holtec lift yoke extension.  
Procedure HPP-2464-030 “Testing and Inspection of Trans Nuclear Dry Fuel Storage 
Special Lifting Devices at SONGS,” Revision 1, provided the instructions to perform the 
annual testing of the TN equipment.  In accordance with ANSI requirements, the 
procedures required either a load test with a visual and dimensional test or a 
nondestructive test of the critical areas with a visual and dimensional test if the load test 
was omitted.   
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k. Storage Operations 
   

 The licensee had established procedures and work orders to perform the required daily 
vent or air temperature monitoring surveillances required by the technical specifications, 
monthly vent inspections for damage, and monthly/annual/five year inspections of the 
ISFSI and VVMs per FSAR requirements.  The daily vent or temperature monitoring 
inspections was implemented in licensee Procedure S023-3-2.37 “Advanced Horizontal 
Storage Modules/Vertical Ventilated Modules System,” Revision 9 in accordance with 
CoC 72-1040, Appendix A, Technical Specification 3.1.2.  The monthly vent inspection 
for damage was implemented in licensee Work Order Task Sheet 0917-77051-3 
“HI-STORM UMAX ISFSI VVM Vent Screens,” in accordance with UMAX FSAR 
Table 10.4.1 requirements.  The monthly, annual, and five year inspections of 
UMAX ISFSI and VVMs was implemented in a number of work orders which met the 
requirements listed in UMAX FSAR Tables 10.4.1 and 10.4.2.    

 
l. Welding  

 
The NRC inspectors reviewed the licensee’s MPC closure procedure to ensure that the 
lid-to-shell weld, closure ring weld, and vent and drain cover welds met the requirements 
of CoC 72-1040, Appendix B, such that all applicable welds were subjected to liquid dye 
penetrant examination and helium leak testing, when applicable, and combustible gas 
monitoring was in place during the lid-to-shell welding.  As required by CoC 72-1040 
Condition 8.f (see Section 1.2.e, above), the licensee successfully demonstrated that 
their welding processes during the welding dry run demonstration on June 26-30, 2017.  
The NRC inspectors also verified that the CoC 72-1040, Appendix B requirements were 
satisfied during the processing of the first MPC-37 for SONGS’ UMAX loading campaign.   
 
During the welding dry run, the NRC inspectors verified that all of the applicable 
requirements of ASME BPVC Sections -II, -III, and -IX were being followed for welding 
materials, procedure qualification, and welding performance in the field.  In specific, the 
NRC inspectors verified through procedure and document review that the appropriate 
weld qualification records were in place and that certain welding processes, such as tack 
welding, gas tungsten arc welding, and weld repairs, followed the appropriate guidance.   
 
The NRC inspectors verified by records review that weld filler materials and electrodes 
met the minimum applicable requirements of ASME BPVC, Sections -II and -III, including 
delta ferrite content.  The NRC inspectors also verified by procedure review and field 
verification that the licensee had procedures in place to direct the specification, control, 
and storage of purchased weld materials in accordance with 10 CFR 72.154.    
 
The licensee had procedures in place to direct all welding activities, including weld 
repairs.  The training and qualification records for the welders were provided for 
inspection.  The welders performing the MPC closure operations during the dry runs and 
for the loading of the first MPC-37 met all of the required training and were qualified to 
perform all of the welds applicable to MPC-37 closure operations. 
 

1.3 Conclusions 
 
The FHD dryness limits, helium purity, and helium backfill requirements established in 
Technical Specification Appendix A Table 3-1 had been incorporated into the licensee’s 
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procedures.  The licensee planned to use the FHD system for drying all canisters loaded 
at the site.  Operation of the FHD system and backfill to the required limits was 
demonstrated during the pre-operational dry run exercises and first loading activities.  
 
The cask loading cranes used in the spent fuel handling buildings to lift the spent fuel 
canisters had been accepted by the NRC in 1980 as single failure proof cranes.  The 
cranes were designed to retain control of and hold loads during a DBE at the SONGS 
site.  Calculations were reviewed by NRC’s DSFM that demonstrated that the forces 
from a seismic event in the upward and horizontal directions would not exceed the 
strength of the crane’s seismic restraints.  Additional seismic evaluations were reviewed 
to ensure seismic stability during transfer operations.  This review included the transfer 
cask (loaded with a canister) in the spent fuel building during decontamination and 
closure operations, on the low profile transporter, on the vertical cask transporter, and 
during transfer of the MPC into the UMAX ISFSI.  Based on the review of the design 
documents and calculations, the Division of Spent Fuel Management’s staff concluded 
that there was reasonable assurance that the cranes and other handling/restraining 
equipment were structurally adequate to withstand DBE loads during fuel loading 
operations. 

 
The 125-ton spent fuel building cranes were subjected to daily prior-to-use inspections 
that satisfied the requirements of ASME B30.2.  On an annual basis the cranes were 
subjected to a more rigorous inspection that met the requirements of ASME B30.2 and 
the Ederer Generic Licensing Topical Report  

 
The 125-ton spent fuel building cranes were properly load tested, as required by 
ASME B30.2, in the fall of 2017.  The tests included a full performance test with 
100 percent of the maximum critical load and a 125 percent static load test.  The cranes’ 
hooks were subjected to a 200 percent hook load test in 2003 by Ederer Inc.  

 
The NRC inspectors observed the licensee successfully complete all the required pre-
operational tests specified by License Condition #8 of the CoC.  This included fuel 
assembly selection, welding, nondestructive testing, drying, helium backfilling, and the 
unloading of a sealed canister.  A weighted canister was used to demonstrate heavy 
load activities inside the fuel handling building, transport between the fuel handling 
building and the ISFSI, and movement back into the fuel handling building for unloading 
purposes.  

 
The licensee’s fuel loading characterization plan met the HI-STORM UMAX 
CoC 72-1040, Appendix B limits for length, width, weight, irradiation cooling time, 
average burn-up, cladding, decay heat, and fuel enrichment.  The licensee had 
established provisions for independent verification of the correct loading of spent fuel 
assemblies into the canister by use of video.  

 
The licensee had incorporated the requirements related to the ISFSI project into the site 
heavy loads programs and procedures.  Lift height limits, travel paths, and temperature 
restrictions during movement of the transfer cask had been incorporated into the 
licensee’s procedures consistent with the requirements in the FSAR.  The site’s VCT 
were load tested and maintained in accordance with NUREG-0612 criteria.  
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The requirements for nondestructive testing of a spent fuel canister were incorporated 
into the licensee’s procedures.  The helium leak testing equipment used during the dry 
run demonstration and first loading was verified to meet the requirements listed in the 
technical specifications.  The visual and liquid dye penetrant examination procedures 
implemented all the applicable requirements from ASME BPVC Section III, Section IV, 
and the FSAR regarding nondestructive examination of welds.  A review of the 
nondestructive testing personnel’s qualifications revealed they were properly qualified as 
a Level III or Level II examiners. 

 
The requirements for canister hydrostatic testing had been incorporated into the 
licensee’s procedures and were consistent with the requirements of ASME BPVC 
Section III Subsection NB, Article NB-6000.  The hydrostatic testing sequence and 
criteria described in the FSAR had been incorporated into the licensee’s procedures.  

 
The licensee’s special lifting device program complied with ANSI N14.6 criteria for stress 
design, annual inspections, and 300 percent proof loadings for the MPC lift cleats, HI-
TRAC lift lugs, HI-TRAC lift links, lift yokes, and the lift yoke extensions.  

 
The licensee had established procedures and work orders to perform the required daily 
monitoring surveillances required by the technical specifications, monthly vent 
inspections for damage, and monthly/annual/five year inspections of the ISFSI and VVM 
per FSAR requirements.   
 
All welding procedures contained the required variables specified in ASME BPVC 
Section IX for gas tungsten arc welding.  Requirements for hydrogen monitoring during 
welding of the inner cask lid had been incorporated into the procedures.  The welder’s 
performance qualification test records were reviewed and documented that the welders 
had met the qualification testing requirements for manual and machine welding of the 
canister lid.  Weld qualification test coupons satisfactorily passed the required tests.  

 
2 Operations of an ISFSI (60855) 

 
2.1 Inspection Scope 

 
The inspection included 24-hour coverage of the loading operations for the critical tasks 
associated with the licensee’s first UMAX loading.  Inspectors from NRC Region IV 
observed operations which included fuel loading, heavy lifts associated with the fuel 
building crane, welding and nondestructive testing of the canister lid-to-shell weld, 
hydrostatic pressure testing, forced helium dehydration, helium backfill, vent/drain port 
welding and nondestructive testing, helium leak testing, radiological surveys, and 
transport of the loaded HI-TRAC VW to the UMAX ISFSI pad.  The inspectors reviewed 
selected procedures and records to verify ISFSI operations were in compliance with the 
Holtec CoC 72-1040 license technical specifications and Holtec FSARs.  

 
2.2 Observations and Findings 
 

a. Loading Operations 
 
On January 22-31, 2018, NRC inspectors were onsite to observe the first canister 
loading operations.  Inspectors observed all fuel assemblies loaded into the canister.  
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The fuel assemblies were inspected for damage prior to placement in the canister by use 
of an underwater camera.  No damage was observed on any of the fuel assemblies 
loaded and the assemblies were free of foreign material.  The canister’s contents were 
reviewed to verify that the licensee was loading fuel in accordance with the technical 
specifications for approved contents.  Documents reviewed included MPC loading maps 
and fuel assembly specific information such as identification, decay heat, cooling time, 
average U-235 enrichment, burn-up values, and other information.  All fuel documents 
reviewed documented that SONGS had met the requirements listed in Appendix B of the 
CoC.  
 
Observations of heavy lifts included placement of the MPC lid, removal of the 
HI TRAC VW with a loaded MPC from the spent fuel pool, placement of the 
HI-TRAC/MPC onto the HI-PORT, and lifting of the HI-TRAC/MPC from the HI-PORT 
to the VCT.  The smooth operation of the 125-ton single failure proof crane and VCT 
was due, in part, to the licensee’s extensive preventative maintenance effort on the lifting 
equipment.  Numerous crane components had been replaced or upgraded to ensure 
successful completion of the upcoming continuous loading campaign.  All lifting 
operations observed were performed in accordance with the site’s heavy loads program.     
 
Welding of the canister lid-to-shell weld began on January 24, 2018.  The licensee 
utilized a calibrated in-line hydrogen monitor throughout the welding operations to 
ensure hydrogen levels were well below the lower explosive limit.  Following the lid-to-
shell welding, the required NDE (visual and dye penetrant testing) was performed to 
meet license requirements.  No indications were identified during the NDE tests.  
Welding on the vent and drain port cover plates was completed after hydrostatic 
pressure testing, blowdown, FHD drying, and helium backfilling.  The welds on the vent 
and drain port cover plates successfully passed all NDE examinations.  After the 
vent/drain ports were helium leak tested, the closure ring was placed on the canister and 
properly welded. 
 
The NRC inspectors observed the licensee successfully perform the hydrostatic 
pressure testing, blowdown, FHD drying, and helium backfill operations.  The MPC was 
hydrostatically tested to the required pressure range, held for the required timeframe, 
and subsequently passed a second NDE exam.  All water was then removed from the 
canister using the FHD and then successfully dried.  The licensee met the time-to-boil 
time limit and had removed the water from the canister without having to initiate alternate 
cooling operations.  The helium gas temperature exiting the freezer section of the dryer 
was below the required temperature and held for over 30 minutes in accordance with 
Technical Specification Appendix A Table 3-1, verifying the canister was adequately 
dried.  The canister was then backfilled with helium of a purity greater than 99.995 
percent, to the pressure range required in Technical Specification Appendix A Table 3-2.       
 
Radiological coverage was provided throughout the loading campaign in accordance 
with the licensee’s procedures.  The radiation protection (RP) staff implemented 
adequate ALARA controls to minimize the overall collective dose during cask loading.  
The RP staff provided a sufficient amount of RP technician coverage during work 
activities, conducted detailed and comprehensive pre-job briefings on radiological 
conditions, effectively used portable radiation shielding, and effectively directed 
personnel to remain in low dosage areas when not actively working on the canister.  
The NRC inspectors observed the RP perform the required Technical Specification 
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Appendix A Section 5.3 surveys and verified the results were below the radiation and 
contamination limits specified.   
 
During transportation operations to the ISFSI pad, NRC inspectors observed the 
licensee perform the required fire hazard walk-down of the haul path to ensure 
procedural requirements were met prior to transportation operations.  The HI-PORT and 
VCT successfully transported the canister to the UMAX ISFSI without any malfunctions.   
 

b. Design Control 
 
During the first canister loading inspection on Monday January 22, 2018, the NRC 
inspector observed that the HI-TRAC VW transfer cask’s seismic restraint system had 
been modified from its original design in order to be installed the Unit 2 spent fuel 
building.  A 16 inch by 2 inch section of the back support plate for the seismic restraint 
system had been removed to allow the base plate to be installed around the existing 
sling restraints associated with the overall seismic restraint system.  Additionally, the lift 
yoke extension had been non-structurally modified to be stored in the Unit 2 Spent Fuel 
Building.  These design changes had been performed after the last NRC dry run 
inspection.  The NRC inspector requested from SONGS the design change packages 
and applicable 10 CFR 50.59/72.48 reviews that were performed to ensure the newly 
modified ITS equipment would still be able to perform their safety function in accordance 
with the system’s original design basis.   
 
The licensee determined that the modification to both ITS components were processed 
through Holtec’s field condition report (FCR) process under FCR-2464-LOA-065 for the 
seismic restraint base plate modification and under FCR-2464-LOA-041 for the lift yoke 
extension.  The FCR-2464-LOA-065 for the seismic restraint base plate stated the 
system would continue to perform as designed, but the document did not contain 
sufficient technical analysis to justify the modification.  The lift yoke extension 
FCR-2464-LOA-041 did contain the sufficient technical analysis to support that ITS 
equipment would continue to adequately meet its designed safety function which was 
documented in Holtec response to request for technical information (RRTI) #2464-034.  
However, the licensee discovered that neither change had been fully processed in 
accordance with SONGS engineering design control process or fully accepted under the 
Licensee’s 10 CFR 50.59/72.48 review process. 
 
These NRC identified issues led to SONGS placing the conditions into their corrective 
action program (CAP) as action request (AR) 0118-14935.  An apparent cause 
evaluation (ACE) was conducted which reviewed the extent of condition related to 
vendor changes made to ITS components.  The ACE was completed on April 26, 2018.  
The ACE review documented SONGS’s engineering review of 391 Holtec documents, 
which included 255 construction FCRs, 36 RRTIs, 10 supplier manufacturing deviation 
reports (SMDRs), and 90 loading FCRs.  From that review, the NRC discovered four 
additional examples where ITS components were modified under Holtec’s FCR process 
without fully following SONGS engineering design change process or SONGS’s 
10 CFR 50.59/72.48 review process.  These items included accept-as-is deviations to 
one ITS divider shell, two deviations related to the ITS self-hardening subgrade of the 
ISFSI pad, and one deviation related to the ITS ISFSI top pad surface. 
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As necessary, the licensee’s vendor completed additional calculations for all the 
components which did not contain rigorous analysis in the original FCR.  All the revised 
calculations and justifications were reviewed by the NRC inspector and were found to 
contain sufficient engineering analysis to demonstrate the modified ITS components 
would still be capable of performing their design basis safety functions.  Additionally, the 
design changes were subsequently accepted for implementation by SONGS in 
accordance with their 10 CFR 50.59/72.48 program. 
 
Section 10 CFR 72.146 (c), “Design Control,” states, in part, that the licensee shall 
subject design changes including field changes, to design control measures 
commensurate with those applied to the original design.   
 
The licensee’s Procedure SO123-XXIV-10.1 titled “Engineering Design Control Process 
– NECP” Attachment 8, Step 5.5.2, stated, “Design changes to the Dry Cask Storage 
system are required to be supported by calculations prepared in accordance with this 
procedure and the 72.48 program.” 
 
Contrary to the above, SONGS failed to ensure that design changes or field changes to 
ITS components were subjected to design control measures commensurate with those 
applied to the original design.  Specifically, a number of field changes to ITS 
components were not processed in accordance with SONGS engineering design change 
process with rigorous engineering analysis that demonstrated the changes were 
acceptable and those changes were not properly accepted for implementation through 
the Licensee’s 10 CFR 50.59/72.48 program.   
 
Consistent with guidance in Section 2.2 of the NRC Enforcement Policy, this violation 
was dispositioned through the traditional enforcement process.  The inspectors used the 
NRC Enforcement Policy to evaluate the significance of the violation.  This violation was 
determined to have a low safety significance since all the deviations or modification from 
the original design were found to be acceptable and did not affect the specific 
components’ safety design function or bases.  This violation was found to be more than 
minor since if left uncorrected, it could have the potential to lead to a more significant 
safety concern.  Specifically, failure to adequately control changes and modifications to 
ITS components could lead to a condition where the appropriate calculation and review 
was not performed to ensure the component would continue to meet its safety function in 
accordance with their design basis.   
 
Because the licensee entered the issue into its CAP (AR 0118-14935), the safety 
significance of the issue was low, the licensee restored compliance, and the issue was 
not found to be repetitive or willful, this Severity Level IV violation was treated as a 
Noncited Violation (NCV), consistent with Section 2.3.2.a of the NRC Enforcement 
Policy (07200041/2017001-001). 

 
2.3 Conclusions 

 
The first loading inspection conducted in January 2018 included 24 hour coverage of the 
loading operations for the critical tasks associated with the licensee’s UMAX loading.  
Inspectors from NRC Region IV observed operations which included fuel loading, heavy 
lifts associated with the fuel building crane, welding and nondestructive testing of the 
canister lid-to-shell weld, hydrostatic pressure testing, FHD drying, helium backfill, 
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vent/drain port cover welding and nondestructive testing, helium leak testing, radiological 
surveying, and transport of the loaded transfer cask to the UMAX ISFSI pad.   

 
During the first loading operations, the NRC inspectors identified one violation of 
10 CFR 72.146 (c), “Design Control” requirements.  The licensee had made 
modifications to ITS components through the vendor’s (Holtec) corrective action program 
and did not follow SONGS engineering design change process.  The licensee failed to 
ensure that design changes or field changes to ITS components were subjected to 
design control measures commensurate with those applied to the original design.  The 
original documentation for the changes was identified to not contain a rigorous 
engineering analysis that demonstrated the changes were subsequently found to be 
acceptable and those changes were not properly accepted for implementation through 
the Licensee’s 10 CFR 50.59/72.48 program.  This violation was determined to have a 
low safety significance since all the deviations or modifications from the original design 
were found to be acceptable and the changes did not affect the specific components’ 
safety design function or bases.  Because the licensee entered the issue into their 
corrective action program, the safety significance of the issue was low, the licensee 
restored compliance, and the issue was not found to be repetitive or willful, this Severity 
Level IV violation was treated as a NCV, consistent with the NRC Enforcement Policy. 

 
3 Review of 10 CFR 72.212(b) Evaluations (60856) 

 
3.1 Inspection Scope 

 
The programs review inspection conducted on October 9-13, 2017, performed an in 
depth review of the programs, evaluations, and procedures established to demonstrate 
that the licensee had met the requirements listed in 10 CFR 72.212 before operation of 
the UMAX ISFSI.   
 

3.2 Observations and Findings 
 

a. Emergency Planning 
 
The NRC inspectors reviewed the licensee’s Permanently Defueled Emergency Plan 
(PDEP) to verify and assess the following: (1) the licensee’s emergency action levels 
(EAL) for accidents that affect the ISFSI; (2) the licensee’s offsite emergency support; 
and (3) the licensee’s training of employees and conducting periodic drills.   
 
The licensee conducted an evaluation in accordance with 10 CFR 50.54(q) to 
incorporate the operation of the SONGS UMAX ISFSI into the existing SONGS PDEP.  
The licensee added definitions and EAL E-HU1.2, “Damage to a loaded canister 
CONFINEMENT BOUNDARY,” to cover the Holtec spent fuel transport and storage 
system.  The additional EAL threshold for the Holtec system is two times the HI-STORM 
UMAX technical specifications allowable radiation level on the surface of the VVM or the 
Holtec transfer cask.  The revised PDEP and emergency plan implementing procedures 
described arrangements with offsite emergency organizations including provisions on 
how the licensee would conduct periodic drills and training of employees. 
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b. Fire Protection 
 
The licensee provided an analysis that demonstrated that the site-specific potential for 
fire and explosions was bounded by the conditions analyzed by the Holtec in accordance 
with license requirement CoC 72-1040 Appendix B Section 3.4.5.  The fire and explosion 
hazards were analyzed along the haul path and at the UMAX ISFSI in Holtec Report 
HI-2156567 “Evaluation of Plant Hazards at SONGS,” Revision 2.  The explosion 
hazards analyzed systems and structures which included gasoline tanks, acetylene 
tanks, lube oil hazards, transformer oil hazards, buildings, and off-site explosions.  The 
assumptions used for the explosion hazards in the report appeared reasonable.  No 
credible explosion hazard was identified at SONGS that exceeded the allowable stress 
levels identified in the UMAX FSAR which included the overpressure needed to tip over 
the HI-TRAC VW during transport operations or the structural limits of the closure lids for 
the UMAX ISFSI.  The overpressures for acetylene and gasoline hazards did not exceed 
the acceptable limits for the UMAX ISFSI or the HI-TRAC VW as long as the specified 
stand-off distances were met that were incorporated into licensee transportation 
Procedure HPP-2464-400 “MPC Transfer at SONGS,” Revision 1.   
 
The fire hazards which might affect the cask were identified and reviewed by the 
licensee.  If a fire potential was credible, an evaluation was performed for each 
postulated hazard to determine if the hazard could exceed the allowable heat input to 
the cask.  Site specific fire hazards included the trailer-mounted fire pump, fixed diesel 
fire pump, cold and dark standby diesel generator, miscellaneous acetylene tanks, a fuel 
buggy, and miscellaneous diesel tanks.  The assumptions used for the fire hazards in 
the report appeared reasonable.  No credible fire hazard was found to exceed the 
acceptable heat input to either the HI-TRAC VW or UMAX ISFSI as long as 
administrative actions included in the licensee Procedure HPP-2464-400 were followed.   
 
During the review of the 10 CFR 72.212 report, the NRC inspectors reviewed the 
licensee’s analyzed worst case fire during transportation operations to determine 
whether it was bounded by the analyzed fire in the UMAX FSAR of 50 gallons of diesel 
fuel from the cask transporter.  This evaluation was documented in Holtec report 
HI-2167264 “Thermal Evaluation of HI-TRAC VW Fire,” Revision 3.  The HI-PORT was 
used to transport the HI-TRAC VW from the fuel handling building to the base area of 
the UMAX ISFSI.  The most limiting scenario was identified to be when the HI-PORT 
and VCT were next to each other to allow the VCT to engage the HI-TRAC VW to 
continue transportation to the top of the UMAX ISFSI.  Two telescoping man-lifts were 
also utilized during this transfer event.  The combined fire hazard included both fuel 
tanks of the HI-PORT and VCT, hydraulic fluid from all four pieces of equipment, and the 
tire rubber associated with the HI-PORT.  This fire loading exceeded the 50 gallons of 
diesel fuel described in the UMAX FSAR.  The evaluation determined that the fuel 
temperature, MPC components, and MPC cavity pressure remained well below the limits 
established in the UMAX FSAR and the credible fire event did not exceed any FSAR fire 
accident acceptance criteria.  The implementation of this change and associated 
evaluation was document in a SONGS 10 CFR 72.48 evaluation.  Since all the predicted 
temperatures from the thermal analysis were below the specified temperature limits of 
short-term events reported in Section 4.5 of the UMAX FSAR, the safety conclusions 
remained unchanged.  The 10 CFR 72.48 evaluation concluded the change did not 
require NRC approval.  The inspectors determined that the 10 CFR 72.48 evaluation 
was performed adequately.     
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During the programs review inspection, NRC inspectors reviewed the licensee’s 
Pre-Transport Haul Route Walkdown Checklist (Attachment 8.9) in Procedure 
HPP-2253-400 to ensure adequate controls were in place to limit combustibles along 
the haul path and that all fire and explosion hazards had been adequately identified in 
the reports.  No issues were identified by the inspectors relating to the controls 
implemented to ensure the requirements of the licensee’s fire and explosion hazards 
analyses were met.   
 

c. General License Requirements for 10 CFR 72.212 
 
The SONGS 10 CFR 72.212 Report evaluated the terms, conditions, and specifications 
in Amendment 2 for the HI-STORM UMAX CoC 72-1040 and documented the conditions 
as set forth had been met at the SONGS site.  Each section of the 10 CFR 72.212 report 
documented the licensee’s compliance with a requirements specified in 
10 CFR 72.212(a) through (e).  The sections covered topics which included conditions of 
the license, technical specifications, pad design adequacy, direct radiation, reactor site 
parameters, written evaluations, physical security, document retention, records, 
procedures, and program effectiveness.   
 
The NRC inspectors performed a comprehensive review of the Licensee’s 
10 CFR 72.212 report during the programs review inspection conducted on 
October 9-13, 2017, and continued the inspection throughout the inspection period with 
in-office review of the licensee’s documentation.     
 
Section 11.0 “Reactor Site Parameters,” documented the required written evaluations to 
verify requirements specified in the Holtec UMAX and FW FSAR and the associated 
NRC safety evaluation reports were met.  The NRC inspectors reviewed these 
evaluations which related to specific analyses for fires and explosions, tornados, floods, 
tsunamis and hurricanes, earthquakes, lightning, burial of the ISFSI under debris, 
environmental temperatures, snow, and collapse of nearby facilities.    
 
The licensee performed a review of the reactor emergency plan, quality assurance 
program, training program, and radiation protection program and documented the review 
in Section 15.0, “Program Effectiveness,” of the report.  Since the TN storage system 
was already in use, the licensee performed the necessary changes to the programs to 
incorporate the use of the Holtec UMAX storage system.  No issues were identified 
relating to the NRC’s review of the topics discussed above.   
 

d. Quality Assurance  
 
SONGS had a preexisting Generally Licensed 10 CFR Part 72, Subpart G Quality 
Assurance (QA) program in place for its TN CoC 72-1029 ISFSI.  To address 
transitioning the site from power operations to decommissioning, SONGS developed a 
decommissioning quality assurance program (DQAP) to support decommissioning 
activities and to ensure continued oversight of the SONGS ISFSI.  The DQAP was 
SONGS’ NRC approved QA program that will be the basis for satisfying the QA 
requirements of the newly established Holtec HI-STORM UMAX ISFSI and the current 
TN ISFSI.  The NRC inspectors reviewed selected QA activities related to calibrations, 
receipt inspections, surveillances, and audits.   
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The Holtec HI-STORM UMAX and HI-STORM FW FSARs identified structures, systems, 
and components that were ITS and categorized each item into one of three levels (A, B, 
or C) based on safety significance.  The NRC inspectors verified through a review of the 
SONGS Quality Component List, Rev. 11 that the licensee had incorporated the Holtec 
HI-STORM UMAX and HI-STORM FW safety designations into their classification 
scheme along with those of the TN Advanced NUHOMS® System. 
 
The licensee also had a preexisting NRC approved CAP that included the TN Advanced 
NUHOMS® ISFSI.  Holtec, their newest dry fuel storage vendor, also had an NRC-
approved CAP.  Holtec was handling all fuel loading and radiation protection duties for 
the pool-to-pad dry fuel storage project for the UMAX ISFSI.  After the identification by 
the NRC of items discussed in Section 2.2.b, Design Control, the licensee made a 
number of additional changes to ensure that proper evaluation of Holtec condition 
reports would be performed by SONGS personnel.  
 

e. Radiation Protection 
 
In accordance with 10 CFR 72.104, the licensee provided technical evaluations that 
demonstrated that the radiation dose from the TN and the UMAX ISFSIs would not 
exceed 25 mrem per year to the whole body or critical organ or 75 mrem per year to the 
thyroid of any individual located beyond the owner controlled area.  The analyses 
reviewed by the NRC inspectors also included evaluations that demonstrated no 
individual would receive a dose greater than the limits specified in 10 CFR 72.106 during 
any design basis accident at the SONGS site.  The UMAX ISFSI was assumed to be 
fully loaded with fuel characteristics that conservatively exceeded the fuel currently 
stored in the licensee’s spent fuel pools.  During loading operations personnel from the 
SONGS security force established control of public access in areas near the site 
seawall.  The NRC inspectors reviewed site controlled area boundary dose projections in 
Holtec Report Nos.:  HI-2177793, “On-Site and Off-Site Dose Calculations for the 
SONGS ISFSI,” Revision 1, and HI-2156895, “Dose Versus Distance Calculations for 
the SONGS ISFSI for Compliance with 10 CFR 72,” Revision 1.  The UMAX accident 
scenarios were discussed in the Holtec HI-STORM UMAX FSAR. 

 
The UMAX FSAR requires that the radiation protection concept of As Low as 
Reasonably Achievable (ALARA) be applied to all operations related to dry fuel storage 
at the SONGS ISFSI.  The NRC inspectors verified that SONGS had ALARA policies in 
place in its radiation protection program through a review of site radiation protection 
policies and dry fuel loading procedures, including the SONGS Units 2 and 3 Spent Fuel 
Pool to Pad Project ALARA Plan, Revision 1.   
 
The UMAX FSAR Section 10.3 requires that the shielding effectiveness of the UMAX 
VVM be assessed after the first MPC canister is placed into the ISFSI.  The NRC 
inspector observed SONGS RP technicians make confirmatory neutron and gamma 
radiation measurements on the lid of the loaded VVM.  The radiation levels present on 
the VVM lid were consistent with the licensee’s site specific Technical Specification 5.3.3 
requirements.   
 
The licensee’s RP group addressed the external gamma and neutron monitoring of 
personnel onsite by using electronic dosimeters.  The electronic dosimeters used 
conservative neutron correction factors.  This ensured that the real-time monitoring 
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would provide an over-estimate of actual neutron doses so that these exposures would 
be managed conservatively.  Personnel dose of legal record was measured using 
thermo-luminescent dosimeters which contained elements sensitive to the presence of 
neutrons.   
 
The CoC 72-1040 Appendix A Technical Specification 5.3, “Radiation Protection 
Programs,” included numerous radiation measurement requirements, including the 
survey locations, and radiation limits.  The licensee had incorporated all of the 
requirements of Section 5.3 in its site procedures and forms.  In addition to radiation 
limits, the technical specification included removable contamination limits on the transfer 
cask and accessible portions of the MPC.  The NRC inspectors verified that SONGS had 
incorporated those requirements into Procedure HPP-2464-031, “Pool to Pad Certificate 
of Compliance Radiological Surveys at SONGS,” Revision 0.   
 

f. Records 
 
The inspectors reviewed the licensee procedure SO123-VI-29, “Records Management,” 
to verify that provisions were in place to maintain records for each cask. 
 
The licensee maintained cask records in accordance with its quality “Procedure 
SO123-VI-29,” “Records Management,” such that the cask package contained the 
required information to meet 10 CFR Part 72 requirements for record retention.  The 
inspectors also verified that the licensee incorporated the requirement to register with 
the NRC no later than 30 days after using the cask to store fuel in Section 7.8.14 of 
HPP-2464-400, “MPC Transfer.” 

 
3.3 Conclusions 

 
Emergency planning provisions for the UMAX ISFSI had been incorporated into the 
site’s emergency plan.  This included adding a specific EAL for an event damaging 
loaded UMAX casks.   

 
A fire and explosion hazards analysis had been performed specific to the SONGS UMAX 
ISFSI.  Administrative controls were established to limit the quantity of combustible and 
flammable liquids around the ISFSI and near the transport path during movement of the 
canister.  The licensee provided calculations demonstrating that the worst case 
postulated fire event during transportation would not result in a significant increase in the 
temperature of the spent fuel inside a loaded canister.   

 
The licensee evaluated the bounding environmental conditions specified in the Holtec 
FSAR and CoC 72-1040 technical specifications against actual site conditions.  These 
included: tornados/high winds, flood, seismic events, tsunamis, hurricanes, lightning, 
burial of the ISFSI under debris, normal and abnormal temperatures, collapse of nearby 
facilities, and fires/explosions.  The site environmental conditions at SONGS were 
bounded by the Holtec storage system’s design parameters.   
 
The licensee had implemented their approved reactor facility 10 CFR Part 50 DQAP and 
CAP for the activities associated with the UMAX ISFSI.  Selected QA activities were 
reviewed related to calibrations, audits, surveillances, and receipt inspections.   
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The licensee had incorporated keeping radiation exposures ALARA into planning for the 
cask loading program.  Requirements for radiation surveys described in the FSAR and 
technical specifications had been incorporated into the licensee’s procedures for cask 
loading operations.  Projected radiation levels at the ISFSI were calculated for an 
assumed individual located at the owner controlled area boundary.  The analysis 
demonstrated the dose to this individual would meet the requirements of 10 CFR 72.104.   

 
The licensee was maintaining the 10 CFR Part 72 records in their quality related 
records system.  Records required for retention by 10 CFR 72.174, 10 CFR 72.212, 
10 CFR 72.234, and the FSAR had been identified in the licensee’s program and were 
required to be maintained for the life of the ISFSI.   

 
4 Review of 10 CFR 72.48 Evaluations (60857) 

 
4.1 Inspection Scope 

 
The Licensee’s 10 CFR 72.48 screenings and evaluations performed to incorporate the 
use of the UMAX ISFSI were reviewed to determine compliance with regulatory 
requirements. 
 

4.2 Observations and Findings 
 

a. Safety Evaluations 
 

The licensee had combined the 72.48 screening and evaluation process with 
the 10 CFR 50.59 process used at the site.  Changes to the ISFSI and part 50 facility 
were processed in accordance with Procedure SO123-XV-4410 “CFR 50.59, 50.82, 
and 72.48 Program,” Revision 21.  As part of the programs review inspection, the NRC 
inspectors reviewed a number of 10 CFR 50.59/72.48 applicability determinations, 
screens, and one 10 CFR 72.48 evaluation that related to SONGS implementation of the 
UMAX Storage System.   
 
The licensee completed four larger, nuclear engineering change packages (NECP) to 
encompass the use of the new UMAX ISFSI.  A review was performed by the licensee 
for each NECP in accordance with 10 CFR 50.59 and 10 CFR 72.48 requirements.  
Construction of the UMAX ISFSI pad, approach slab, approach ramp, transfer pad, 
sump area berm, and ISFSI thermal monitoring system was performed under 
NECP 801372566.  The new ISFSI security building was implemented under 
NECP 801372567 and 801372567.  The umbrella NECP that supported implementation 
of the UMAX system operations for loading spent fuel into a MPC, use of HI-TRAC VW, 
drying and sealing, transfer of a loaded MPC, and placement at the ISFSI pad was 
implemented by NECP 801372564.  Additionally, the NECP packages were reviewed for 
potential impacts against the existing TN ISFSI in accordance with 10 CFR 72.48.  None 
of the 10 CFR 50.59/72.48 reviews identified a need for a Part 50 license amendment for 
the facility.   
 
Section F of the 10 CFR 72.212 report contained a list of changes to the canister storage 
system licensing basis beyond UMAX FSAR Revision 4.  The Holtec engineering 
change orders (ECO) and SMDRs were identified by the licensee as applicable to the 
storage system at SONGS.  Additional changes to the storage system made by the 
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vendor would be captured in this list and processed in accordance with 
SONGS 10 CFR 50.59/72.48 program.  Some of these changes were incorporated 
through the 10 CFR 50.59/72.48 under the previously reviewed NECPs conducted by 
the licensee.  Other changes that occurred after the issuance of the NECPs were 
accepted by the licensee through standalone or combined screenings with exception of 
the FCRs previously discussed, for which corrective actions were taken.   
 
The licensee performed one 10 CFR 72.48 evaluation for the implementation of the 
Licensee’s 10 CFR 72.212 report.  The 10 CFR 72.48 evaluation identified three areas 
where implementation of the UMAX storage system at the SONGS site was identified to 
be different than the descriptions provided in the HI-STORM FW and UMAX FSARs.  
The three areas related to the combined fire hazard loading (see discussion in 
Section 3.2.a. of this report), the site’s tornado-borne missile differences, and the 
seismic lateral forces experienced during a DBE when a loaded HI-TRAC VW transfer 
cask contains a loaded canister in the spent fuel pool.   
 
The SONGS design and licensing basis postulated tornado-borne missiles differed from 
the missiles addressed in the Holtec FSARs.  The licensee’s design basis values for 
rotational wind speed, translational speed, maximum wind speeds, and pressure drop 
were all less than the values listed in the FSARs.  However, the SONGS missiles 
imparted slightly higher kinetic energy to the various targets for moderate and small 
missile scope than demonstrated in the FSARs.  Since the generic tornado-borne 
missiles as defined by Holtec do not necessarily bound the site-specific missile 
parameters for several sites (including SONGS), Holtec prepared a generic report which 
evaluated the effect of a broader range of postulated site-specific tornado missiles based 
on the parameters from multiple sites.  The generic Holtec Report HI-2135869, “Site-
Specific Tornado Missile Analysis for the HI-STORM FW System”, Revision 6, re-
evaluated the structural impact of the tornado driven missiles on the HI-TRAC and the 
potential for tip-over and penetration.  The applicable tornado-borne missiles evaluated 
in the generic report bounded all of the SONGS design basis tornado-borne missiles and 
were summarized in Appendix D of HI-2156567, “Evaluation of Plant Hazards at San 
Onofre Nuclear Generating Station,” Revision 3.  The additional evaluations 
demonstrated that the hypothetical deformations of the UMAX closure lid and impacts to 
the HI-TRAC VW transfer cask did not compromise the containment boundary of the 
MPC, locally deform the lid or transfer cask such that the irretrievability of the MPC was 
threatened, or deform the equipment plastically such that the shielding effectiveness was 
affected.  The evaluation concluded the impacted components had sufficient capacity to 
withstand the slightly higher loads imparted by the SONGS missiles.   
 
During the site’s 10 CFR 72.212 review, the licensee identified that when rigging 
equipment is being exchanged, for a short period of time, the HI-TRAC VW and loaded 
MPC is in an unconstrained condition on an intermediate shelf in the spent fuel pool.  If a 
seismic event was to occur during that time frame, the HI-TRAC VW with a loaded MPC 
could hypothetically fall to the lower level of the spent fuel pool and experience a higher 
lateral force than previously analyzed by the HI-STORM FW and UMAX FSARs.   
 
The Licensee’s 10 CFR Part 50 license and Updated Final Safety Analysis Report had 
analyzed a potential cask drop from the intermediate shelf to the bottom of the pool as a 
credible accident.  In the past, the licensee had utilized the TN NUHOMS storage 
system, which contained a lateral side drop evaluation of the TN transfer cask in the TN 
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FSAR that bounded the site’s configuration.  The Holtec HI-STORM FW and UMAX 
FSARs does not contain a side drop analysis for the HI-TRAC VW transfer cask.  
However, the HI-STORM FW FSAR does contain a tip-over analysis for an MPC inside 
the HI-STORM overpack storage container. 
 
To evaluate the scenario for this hypothetical accident of the loaded HI-TRAC VW 
contacting the sides and bottom of the spent fuel pool, the licensee’s vendor (Holtec)  
prepared report HI-2177713 “HI-TRAC Drop in Cask Storage Pool at SONGS”, 
Revision 1.  In the report, the licensee demonstrated acceptability of the peak impact 
deceleration for the HI-TRAC VW scenario at SONGS by comparing those lateral 
forces to the peak impact deceleration values used to support the 10 CFR Part 71 
HI-STAR 190 transport package safety analyses which utilizes the same MPC canister.  
The licensee’s evaluation concluded that the maximum peak lateral deceleration value of 
the HI-TRAC VW in the pool at SONGS to be 74g’s, which was below the HI-STAR 190 
side drop evaluation of 85.9g’s.  Additionally, the MPC and fuel basket evaluated 
stresses were identified by the licensee to be less than the design basis criteria 
described in the limiting values from HI-STORM FW FSAR Section 2.2.8.  The licensee 
stated that the same computer software (LS-DYNA) was utilized in all three evaluations 
(SONGS site specific drop evaluation, HI-STORM FW/UMAX FSAR tip-over evaluation, 
and HI-STAR FSAR transportation cask drop evaluation).   
 
To utilize this evaluation conducted for the Part 71 HI-STAR 190 transportation license 
to bound conditions for the storage operations under the 10 CFR Part 72 UMAX license, 
additional information will need to be submitted by the licensee and evaluated by the 
NRC to determine if the methodology and implementation of the evaluation through 
the 10 CFR 72.48 process was appropriate.  This item will be tracked as an Unresolved 
Item (URI) (07200041/2018001-02) until the NRC completes its review of the additional 
information to determine if the issue of concern potentially constitutes a violation 
of 10 CFR 72.48 requirements. 
 

4.3 Conclusions 
 
Safety screenings had been performed in accordance with the licensee’s procedures 
and 10 CFR 72.48 requirements.  All screenings reviewed were determined to be 
adequately evaluated.  One 10 CFR 72.48 evaluation identified three areas (fire 
hazards, tornado missiles, and transfer cask drop scenario) where implementation of the 
UMAX storage system at the SONGS site was identified to be different than the 
descriptions provided in the HI-STORM FW and UMAX FSARs.  All three changes were 
evaluated by the licensee through the site’s 10 CFR 72.48 process to demonstrate the 
evaluations continued to meet the system’s original design basis acceptance criteria 
listed in the HI-STORM FW and UMAX FSARs.  An URI was opened to track the NRC’s 
review of the methodology utilized in the evaluation for a transfer cask drop within the 
spent fuel pool and determine if the change was acceptable to be performed through the 
Licensee’s 10 CFR 72.48 process. 

 
5 Exit Meeting 

 
The inspectors reviewed the scope and findings of the inspection during a telephonic exit 
meeting conducted with Mr. Lou Bosch, Plant Manager, and other members of your staff 
on August 8, 2018.     
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Attachment 

SUPPLEMENTAL INSPECTION INFORMATION 
PARTIAL LIST OF PERSONS CONTACTED 

 
Personnel  
 
A. Bates, Regulatory and Oversight Manager 
L. Bosch, Plant Manager 
G. Carter, Westinghouse Project Manager 
R. Granaas, Reactor Engineering 
L. Johnston, Holtec Cask Loading Supervisor 
J. Manso, ISFSI Sr. Project Manager 
R. McDonald, SCE QC/NDE Oversight 
M. Morgan, Regulatory and Oversight 
R. Munger, ISFSI Project Manager 
J. Smith, Holtec Site Manager 
S. Soler, Holtec Site Manager 
R. Wagley, Holtec Cask Loading Supervisor 
 
 

INSPECTION PROCEDURES USED 
 
IP 60854 Preoperational Testing of an ISFSI 
IP 60855 Operations of an ISFSI 
IP 60856 Review of 10 CFR 72.212(b) Evaluations 
IP 60857 Review of 10 CFR 72.48 Evaluations 
 
 

LIST OF ITEMS OPENED, CLOSED, AND DISCUSSED 
 
Opened 
07200041/2017001-01 NCV Failure to Control Field Design Changes to ITS Components 
07200041/2017001-02 URI  10 CFR 72.48 Methodology 
 
Discussed 
None 
 
Closed 
07200041/2017001-01 NCV  Failure to Control Field Design Changes to ITS Components 
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LIST OF ACRONYMS 
 

ACE   Apparent Cause Evaluation 
ADAMS  Agencywide Documents Access and Management System 
AHSM   Advanced Horizontal Storage Module 
AISC   American Institute of Steel Construction 
ALARA  As Low as Reasonably Achievable 
ANSI   American National Standards Institute 
AR   Action Request 
ASME   American Society of Mechanical Engineers 
AWS   American Welding Society 
BPVC   Boiler and Pressure Vessel Code 
CAP   Corrective Action Program 
AR   Action Request 
CEC   Cavity Enclosure Container 
CFR   Code of Federal Regulations 
CMAA   Crane Manufacturers Association of America, Inc. 
CoC   Certificate of Compliance 
DBE   Design Basis Earthquake 
DNMS   Division of Nuclear Material Safety 
DSC   Dry Shielded Canister 
DSFM   Division of Spent Fuel Management 
DQAP   Decommissioning Quality Assurance Program 
EAL   Emergency Action Level 
EATL   Energy Absorbing Torque Limiter 
ECO   Engineering Change Order 
FCDB   Fuel Cycle and Decommissioning Branch 
FCR   Field Condition Report 
FHD   Forced Helium Dehydration 
FSAR   Final Safety Analysis Report 
FW   Flood and Wind 
GTCC   Greater than Class C 
HI-PORT  low profile transporter 
HI-STORM  Holtec International Storage Module 
HI-TRAC VW  transfer cask   
IP   Inspection Procedure 
ISFSI   Independent Spent Fuel Storage Installation 
ITS   Important to Safety 
LTS   Leak Test Services  
MD   Mating Device 
MDA   Mating Device Adapter 
MLLW   Mean Lower Low Water 
MPC   multi-purpose canister 
mrem   milliRoentgen equivalent man 
NCV   Noncited Violation 
NECP   Nuclear Engineering Change Package 
NDE   Nondestructive Examination 
NRC   U.S. Nuclear Regulatory Commission 
NUHOMS  Nuclear Horizontal Modular Storage 
OBE   Operational Basis Earthquake 
PCI   PCI Energy Services 
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PDEP   Permanently Defueled Emergency Plan 
QA   Quality Assurance 
RP   Radiation Protection 
RRTI   Holtec Response to Request for Technical Information 
SCE   Southern California Edison 
SFP   spent fuel pool 
SMDR   Supplier Manufacturing Deviation Report 
SONGS  San Onofre Nuclear Generating Station 
SSI   Soil Structure Interaction 
TN   Transnuclear, Inc. 
TS   Technical Specification 
UMAX   Underground Maximum Capacity 
URI   Unresolved Item 
VCT   Vertical Cask Transporter 
VVM   Vertical Ventilated Module 
X-SAM   Extra Safety and Monitoring 
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IR 05000206/2017-003, 05000361/2017-003, 05000362/2017-003, AND 07200041/2017-001; 
SONGS ISFSI – DATED AUGUST 24, 2018 
 
 
DISTRIBUTION: 
K. Kennedy, ORA 
S. Morris, ORA  
T. Pruett, DNMS 
L. Howell, DNMS 
J. Katanic, FCDB   
L. Brookhart, FCDB    
E. Simpson, FCDB    
W. Allen, SFST  
V. Dricks, ORA  
A. Moreno, CAO 
J. Weil, CAO   
C. Cook, OEDO    
P. Silva, NMSS 
W. Maier, ORA 
S. Burnell, OPA 
R4_FCDB 
 
 
cc:    
Mr. Al Bates, Regulatory Affairs Manager 
 Southern California Edison Company 
San Onofre Nuclear Generating Station 
P.O. Box 128 
San Clemente, CA  92674-0128 
 

Mr. Gonzalo Perez, Branch Chief 
 Radiologic Health Branch 
Division of Food, Drug, & Radiation Safety 
CA Dept. of Health Services 
P.O. Box 997414, MS 7610 
Sacramento, CA  95899-7414 
 

Mr. Lou Bosch, Plant Manager 
 Southern California Edison Company 
San Onofre Nuclear Generating Station 
P.O. Box 128 
San Clemente, CA  92674-0128 
 

Dr. Robert B. Weisenmiller, Chair 
 California Energy Commission 
1516 Ninth Street (MS 34) 
Sacramento, CA  95814 
 

Mr. W. Matthews III, Esquire 
 Southern California Edison Company 
Law Department 
2244 Walnut Grove Avenue 
Rosemead, CA  91770 

Mr. Mark Morgan, Regulatory Affairs 
Southern California Edison Company 
San Onofre Nuclear Generating Station 
P.O. Box 128 
San Clemente, CA  92674-0128 

 
 
ADAMS ACCESSION NUMBER:  ML18200A400 
 SUNSI Review 
By:  LEB 

ADAMS 
 Yes    No 

 Publicly Available 
 Non-Publicly Available 

 Non-Sensitive 
 Sensitive 

OFFICE RIV/DNMS/FCDB RIV/DNMS/FCDB NMSS/DFSM/IOB NMSS/DFSM/IOB RIV/DNMS/FCDB/BC 
NAME LBrookhart ESimpson MDavis ELove JKatanic 
SIGN /RA/ /RA/ via email via email /RA/ 
DATE 8/23/18 8/23/18 7/25/18 7/25/18 8/24/18 

OFFICIAL RECORD COPY 
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October 30, 2015 
 
 
Mr. Fadi Diya, Senior Vice President  
  and Chief Nuclear Officer 
Union Electric Company 
P.O. Box 620 
Fulton, MO  65251 
 
SUBJECT: CALLAWAY PLANT - INSPECTION OF THE INDEPENDENT SPENT FUEL 

STORAGE INSTALLATION (ISFSI) - INSPECTION REPORT 05000483/2015008 
AND 07201045/2015001 

 
Dear Mr. Diya: 
 
A team inspection was conducted of your Independent Spent Fuel Storage Installation (ISFSI) 
between May 19, 2015 and September 1, 2015.  The purpose of the inspections were to 
observe your dry fuel storage preoperational testing activities, to independently assess your 
readiness to load spent fuel into the ISFSI, and to inspect your initial fuel loading operations.  
The inspections consisted of six separate inspection trips involving multiple inspectors to 
observe your dry fuel storage preoperational testing and loading activities.  The initial loading of 
the spent fuel into the first dry fuel storage cask occurred between August 24 - September 1, 
2015.  The results of the inspections were discussed in an exit with Mr. Mark McLachlan,  
Senior Director of Engineering and other members of your staff on September 17, 2015. 
 
During the inspections, the NRC staff examined activities conducted under your license as they 
relate to public health and safety to confirm compliance with the Commission’s rules and 
regulations, and the conditions of your license.  Within these areas, the inspection consisted of 
selected examination of procedures, representative records, observations of activities, and 
interviews with personnel.  The enclosed report presents the results of these inspections.  The 
inspection determined that you had completed all required activities identified in the Holtec 
Certificate of Compliance #1040 for use of the Holtec HI-STORM UMAX storage system at your 
site.  No violations of significance were identified and no response to this letter is required.  
 
In accordance with 10 CFR 2.390 of the NRC's "Rules of Practice," a copy of this letter, its 
enclosure, and your response if you choose to provide one, will be made available electronically 
for public inspection in the NRC Public Document Room or from the NRC's document system 
(ADAMS), accessible from the NRC Web site at http://www.nrc.gov/reading-rm/adams.html.   
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F. Diya - 2 - 
 

To the extent possible, your response should not include any personal, privacy or proprietary 
information so that it can be made available to the public without redaction. 
 
Should you have any questions concerning this inspection, please contact the undersigned at 
(817) 200-1191 or Mr. Lee Brookhart at (817) 200-1549. 
 
 

Sincerely, 
 
 
      /RA/ 
 
 

Ray L. Kellar, P.E., Chief 
Repository & Spent Fuel Safety Branch  
Division of Nuclear Materials Safety 

 
Dockets:  50-483; 72-104550 
License:   NPF-30 
 
Enclosure:   
Inspection Report 0500483/2015008,  
07201045/2015001 
  w/Attachment: Supplemental Information,  
      Inspector Notes 
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F. Diya - 2 - 

To the extent possible, your response should not include any personal, privacy or proprietary 
information so that it can be made available to the public without redaction. 

Should you have any questions concerning this inspection, please contact the undersigned at 
(817) 200-1191 or Mr. Lee Brookhart at (817) 200-1549. 

Sincerely, 

/RA/ 

Ray L. Kellar, P.E., Chief 
Repository & Spent Fuel Safety Branch 
Division of Nuclear Materials Safety 

Dockets:  50-483; 72-1045 
License:  NPF-30 

Enclosure:   
Inspection Report 0500483/2015008, 
07201045/2015001 
  w/Attachment: Supplemental Information, 

  Inspector Notes 

ADAMS ACCESSION NUMBER: 
 SUNSI Review 
By:  L.Brookhart 

ADAMS 
 Yes    No 

 Publicly Available 
 Non-Publicly Available 

 Non-Sensitive 
 Sensitive 

OFFICE RIV/DNMS/RSFS RIV/DNMS/RSFS RIV/DNMS/RSFS NMSS/DSFM/RMB NMSS/DSFM/IOB 
NAME LBrookhart ESimpson GSchlapper CMorell JTapp 
SIGN /RA/ /RA/E-Brookhart /RA/E-Brookhart /RA/E-Brookhart /RA/E-Brookhart 
DATE 10/29/15 10/29/15 10/29/15 10/29/15 10/29/15 
OFFICE NMSS/DSFM/IOB RIV/DNMS/RSFS 
NAME JWoodfield RKellar 
SIGN /RA/E-Brookhart /RA/ 
DATE 10/29/15 10/30/15 

OFFICIAL RECORD COPY  
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Letter to F. Diya from R. Kellar dated October 30, 2015 
 
SUBJECT:   CALLAWAY PLANT - INSPECTION OF THE INDEPENDENT SPENT FUEL 

STORAGE INSTALLATION (ISFSI) - INSPECTION REPORT 05000483/2015008 
AND 07201045/2015001 

 
DISTRIBUTION: 
Regional Administrator (Marc.Dapas@nrc.gov) 
Deputy Regional Administrator (Kriss.Kennedy@nrc.gov) 
DNMS Director (Mark.Shaffer@nrc.gov) 
DNMS Deputy Director (Linda.Howell@nrc.gov) 
DRP Director (Troy.Pruett@nrc.gov)  
DRP Deputy Director (Ryan.Lantz@nrc.gov) 
Senior Resident Inspector (Thomas.Hartman@nrc.gov)  
Resident Inspector (Michael.Langelier@nrc.gov) 
CWY Administrative Assistant (Dawn.Yancey@nrc.gov) 
Branch Chief, DRP/B (Nick.Taylor@nrc.gov) 
Senior Project Engineer, DRP/B (David.Proulx@nrc.gov) 
Project Engineer, DRP/B (Steven.Janicki@nrc.gov) 
Project Engineer, DRP/B (Jan.Tice@nrc.gov) 
DNMS Technical Assistant (Vivian.Campbell@nrc.gov) 
RSFS Branch Chief (Ray.Kellar@nrc.gov) 
RSFS Senior Inspector (Lee.Brookhart@nrc.gov) 
RSFS Inspector (Eric.Simpson@nrc.gov) 
RSFS Inspector (Gerald.Schlapper@nrc.gov) 
NMSS Inspector (Clyde.Morell@nrc.gov) 
NMSS Inspector (Jeremy.Tapp@nrc.gov) 
NMSS Inspector (Jon.Woodfield@nrc.gov) 
Project Manager, SFST (William.Allen@nrc.gov) 
Public Affairs Officer (Victor.Dricks@nrc.gov) 
Public Affairs Officer (Lara.Uselding@nrc.gov) 
RITS Coordinator (Marisa.Herrera@nrc.gov) 
TSB Technical Assistant (Loretta.Williams@nrc.gov) 
Regional Counsel (Karla.Fuller@nrc.gov) 
Congressional Affairs Officer (Jenny.Weil@nrc.gov) 
Congressional Affairs Officer (Angel.Moreno@nrc.gov) 
RIV/ETA:  OEDO (Cindy.Rosales-Cooper@nrc.gov) 
OEMail_Resources@nrc.gov 
ROPreports 
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  Enclosure 

 
U.S. NUCLEAR REGULATORY COMMISSION 

REGION IV 
 

Dockets:  50-483 and 72-1045 
 
Licenses:  NPF-30 
 
Report Nos.:  05000483/2015008 and 07201045/2015001 
 
Licensee:  Union Electric Company 
 
Facility:  Callaway Plant and Independent Spent Fuel Storage Installation (ISFSI) 
 
Location:  Junction Highway CC and Highway O, Fulton, Missouri 
 
Dates:   May 19 - 21, 2015, Welding Dry Run 
   June 2 - 4, 2015, MPC Fluid Operations Dry Run 
   June 16 - 18, 2015, MPC Lid to Shell Cutting Dry Run 
   July 13 - 17, 2015, Program Reviews, Fuel Building to ISFSI Dry Run 
   August 3 - 6, 2015, Inside Fuel Building Heavy Loads Dry Run 
   August 24 - September 1, 2015, First Canister Loading Operations 
 
Team Leader:  Lee Brookhart, Senior Inspector, RIV 
   Repository and Spent Fuel Safety Branch 
 
Inspectors:  Eric Simpson, ISFSI Inspector, RIV 

Gerald Schlapper, Decommissioning Inspector, RIV 
Clyde Morell, Storage & Transport Safety Inspector, NMSS 

   Jeremy Tapp, Storage & Transport Safety Inspector, NMSS 
   Jon Woodfield, Storage & Transport Safety Inspector, NMSS 
 
Approved By:  Ray L. Kellar, P.E., Chief 

Repository & Spent Fuel Safety Branch  
Division of Nuclear Materials Safety 
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EXECUTIVE SUMMARY 
 

Callaway Plant and Independent Spent Fuel Storage Installation 
NRC Inspection Report 50-483/2015-08 and 72-1045/2015-01 

 
The NRC team conducted an extensive evaluation of Callaway’s program for the safe handling 
and storage of spent fuel at their UMAX ISFSI, observed the pre-operational training 
demonstrations, and observed the loading of the first spent fuel cask system.  The Callaway 
Plant had selected the Holtec Certificate of Compliance #1040, HI-STORM UMAX cask storage 
system for use at their site’s Independent Spent Fuel Storage Installation (ISFSI).  This system 
consisted of the Multi-Purpose Canisters (MPC-37) that store 37 pressurized water reactor fuel 
assemblies in a below grade Vertical Ventilated Module (VVM).  Callaway had constructed the 
UMAX ISFSI to hold 48 MPC-37s within the VVMs at the site.  The ISFSI location includes 
space to eventually expand the UMAX to accommodate an additional 96 VVMs, if the site feels 
that it will be required in the future.  The ISFSI was licensed by the NRC under the general 
license provisions of 10 CFR Part 72, Subpart K.  The licensee planned to load six canisters for 
placement within the UMAX ISFSI during fall of 2015, of which the first canister loading was 
observed by the NRC.   
 
This inspection report covers six separate inspections conducted between May 19 and 
September 1, 2015.  During the dry run demonstrations and loading activities the inspectors 
verified compliance with licensing documents: Holtec Certificate of Compliance No. 72-1040 and 
Technical Specifications, Amendment 0; the UMAX Final Safety Analysis Report (FSAR), 
Revision 2; the FW FSAR, Revision 3; the NRC’s Safety Evaluation Report for 72-1040, 
Amendment 0.  Callaway developed a pre-operational test plan which consisted of five dry run 
demonstrations encompassing the pre-operational testing and training exercises required by 
License Condition 8 of the Holtec Certificate of Compliance.  The demonstrations were 
conducted under the observation of the NRC.  Twenty- three technical areas were reviewed 
during the inspections including such topical areas as the overhead crane requirements, loading 
operations, fuel verification, radiological programs, quality assurance, heavy loads, training, 
welding, fire protection and others.  Subsequent to the site visits, an extensive in-office review 
was performed of documents provided by the Callaway staff.  This effort involved the review of 
licensee reports, procedures, calculations, training documents, test results, personnel 
qualification records, safety evaluations, and condition reports to support the conclusion that the 
licensee had developed and implemented a comprehensive program to support ISFSI activities. 
 
During the inspections, the licensee completed the demonstrations related to the operations of 
equipment and the implementation of procedures to verify that all operations required by the 
technical specifications could be performed safely.  The programs review conducted by a NRC 
team of six inspectors, concluded that the licensing requirements related to dry cask storage 
had been adequately incorporated into the site’s programs and procedures.  During the various 
pre-operational demonstrations and first loading, the Callaway workers demonstrated a 
comprehensive understanding of the technical requirements related to the loading and 
operations of an ISFSI.  Callaway’s first cask was placed within the site’s UMAX ISFSI on 
September 1, 2015. 
 
Details related to the technical areas reviewed during this inspection are provided as 
Attachment 2 “Callaway Inspector Notes” to this inspection report.  The following provides a 
summary of the observations of this inspection. 
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Canister Drying/Inerting 
 
• Forced helium dehydration dryness limits established in Technical Specification 

A.3.1.1.1 and Table 3-1 had been incorporated into the licensee’s procedures.  The 
licensee planned to use the forced helium dehydration system for drying all canisters 
loaded at the site.  Operation of the forced helium dehydration system was 
demonstrated during the pre-operational dry run exercises. 

 
• Helium backfill pressure requirements established in Technical Specification A.3.1.1.2 

and Table 3-2 had been incorporated into the licensee’s procedures.   
 
Crane Design 
 
• The licensee had evaluated their fuel building 125-ton crane against the criteria in 

NUREG 0554, ASME NOG-1, and CMAA Spec #70-2010 and found the crane to meet 
the criteria for a single failure proof crane. 
 

• Specific aspects of the crane which included: the bridge and trolley brakes, main hoist 
safety devices, emergency stop features, crane two-block protection, and dual rope 
reeving system met the requirements of NUREG 0554 and NUREG 0612.   

 
Crane Inspection 
 
• The 125-ton fuel building crane was subjected to a daily inspection, performed prior to 

use, that satisfied the requirements of ASME B30.2, Section 2-2.1.2 “Frequent 
Inspection.”  On an annual basis the crane was subjected to a more rigorous inspection 
that met the requirements of ASME B30.2, Section 2-2.1.3 “Periodic Inspection.”   
 

• A performance test was completed at Callaway after the new 125-ton trolley and hoist 
were installed.  The site test included hoist raising/lowering at all speeds, trolley travel in 
both directions at all speeds, bridge travel in both directions at all speeds, and testing of 
all safety devices. 

 
• The crane’s hook was inspected annually as required by ASME B30.10, Sections 

10-1.4.2 through 10-1.4.6.   
 
Crane Load Testing 
 
• Callaway’s new 125-ton crane’s trolley and hoist were dynamically load tested to 100% 

of the rated load and statically loaded to 125% after installation within the fuel building in 
June 2014.   

 
• The fuel building 125-ton crane utilized a 150-ton hook which was subjected to a 200% 

hook load test of 300 tons in February 2014.   
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Crane Operation 
 
• The maximum weight the 125-ton crane would lift during the cask loading campaign was 

123.5 tons when lifting the HI-TRAC VW transfer cask containing the MPC-37 canister 
loaded with spent fuel out of the spent fuel pool. 
 

• Callaway’s qualification requirements for crane operators were consistent with the 
requirements listed in ASME B30.2.   
 

• The licensee had the ability to manually lower the load and manually move the bridge 
and trolley if an emergency occurred.  These provisions had been incorporated into a 
licensee procedure.   

 
• The licensee’s procedures required brake checks and specified a minimum travel height 

when lifting the HI-TRAC VW. 
 
Dry Run Demonstration 
 
• The licensee successfully completed all the required pre-operational tests specified by 

License Condition #8 of the Certificate of Compliance.  This included welding, drying, 
and backfilling of a mock-up canister and the simulated unloading of a sealed canister.  
A weighted canister was used to demonstrate heavy load activities inside the fuel 
building, transport between the fuel building and the UMAX ISFSI, and movement back 
into the fuel handling building for unloading purposes.  Inside fuel building dry runs 
included placement of an empty MPC and HI-TRAC VW into the spent fuel pool and 
movement of a dummy fuel assembly into the MPC.  Additionally, Holtec performed a 
dry run to demonstrate the removal of the canister lid welds, for unloading purposes, at 
Holtec Manufacturing Division (HMD).  

 
Emergency Planning 
 
• Emergency planning provisions for the ISFSI had been incorporated into the site-wide 

emergency plan.  This included adding a specific emergency action level for an event 
damaging a loaded cask.  Part 50 emergency action levels applicable to the ISFSI 
included fires, security threats, and events involving a radiological release from a 
canister. 

 
Fire Protection 
 
• A Fire Hazards Analysis had been performed specific to the Callaway UMAX ISFSI.  

Administrative controls were established to limit the quantity of combustible and 
flammable liquids around the ISFSI and near the transport path during movement of the 
canister. 
 

• Site specific fire and explosion hazards had been evaluated to determine the effect on 
the UMAX ISFSI and to confirm that the location of the ISFSI, location of the transport 
route, and the design of the transportation equipment was adequate.  Several nearby 
facilities were evaluated that included diesel tanks and pipes, lube oil tanks, gasoline 
tanks, hydrogen tanks, and delivery trucks of flammable liquids. 
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• Additional fire analysis was required for the use of the tracked vertical cask transporter 
(VCT), the low profile transporter (HI-PORT), and ancillary equipment to account for the 
fire loading due to all vehicles’ fuel contents and their hydraulic fluids.  Holtec provided 
calculations that showed the postulated fire involving all the equipment would not result 
in a significant increase in the temperature of the spent fuel inside a loaded canister 
when being transported. 

 
Fuel Selection/Verification 
 
• For the initial loading campaign, the licensee planned to load only intact fuel assemblies 

that met the requirements of Technical Specification Appendix B, Section 2.1, Section 
2.3, and the associated tables.  The fuel assemblies selected for the first canister met 
the limits for length, width, weight, irradiation cooling time, average burn-up, cladding, 
decay heat, and fuel enrichment.   
 

• The licensee planned to load fuel in the canisters using the regionalized fuel loading 
concept allowed in Technical Specification Appendix B, Section 2.3 and Figure 2.3-1.  
For the initial loading campaign, the licensee selected the option to load cooler spent 
fuel into the outer canister locations to provide shielding to the hotter fuel assemblies 
that were placed in the inner locations of the canister. 
 

• The licensee had established provisions for independent verification of the correct 
loading of spent fuel assemblies into the canister.  This included use of an underwater 
camera to view the fuel assemblies’ serial numbers.   

 
General License Requirements 
 
• The licensee evaluated the bounding environmental conditions specified in the Holtec 

FSAR and Certificate of Compliance No. 1040 Technical Specifications against the 
conditions at the site.  This included: tornados, flood, seismic events, hurricanes/high 
winds, lightning, burial of the ISFSI under debris, snow/ice, normal and abnormal 
temperatures, and fires/explosions.  The site environmental conditions at Callaway were 
bounded by the Holtec cask design parameters except for fire, explosions, and tornado 
driven missiles.  Separate analyses showed that the site’s ISFSI and dry cask storage 
transportation operations could withstand Callaway’s site specific tornado driven missile, 
worst postulated fire event, and pressures due to an explosion. 
 

• Projected radiation levels at the ISFSI were calculated for an assumed individual located 
at the owner controlled area boundary to determine the dose to this individual.  The 
analysis assumed that the ISFSI was fully loaded with all 48 canisters in the UMAX 
ISFSI with fuel characteristics that bounded the UMAX design basis.  The calculation 
concluded that the dose to any individual would be a small fraction of the regulatory 
limits.  The calculated doses were well below the 10 CFR 72.104 limit of 25 mrem/year.   
 

• The licensee performed an evaluation of the Part 50 reactor programs that could be 
impacted by the addition of an ISFSI.  The evaluation included a review of the radiation 
protection program, emergency planning program, quality assurance program, training 
program, reactor technical specifications, and the Part 50 license.  Revisions to the 
programs to incorporate the ISFSI were identified and implemented.  None of the 
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changes required an amendment to the plant’s Part 50 operating license or technical 
specifications.   
 

• The Holtec Certificate of Compliance and FSAR had been reviewed by the licensee to 
verify that the design basis for the Holtec system and the conditions and requirements in 
the Certificate of Compliance and FSAR were met. 
 

• Callaway had developed procedures for controlling all work associated with cask 
handling, loading, movement, surveillance, maintenance, and testing.  Procedures had 
been developed specific to the ISFSI activities.  Numerous other procedures developed 
for the Part 50 reactor programs were being adequately applied to the ISFSI program.   

 
Heavy Loads 
 
• The licensee had incorporated the special requirements related to the ISFSI project into 

the site heavy loads programs and procedures.  Crane operators interviewed were 
knowledgeable of the special handling requirements related to the spent fuel casks. 
 

• Special lifting device height limits and temperature restrictions during movement of the 
canisters had been incorporated into the licensee’s procedures consistent with the 
requirements in the Certificate of Compliance and FSAR.   
 

• A safe loads path had been identified and analyzed for moving the spent fuel from the 
spent fuel pool.  Provisions were established in procedures to prevent the crane 
operators from moving the loaded canister outside the boundaries of the safe load path 
while in the fuel building.  
 

• The adequacy of the vertical cask transporter (VCT) for the expected weight of a loaded 
transfer cask and the ability of the transporter to safely perform downloading operations 
at the UMAX ISFSI was verified by NRC inspectors.  The VCT was static load tested to 
125% of its rated capacity and was given a 100% performance load test prior to fuel 
loading operations.    

 
Loading Operations 
 
• Requirements in the FSAR related to pre-operational inspections and annual 

maintenance of equipment were being implemented through the licensee’s procedures. 
 
• Technical specifications and FSAR requirements related to spent fuel boron 

concentration, fuel cladding not being exposed to air, handling of damaged fuel 
containers, and time-to-boil limits were implemented in the licensee’s procedures. 
 

• During the loading of the first canister beginning August 24, 2015, the NRC provided 24-
hour coverage of the loading operations for all the critical tasks.  This included fuel 
movement, heavy lifts of the loaded canister, radiation surveys of the loaded transfer 
cask and storage cask, welding of the lid and port cover plates, Forced Helium 
Dehydration (FHD) drying, helium backfill of the canister, and transportation of the 
canister into the UMAX ISFSI.  The first canister was placed into the UMAX ISFSI on 
September 1, 2015. 
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Non-Destructive Examination 
 
• The requirements to perform helium leak testing of each canister was incorporated into 

the licensee’s procedures.  The helium leak testing equipment used during the initial 
loading operations was verified to meet the minimum sensitivity level specified in ANSI 
N14.5.   
 

• A review of the visual and liquid penetrant examination specialists’ qualifications 
identified that they were properly qualified as a Level II examiners. 
 

• The welding contractor, utilized by Callaway for dry cask storage operations, 
implemented visual and liquid penetrant examination procedures that met all the 
applicable requirements from ASME Section III, Section IV, and the FSAR in regards to 
non-destructive examination of welds.   

 
Pressure Testing 
 
• The requirements for canister hydrostatic testing had been incorporated into the 

licensee’s procedure and were consistent with the requirements of ASME Section III 
Subsection NB, Article NB-6000. 
 

• The hydrostatic testing sequence and criteria described in the FSAR had been 
incorporated into the licensee’s procedures.   

 
Quality Assurance 
 
• The licensee had implemented their approved reactor facility Part 50 quality assurance 

program for the activities associated with the ISFSI.  Selected Quality Assurance (QA) 
activities were reviewed related to calibrations, operating status, receipt inspections, QA 
surveillances, and QA audits.   
 

• The FSAR identified structures, systems, and components that were important to safety 
and categorized each item into one of three levels (A, B, or C) based on safety 
significance.  The licensee incorporated Holtec’s safety designations into their 
classification procedure used to determine the level of quality control to place on the 
items. 
 

• A corrective action program that documented issues and classified problems according 
to their impact on quality and safety was being effectively used by the licensee.  
Selected condition reports were reviewed to verify adequate resolution of the issues.  

 
Radiation Protection 
 
• The licensee had incorporated As Low As Reasonably Achievable (ALARA) planning 

into the dry cask loading program.  This included developing reasonable dose goals, 
utilizing lessons learned from other sites, and conducting radiation pre-job briefings that 
identified expected radiological conditions for the different work evolutions.   
 

• Requirements for radiological and contamination surveys described in the FSAR and 
technical specifications had been incorporated into the licensee’s health physics 
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program for the loading of the canisters.  This included decontamination of the transfer 
cask and canister lid, and performing required surveys of the transfer cask and loaded 
VVM.   
 

• The licensee incorporated proper neutron dose consideration into the health physics 
monitoring program for neutrons that would be present around the canister when empty 
of water.  This consideration included the use of appropriate personnel dosimetry that 
could measure neutron doses and applying a correction factor based on survey readings 
obtained during the loading campaign.   

 
Records 
 
• The licensee was maintaining the ISFSI records in their quality related records system.  

Records required for retention by 10 CFR 72.174, 10 CFR 72.212, 10 CFR 72.234, and 
the FSAR had been identified in the licensee’s program as required records for retention.  
The records were required to be maintained for five years after the transfer of the fuel 
from the ISFSI. 

 
Safety Reviews 
 
• Changes to the site related to the construction and operation of the ISFSI were being 

evaluated in accordance with 10 CFR 72.48 and 10 CFR 50.59 requirements.  No issues 
were identified during the review of selected safety screenings and full safety 
evaluations. 

 
Slings 
 
• The slings used for downloading the MPC and other slings utilized throughout the 

campaign met the requirements of NUREG 0612. Operations required dual/redundant 
slings that had a rated capacity of twice the sum of the static and dynamic loads.  All 
slings’ proof loading tests were found to meet the requirements of ASME B30.9. 
 

• The sling inspection program complied with ASME B30.9 in regards to daily sling 
inspections, annual sling inspections, and proof loading. 

 
Special Lifting Devices 
 
• The licensee’s special lifting device program complied with ANSI N14.6 in regards to 

stress design, prior to use inspections, and 300% proof loadings for the lift yoke, lift yoke 
extensions, HI-TRAC VW Lift Lugs, MPC lift cleats, and the VCT lift links.   

 
Storage Operations 
 
• The inspection of the VVM outlet and inlet air ducts to be free from blockage was placed 

in the licensee’s procedures to be performed daily as required by Technical Specification 
A.3.1.2. 
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Unloading 
 
• The licensee procured the equipment and developed procedures to perform gas 

sampling if a canister was required to be unloaded.  The licensee demonstrated the gas 
sampling process to the NRC during the dry run demonstrations.   

 
• Canister re-flooding for unloading was demonstrated to the NRC during the dry run 

demonstrations.  The procedure controlling canister re-flooding contained all of the 
applicable requirements from the FSAR and the technical specifications.   

 
Welding 
 
• Requirements for hydrogen monitoring during welding of the canister lid had been 

incorporated into the licensee’s procedures.   
 

• All welding procedures contained the required essential, non-essential, and 
supplemental variables specified in ASME Section IX for gas tungsten arc welding. 
 

• The welding procedure’s qualification test coupons all satisfactorily passed the required 
bend and tension tests to qualify the welding procedures and thus the lid to shell weld. 
 

• The welder’s performance qualification test records were reviewed and documented that 
the welders had met the qualification testing requirements for manual and machine 
welding of the canister lid.  The testing requirements complied with the requirements of 
ASME Section IX.   
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SUPPLEMENTAL INSPECTION INFORMATION 

PARTIAL LIST OF PERSONS CONTACTED 
 
Licensee Personnel 
 
R. Brumnet, Consultant, QC Inspector 
C. Emerson, Consultant, Radiation Protection 
D. Daugherty, QC Inspector 
S. Ewens, ISFSI Project Manager 
R. Lutz, Lead Project Engineer 
M. McLachlan, Senior Director Engineering 
J. Mcinvale, Consultant, Project Engineer 
T. Pettus, Project Engineer 
L. Ptasznik, Regulatory Affairs 
G. Roesner, Consultant, Project Engineer 
D. Shafer, Consultant, Regulatory Affairs 
E. Stewart, Senior Reactor Operator 
 
Holtec International 
 
B. Bates, Field Supervisor 
A. Brown, Project Engineer 
D. Burns, Welder/Machine Operator 
T. Card, Project Manager 
T. Ciesielski, Welder/Machine Operator 
N. DeDominicis, HMD Manager of Projects 
L. Johnson, Field Supervisor 
L. Kinney, Site Manager 
S. Roland, Operations Manager 
J. Sloane, Field Supervisor 
S. Soler, Director Site Services Manager 
R. Tindal, Project Manager 
T. Witt, Regulatory Affairs 
 
PCI Group 
 
R. Campbell, Welder 
D. O’Conner, NDE Inspector 
L. Hobson, Welder 
J. Meyers, Welding Supervisor 
L. Vice, NDE Inspector 
J. York, Welder 
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INSPECTION PROCEDURES USED 
 
IP 60854.1 Preoperational Testing of ISFSIs at Operating Plants 
IP 60855.1 Operations of an ISFSI at Operating Plants 
IP 60856 Review of 10 CFR 72.212(b) Evaluations 
IP 60857 Review of 10 CFR 72.48 Evaluations 
 

LIST OF ITEMS OPENED, CLOSED, AND DISCUSSED 
 
Opened 
 
None 
 
Discussed 
 
None 
 
Closed 
 
None 
 

LIST OF ACRONYMS 
 
abs   absolute 
ADAMS  Agencywide Documents Access and Management System 
ALARA  As Low As Reasonably Achievable  
ANSI   American National Standards Institute 
ASHRAE  American Society of Heating Refrigerating and Air-Conditioning Engineer 
ASME   American Society of Mechanical Engineers 
ASTM   American Society for Testing and Materials 
atm   atmosphere 
AWS   automatic welding system 
BP   Burnable Poison Rod Assembly 
CAL   Calculation 
CAR    Corrective Action Request  
CARS   Corrective Action Request System 
CEC   Cavity Enclosure Container 
cc/sec   cubic centimeters per sec 
CFR   Code of Federal Regulations 
CLP   Cask Loading Pit 
cm   centimeter 
CMAA   Crane Manufacturers’ Association of America  
CMTR   certified materials test report  
CoC   Certificate of Compliance 
CWP   Cask Washing Pit 
DBE   Design Basis Earthquake 
DFC   damaged fuel container 
DNMS   Division of Nuclear Material Safety 
dpm   disintegrations per minute  
EAL   emergency action level 
EPD   electronic pocket dosimeter 
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EPP   emergency plan procedure 
EPRI   Electrical Power Research Institute 
F   Fahrenheit 
FHD   forced helium dehydration 
fps   feet per second 
FSAR   Final Safety Analysis Report 
g   acceleration due to gravity 
gpm   gallons per minute  
GQP   General Quality Procedure 
GTAW   gas tungsten arc welding 
GWD/MTU  Giga Watt Day per Metric Ton Uranium 
GWS   General Welding Standard 
HI   Holtec International 
HI-PORT  Low Profile Transporter 
HI-TRAC VW  Holtec Transfer Cask  
HMD   Holtec Manufacturing Division 
HMSLD  helium mass spectrometer leak detector 
HSP   Holtec Standard Procedure 
HPP   Holtec Project Procedure 
HVAC   heating, ventilating, and air-conditioning 
ICRP   International Commission Radiation Protection 
ICA   item control area 
IP   Inspection Procedure 
IPTE   Infrequently Performed Test Evolution  
ISFSI   Independent Spent Fuel Storage Installation 
ISG   Interim Staff Guidance 
ITS   important to safety 
IWRC   independent wire rope core 
kW   killo-watt 
lbs   pounds 
LCO   limiting condition for operation 
m/sec   meters per second  
MPC   multi-purpose canister 
mrem   MilliRoentgen Equivalent Man 
MSLD   mass spectrometer leak detector 
MWD/MTU  Mega Watt Day per Metric Ton Uranium 
NDE   non-destructive examination 
NOG   Nuclear Overhead and Gantry (Cranes) 
NEI   Nuclear Energy Institute 
NIST   National Institute of Science and Technology 
NITS    not important to safety 
NRC   Nuclear Regulatory Commission 
NSA   Neutron Source Assembly 
NUREG  US Nuclear Regulatory Commission Regulation 
OCA   owner controlled area 
OSL   optically stimulated luminescence  
OQAM   Operating Quality Assurance Manual 
PCI   Westinghouse Electric Company Welding Service 
PII   personally identifiable information 
PM   preventative maintenance  
PQR   procedure qualification record 
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PS   Purchase Specification 
psig   pounds per square inch gauge 
PT   liquid penetrant exam 
PWR   pressurized water reactor 
QA   quality assurance 
QC   quality control 
RCCA   Rod Cluster Control Assemblies 
RERP   Radiological Emergency Response Plan 
RIV   Region 4 
RVOA   removable valve operator assembly 
RWP   radiation work permit 
S/N   serial number 
SER   Safety Evaluation Report 
SFP   spent fuel pool 
SNM   special nuclear material  
SNT-TC  Society for Non-Destructive Testing-Technical Committee 
Spec   Specification 
SSC   structures, systems, and components 
SSE   safe shutdown earthquake  
TAL   threaded anchor location 
TEPC   Tissue Equivalent Proportional Chamber 
TLD   thermo-luminescent dosimetry  
TP   Thimble Plug  
TS   technical specification 
U-235   Uranium 235 
UFSAR  Updated Final Safety Analysis Report 
UFSAR-SA  Updated Final Safety Analysis Report Site Addendum 
UFSAR-SP  Updated Final Safety Analysis Report Standard Plant 
VCT   vertical cask transporter 
VVM   Vertical Ventilated Module 
VT   Visual Testing 
WOPQ   welder operator performance qualification 
WPQ   welder performance qualification  
WPS   welding procedure specification 
ZPA   Zero Period Accelerations 
Zr   zirconium based fuel cladding 
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DOCUMENT FORMATTING 
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DECLARATION OF PROPRIETARY STATUS 
 

 Nonproprietary  Holtec Proprietary   Privileged Intellectual Property (PIP) 
 
Documents labeled Privileged Intellectual Property contain extremely valuable intellectual/commercial property of Holtec International. They cannot be released to external 
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undergone the required review and approval process, and the appropriate Holtec personnel have recorded their password-controlled electronic concurrence to the 
document. 

 
2. A revision to this document will be ordered by the Project Manager and carried out if any of its contents is materially affected during evolution of this project. The 

determination as to the need for revision will be made by the Project Manager with input from others, as deemed necessary by him. 
 
3. Revisions to this document may be made by adding supplements to the document and replacing the “Table of Contents”, this page and the “Revision Log”. 
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GLOSSARY OF TERMS USED IN HI-STORM SAFETY ANALYSIS REPORTS 
 
AFR is an acronym for Away from Reactor storage. 
 
ALARA is an acronym for As Low As Reasonably Achievable 
 
Ambient Temperature for Short Term Operations  (operations involving use of the HI-TRAC, a 
Lifting device and/ or a on-site transport device)  is defined as the 24 hour average of the local 
temperature as forecast by the National Weather Service. 
 
Ancillary or Ancillary Equipment is the generic name of a device used to carry out “short term 
operations. 
 
Bottom Lid means the removable lid that fastens to the bottom of the HI-TRAC transfer cask 
body to create a gasketed barrier against in-leakage of pool water in the space around the MPC. 
 
Bottom MPC Guides are the MPC Guides located in the bottom region of the MPC storage 
cavity. 
 
BWR is an acronym for Boiling Water Reactor. 
 
Canister means an all-welded vessel containing used fuel that has been qualified to serve as a 
confinement boundary under the rules of 10CFR 72. 
 
Cavity Enclosure Container (CEC) means a  thick walled cylindrical steel weldment that 
defines the storage cavity for the MPCs. 
 
CG is an acronym for center of gravity. 
 
Closure Lid means the METCON lid that is installed on the MPC storage cavity to provide 
physical and shielding protection to the stored MPC. 
 
Commercial Spent Fuel or CSF refers to nuclear fuel used to produce energy in a commercial 
nuclear power plant. 
 
Confinement Boundary means the outline formed by the sealed, cylindrical enclosure of the 
Multi-Purpose Canister (MPC) shell welded to a solid baseplate, a lid welded around the top 
circumference of the shell wall, the port cover plates welded to the lid, and the closure ring 
welded to the lid and MPC shell providing the redundant sealing. 
 
Confinement System means the Multi-Purpose Canister (MPC) which encloses and confines the 
spent nuclear fuel during storage.  
 
Container Flange means the ring flange that is welded to the upper extremity of the Container 
shell. 
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Container Shell means the cylindrical portion of the Cavity Enclosure Container 
 
Controlled Area means that area immediately surrounding an ISFSI for which the owner/user 
exercises authority over its use and within which operations are performed.  
 
Controlled Low-Strength Material (CLSM) Withheld in Accordance with 10 CFR 2.390 
 
 
Cooling Time (or post-irradiation cooling time) for a spent fuel assembly is the time between 
its final discharge from the reactor to the time it is loaded into the MPC.   
 
Critical Characteristic means a feature of a component or assembly that is necessary for the 
proper safety function of the component or assembly. Critical characteristics of a material are 
those attributes that have been identified, in the associated material specification, as necessary to 
render the material’s intended function. 
 
DAS is the abbreviation for the Decontamination and Assembly Station. It means the location 
where the Transfer Cask is decontaminated and the MPC is processed (i.e., where all operations 
culminating in lid and closure ring welding are completed).  
 
DBE means Design Basis Earthquake. 
 
DCSS is an acronym for Dry Cask Storage System. 
 
Damaged Fuel Assembly is a fuel assembly with known or suspected cladding defects, as 
determined by review of records, greater than pinhole leaks or hairline cracks, empty fuel rod 
locations that are not replaced with dummy fuel rods, missing structural components such as grid 
spacers, whose structural integrity has been impaired such that geometric rearrangement of fuel 
or gross failure of the cladding is expected based on engineering evaluations, or those that cannot 
be handled by normal means. Fuel assemblies that cannot be handled by normal means due to 
fuel cladding damage are considered fuel debris. 
 
Damaged Fuel Container (or Canister) or DFC means a specially designed enclosure for 
damaged fuel or fuel debris which permits flow of gaseous and liquid media while minimizing 
dispersal of gross particulates.  
 
Design Basis Load (DBL) is a loading defined in this SAR to bound one or more events that are 
applicable to the storage system during its service life. Thus, the pressure loading on the cask’s 
lid specified in this SAR is a DBL because it is set substantially above the pressure from 
accumulated snow set down in the national consensus standard for the 48 contiguous United 
States.  
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Design Heat Load or Design Basis Heat Load is the computed heat rejection capacity of the 
HI-STORM system with a certified MPC loaded with CSF stored in uniform storage with the 
ambient at the normal temperature and the peak cladding temperature (PCT) at 400ºC. The 
Design Heat Load is less than the thermal capacity of the system by a suitable margin that 
reflects the conservatism in the system thermal analysis. 
 
Design Life is the minimum duration for which the component is engineered to perform its 
intended function set forth in this SAR, if operated and maintained in accordance with this SAR. 
 
Design Report is a document prepared, reviewed and QA validated in accordance with the 
provisions of 10CFR72 Subpart G. The Design Report shall demonstrate compliance with the 
requirements set forth in the Design Specification. A Design Report is mandatory for systems, 
structures, and components designated as Important to Safety. The SAR serves as the Design 
Report for the HI-STORM UMAX System. 
 
Design Specification is a document prepared in accordance with the quality assurance 
requirements of 10CFR72 Subpart G to provide a complete set of design criteria and functional 
requirements for a system, structure, or component, designated as Important to Safety, intended 
to be used in the operation, implementation, or decommissioning of the HI-STORM  UMAX 
System. The SAR serves as the Design Specification for the HI-STORM UMAX System. 
 
Divider Shell means a cylindrical shell bearing insulation over most of its inner or outer surface 
that divides the annular space between the MPC and the CEC shell into two discrete regions for 
down- flow and up-flow of air.. 
 
Duct Extension means a removable, non-structural member fastened to the inlet or outlet duct to 
move the location of air intake or exhaust, as applicable 
 
Enclosure Wall means an optional circumscribing structure installed to mitigate the incursion of 
groundwater into the subgrade space of the ISFSI. 
 
Enclosure Vessel (or MPC Enclosure Vessel) means the pressure vessel defined by the 
cylindrical shell, baseplate, port cover plates, lid, closure ring, and associated welds that provides 
confinement for the helium gas contained within the MPC. The Enclosure Vessel (EV) and the 
fuel basket together constitute the multi-purpose canister.  
 
Equivalent (or Equal) Material is a material with critical characteristics (see definition above) 
that meet or exceed those specified for the designated material. 
 
Fracture Toughness is a property which is a measure of the ability of a material to limit crack 
propagation under a suddenly applied load. 
 
FSAR is an acronym for Final Safety Analysis Report (10CFR72). 
 
Fuel Basket means a honeycombed structural weldment with square openings which can accept 
a fuel assembly of the type for which it is designed.  
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Fuel Building is the generic term used to denote the building in which the fuel loading and 
where a portion of “short-term operations” will occur. 
 
Fuel Debris is ruptured fuel rods, severed rods, loose fuel pellets, containers or structures that 
are supporting these loose fuel assembly parts, or fuel assemblies with known or suspected 
defects which cannot be handled by normal means due to fuel cladding damage. 
 
Fuel Shim is a suitably sized metallic part interposed in the space between the fuel and the MPC 
cavity at either the top or the bottom (or both) ends of the fuel to minimize the axial 
displacement of the SNF within the MPC due to longitudinal inertia forces. 
 
High Burnup Fuel, or HBF is a commercial spent fuel assembly with an average burn-up 
greater than 45,000 MWD/MTU. 
 
HI-PORT is a Holtec trade name for an engineered Low Profile Transporter to that maximizes 
protection of the cask against overturning under seismic conditions. 
 
HI-TRAC is a generic term for the transfer cask used to house the MPC during MPC fuel 
loading, unloading, drying, sealing, and on-site transfer operations to a HI-STORM storage 
module or HI-STAR storage/transportation overpack. The HI-TRAC shields and protects the 
loaded MPC during short term operations.  
 
HI-STORM VVM means the module that receives and contains the sealed multi-purpose 
canisters containing spent nuclear fuel for long term storage. It provides the gamma and neutron 
shielding, ventilation passages, missile protection, and protection against natural phenomena and 
accidents for the loaded MPC.   
 
HI-STORM UMAX system consists of loaded MPCs stored in the HI-STORM UMAX VVM .  
 
HI-STORM 100 System consists of any loaded MPC model placed within any design variant of 
the HI-STORM overpack in Docket number 72-1014.  
 
HoltiteTM-A is a trademarked Holtec International neutron shield material.  
 
Important to Safety (ITS) means a function or condition required to store spent nuclear fuel 
safely; to prevent damage to spent nuclear fuel during handling and storage, and to provide 
reasonable assurance that spent nuclear fuel can be received, handled, packaged, stored, and 
retrieved without undue risk to the health and safety of the public. 
 
Independent Spent Fuel Storage Installation (ISFSI) means a facility designed, constructed, 
and licensed for the interim storage of spent nuclear fuel and other radioactive materials 
associated with spent fuel storage in accordance with 10CFR72. 
 
Intact Fuel Assembly is defined as a fuel assembly without known or suspected cladding 
defects greater than pinhole leaks and hairline cracks, and which can be handled by normal 
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means. Fuel assemblies without fuel rods in fuel rod locations shall not be classified as Intact 
Fuel Assemblies unless dummy fuel rods are used to displace an amount of water greater than or 
equal to that displaced by the fuel rod(s). 
 
Interim Storage means an autonomous monitored canister storage facility from which the stored 
canister can be retrieved, if necessary. 
 
Interfacing Components means the weldments certified in other dockets that will be used with 
the HI-STORM UMAX VVM assemblies for transferring and storing MPCs in HI-STORM 
UMAX. The MPC is an Interfacing Component 
 
ISFSI Pad means the reinforced concrete pad that provides the support surface for the cask 
handling device. 
 
License Life means the duration for which the system is authorized by virtue of its certification 
by the U.S. NRC. 
 
Licensing Drawings or Licensing Drawing Package is an integral part of this SAR wherein the 
essential geometric and material information on HI-STORM UMAX  is compiled to enable the 
safety evaluations pursuant to 10 CFR 72  to be carried out.   
 
Long-term Storage means the time beginning after on-site handling is complete and the loaded 
overpack is at rest in its designated storage location on the ISFSI pad and lasting up to the end of 
the licensed life of the HI-STORM 100 System. 
 
Low Profile Transporter (LPT) is the generic name of the ancillary used to move a loaded or 
empty cask in a plant’s “truck bay” and/or the haul path with the cask directly  situated on a low 
lying platform founded on a structurally robust frame such that an uncontrolled lowering ( free 
fall)  of the cask is not credible. The LPT must be sufficiently short to insure that the loaded cask 
can clear the roll-up door in the truck bay.  
 
Lowest Service Temperature (LST) is the minimum metal temperature of a part for the 
specified service condition. 
 
Maximum Reactivity means the highest possible k-effective including bias, uncertainties, and 
calculational statistics evaluated for the worst-case combination of fuel basket manufacturing 
tolerances. 
 
METAMIC® is a trade name for an aluminum/boron carbide composite neutron absorber 
material qualified for use in the MPCs and in wet storage applications. 
 
METAMIC-HT is the tradename for the metal matrix composite made by imbedding nano-
particles of aluminum oxide and fine boron carbide powder on the grain boundaries of aluminum 
resulting in improved structural strength properties at elevated temperatures. 
 
METCON is a trade name for the HI-STORM overpack. The trademark is derived from the 
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metal-concrete composition of the HI-STORM overpack. 
 
MGDS is an acronym for Mined Geological Disposal System.  
 
Minimum Enrichment is the minimum assembly average enrichment. Natural uranium blankets 
are not considered in determining minimum enrichment. 
 
Moderate Burnup Fuel, or MBF is a commercial spent fuel assembly with an average burnup 
less than or equal to 45,000 MWD/MTU. 
 
Multi-Purpose Canister or MPC means the sealed canister consisting of a  fuel basket for spent 
nuclear fuel storage, contained in a cylindrical canister shell (the MPC Enclosure Vessel). The 
MPC is the confinement boundary for storage conditions. 
 
MPC Guides is a generic term to represent Top or Bottom MPC Guides 
 
MPC Transfer means transfer of the MPC between the storage module and the transfer cask 
which begins when the MPC is lifted off the HI-TRAC bottom lid and ends when the MPC is 
supported from beneath by the module (or the reverse). 
 
NDT is an acronym for Nil Ductility Transition Temperature, which is defined as the 
temperature at which the fracture stress in a material with a small flaw is equal to the yield stress 
in the same material if it had no flaws. 
 
Neutron Absorber is a generic term used in this SAR to indicate any neutron absorber material 
qualified for use in the MPCs certified in a HI-STORM docket. 
 
Neutron Shielding means a material used to thermalize and capture neutrons emanating from 
the radioactive spent nuclear fuel.  
 
Non-Fuel Hardware is defined as Burnable Poison Rod Assemblies (BPRAs), Thimble Plug 
Devices (TPDs), Control Rod Assemblies (CRAs), Axial Power Shaping Rods (APSRs), Wet 
Annular Burnable Absorbers (WABAs), Rod Cluster Control Assemblies (RCCAs), Control 
Element Assemblies (CEAs), Neutron Source Assemblies (NSAs), water displacement guide 
tube plugs, orifice rod assemblies, Instrument Tube Tie Rods (ITTRs), vibration suppressor 
inserts, and components of these devices such as individual rods.  
 
Planar-Average Initial Enrichment is the average of the distributed fuel rod initial enrichments 
within a given axial plane of the assembly lattice. 
 
Plain Concrete is concrete that is unreinforced and is of density specified in this FSAR. 
 
Post-Core Decay Time (PCDT) is synonymous with cooling time.  
 
PWR is an acronym for pressurized water reactor.  
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Reactivity is used synonymously with effective neutron multiplication factor or k-effective. 
 
Regionalized Fuel Loading is a term used to describe an optional fuel loading strategy used in 
lieu of uniform fuel loading wherein the storage locations are ascribed to two or more  distinct 
regions each with its own maximum allowable specific heat generation rate.   
 
Regionalized Fuel Storage is a term used to describe an optimized fuel loading strategy wherein 
the storage locations are ascribed to distinct regions each with its own maximum allowable 
specific heat generation rate.   
 
Removable Shielding Girdle is an ancillary designed to be installed to provide added shielding 
to the personnel working in the top region of the transfer cask. 
 
SAR is an acronym for Safety Analysis Report. 
 
Self-hardening Engineered Subgrade (or SES) means CLSM or lean concrete in this FSAR. 
 
Service Life means the duration for which the component is reasonably expected to perform its 
intended function, if operated and maintained in accordance with the provisions of this FSAR. 
Service Life may be much longer than the Design Life because of the conservatism inherent in 
the codes, standards, and procedures used to design, fabricate, operate, and maintain the 
component. 
 
Short-term Operations means those normal operational evolutions necessary to support fuel 
loading or fuel unloading operations. These include, but are not limited to MPC cavity drying, 
helium backfill, MPC transfer, and onsite handling of a loaded HI-TRAC transfer cask. 
 
Single Failure Proof means that the handling system is designed so that all directly loaded 
tension and compression members are engineered to satisfy the enhanced safety criteria of 
Paragraphs 5.1.6(1)(a) and (b) of NUREG-0612.  
 
SNF is an acronym for spent nuclear fuel.  
 
Specific Heat Load means the heat emission rate from one fuel assembly. Sum of the Specific 
Heat loads of all fuel assemblies in a canister is referred to as the Aggregate heat Load or SFSC 
Heat Load. 
 
SSC is an acronym for Structures, Systems and Components. 
 
STP is Standard Temperature and Pressure conditions.  
 
Support Foundation Pad (SFP) means the reinforced concrete pad located underground on 
which the CECs are situated. 
 
Subgrade  is the lateral space between each CEC, the SFP and the ISFSI Pad. 
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TAL is an acronym for the Tapped Anchor Location. 
 
Thermal Capacity of the HI-STORM system is defined as the amount of heat the storage 
system, containing an MPC loaded with CSF stored in uniform storage, will actually reject with 
the ambient environment at the normal temperature and the peak fuel cladding temperature 
(PCT) at 400ºC. 
 
Thermo-siphon is the term used to describe the buoyancy-driven natural convection circulation 
of helium within the MPC fuel basket. 
 
Top MPC Guides and Bottom MPC Guides mean the set of radial plates   that are shaped to 
aid in the insertion and withdrawal of MPCs and serve to restrain the MPC's lateral movement 
during seismic events.  
 
TOG is an acronym for top-of-the-grade of the ISFSI and identified by the by the riding surface 
of the cask transporter. 
 
Traveler means the set of sequential instructions used in a controlled manufacturing program to 
ensure that all required tests and examinations required upon the completion of each significant 
manufacturing activity are performed and documented for archival reference. 
 
Undamaged Fuel Assembly is defined as a fuel assembly without known or suspected cladding 
defects greater than pinhole leaks and hairline cracks, and which can be handled by normal 
means. Fuel assemblies without fuel rods in fuel rod locations shall not be classified as Intact 
Fuel Assemblies unless dummy fuel rods are used to displace an amount of water greater than or 
equal to that displaced by the fuel rod(s). 
 
Under-grade is the space below the SFP. 
 
Uniform Fuel Loading is a fuel loading strategy where any authorized fuel assembly may be 
stored in any fuel storage location, subject to other restrictions in the CoC, such as those 
applicable to non-fuel hardware, and damaged fuel containers. 
 
Vertical Cask Transporter or VCT is the generic name for a device that has the ability to raise 
or lower a cask or a canister with the built-in safety of a redundant drop protection system.  A 
VCT may be designed to be limited in its operation space to the ISFSI pad area and/or it may 
have the capability to translocate the cask over a suitably engineered haul path. 
 
VVM is an acronym for Vertical Ventilated Module 
 
ZPA is an acronym for zero period acceleration. 
 
ZR means any zirconium-based fuel cladding material authorized for use in a commercial 
nuclear power plant reactor.  Any reference to Zircaloy fuel cladding in this FSAR applies to any 
zirconium-based fuel cladding material. 
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FSAR SECTION REVISION STATUS, LIST OF AFFECTED SECTIONS AND REVISION 
SUMMARY 

 

FSAR Report No.: HI-2115090 FSAR Revision Number: 3 

 

FSAR Title: Final Safety Analysis Report on the HI-STORM UMAX System 

 
This FSAR is submitted to the USNRC in support of Holtec International’s application to secure a CoC 
under 10CFR Part 72. 
 
FSAR review and verification are controlled at the chapter level and changes are annotated at the chapter 
level. 
 
A section in a chapter is identified by two numerals separated by a decimal. Each section begins on a fresh 
page. Unless indicated as a “complete revision” in the summary description of change below, if any change 
in the content is made, then the change is indicated by a “bar” in the right page margin and the revision 
number of the entire chapter including applicable figures (annotated in the footer) is changed.  
 
A summary description of change is provided below for each FSAR chapter. Minor editorial changes to this 
FSAR may not be summarized in the description of change. 
 

Chapter 1  
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Table No. 
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No. 
Summary Description of Change 
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Section 1.0.2 
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3 
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CHAPTER 1: GENERAL DESCRIPTION OF THE 
HI-STORM UMAX SYSTEM 

 

1.0 GENERAL INFORMATION 
This final safety analysis report (FSAR) describes the Holtec International HI-STORM UMAX 
Canister Storage System (HI-STORM UMAX) and contains the necessary information and 
analyses to support a United States Nuclear Regulatory Commission (USNRC) licensing review 
as a spent nuclear fuel (SNF) dry storage cask under the provisions of 10 CFR 72 [1.0.3]. This 
report, prepared pursuant to 10 CFR 72.230, describes the basis for NRC approval and issuance 
of a Certificate of Compliance (CoC) on the HI-STORM UMAX System under 10 CFR 72, 
Subpart L to safely store spent nuclear fuel (SNF) at an Independent Spent Fuel Storage 
Installation (ISFSI) under the general license authorized by 10 CFR 72, Subpart K.  

The HI-STORM UMAX stores a hermetically sealed canister containing spent nuclear fuel in an 
in-ground Vertical Ventilated Module (VVM). The safety evaluation and regulatory control is 
maintained in USNRC docket # 72-1040. The annex identifier UMAX is an acronym of 
Underground MAXimum capacity. HI-STORM UMAX is designed to provide long-term 
underground∗ storage of loaded multi-purpose canisters (MPC) previously certified for storage 
by the USNRC in Holtec International (“Holtec”) Docket 72-1032 (HI-STORM FW) [1.0.2]. 
The HI-STORM UMAX VVM is essentially the underground equivalent of the HI-STORM FW 
overpack certified in Docket# 72-1032. Although the storage cavity dimensions and the air 
ventilation system  in the HI-STORM UMAX VVM have been selected to enable it to also  store 
all  MPCs certified in for storage in the HI-STORM 100 overpack (Docket number 72-
1014)[1.0.1], this FSAR does not seek to support their certification at this time. Safety analyses 
and evaluations of the  HI-STORM 100 MPCs under (hypothetical ) storage in HI-STORM 
UMAX are nevertheless included in this FSAR, as appropriate, to provide a comparative 
reference for the licensing-basis analyses of the HI-STORM FW canisters (MPC-37 & MPC-89). 
Thus while the safety analyses have been carried out in this FSAR for all MPCs presently 
certified  in docket # 72-1014 (HI-STORM 100) and docket # 72-1032 (HI-STORM FW) , the 
Certificate-of-Compliance  sought pursuant to this licensing submittal is limited to qualifying 
only  MPC-37 and MPC-89  which  have been previously certified in the HI-STORM FW docket.  
.Inclusion of the smaller MPCs originally certified in the HI-STORM 100 docket serves to 
underscore the plausible result that the structural and thermal margins are controlled by the larger 
canister. Specifically, it is found that MPC-37 governs in respect of structural and thermal 
margins. MPC-37 is therefore designated as the “governing canister”. To insure that the CoC for 
the HI-STORM UMAX system is autonomously complete, the entire body of the latest versions 

                                                 
∗ The term “underground” is used throughout this document to refer to the HI-STORM UMAX System, in which 
MPCs are stored within a monolithic block, some of which is below grade, instead of within discrete above-ground 
overpacks. The term underground is not intended to mean that all portions of the system are located below the site 
grade level. Sites construct the HI-STORM UMAX in accordance with the license requirements and site-specific 
conditions. 
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of the Technical Specification pertaining to MPC-37, MPC-89 and HI-TRAC VW is excerpted 
from the “FW” docket and included in the proposed Technical Specifications for the HI-STORM 
UMAX storage system. To facilitate convenient access to the referenced material, the latest 
revision of the HI-STORM FW FSAR has been placed in this docket and a list of “FW " FSAR 
sections germane to this chapter is provided in a tabular form. Table 1.0.1 provides a listing of 
the applicable material adopted in this chapter by reference to the HI-STORM FW FSAR. 

Except in cases where clarity of presentation calls for reproduction of the HI-STORM FW FSAR 
material in this FSAR, the safety analyses for the canisters and the transfer cask documented in 
the HI-STORM FW FSAR, where applicable, are incorporated by reference. Directly copied 
FSAR text matter from the “FW” docket is provided in the “Arial” font to identify its 
provenance.  

HI-STORM UMAX is intended for dry storage of spent nuclear fuel at an Independent Spent 
Fuel Storage Installation (ISFSI) under 10CFR 72 [1.0.3] Subpart L. The  HI-STORM UMAX 
ISFSI (illustrated in Figure 1.0.1), which may contain any number of UMAX VVMs, may be co-
located at a licensed reactor site or at an away-from-reactor (AFR) site such as an interim storage 
facility. Certain innovative design features of HI-STORM UMAX are subject to patent action by 
the USPTO under application number 61625869 dated April 18, 2012. A licensing drawing 
package depicting the essential geometric details of the HI-STORM UMAX is provided in 
Section 1.5. The licensing drawings for MPC-37, MPC-89 and the HI-TRAC transfer cask are 
also reproduced in Section 1.5 from the “FW” docket for configuration control. The glossary 
preceding this chapter contains the definition of terms and acronyms that may be consulted as 
necessary. 

This safety evaluation follows the guidelines of RG 3.61 [1.0.4] and NUREG-1536 [1.0.5] to 
qualify the MPC-37 and MPC-89 models previously certified in the  HI-STORM FW Holtec 
docket for storage in the HI-STORM UMAX. This report has been prepared in the format and 
content suggested in NRC Regulatory Guide 3.61 [1.0.4] and NUREG-1536 Standard Review 
Plan for Dry Cask Storage Systems [1.0.5]. The only deviation in the format from the formatting 
instruction in Reg. Guide 3.61 is the insertion of a chapter (Chapter 8) on material compatibility 
pursuant to ISG-15 and renumbering of all subsequent chapters and only deviation from 
NUREG-1536 is the order of Chapters 5, 6 and 7 which is similar to HI-STORM FW format.  

The Glossary contains a listing of the terminology and notation used in this FSAR. 

The safety evaluations in this FSAR are intended to bound the conditions that exist in the vast 
majority of domestic power reactor sites and potential away-from-reactor storage sites in the 
contiguous United States. This includes the potential fuel assemblies which will be loaded into 
the system and the environmental conditions in which the system will be deployed. This FSAR 
also provides the basis for component fabrication and acceptance, and the requirements for safe 
operation and maintenance of the components, consistent with the design bases and safety 
analyses documented herein. In accordance with 10CFR72, Subpart K, site-specific 
implementation of the generically certified HI-STORM FW System requires that the licensee 
perform a site-specific evaluation, as defined in 10CFR72.212. The HI-STORM UMAX System 
FSAR identifies a number of conditions that are site-specific and are to be addressed in the 
licensee’s 10CFR72.212 evaluation. These include: 
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• Siting of the ISFSI and design of the storage and security system. Site-specific demonstration 
of compliance with regulatory dose limits. Implementation of a site-specific ALARA 
program. 

• An evaluation of site-specific hazards and design conditions that may exist at the ISFSI site 
or the transfer route between the plant's cask receiving bay and the ISFSI. These include, but 
are not limited to, explosion and fire hazards, flooding conditions, landslides, and lightning 
protection. 

• Determination that the physical and nucleonic characteristics and the condition of the SNF 
assemblies to be stored meet the fuel acceptance requirements of the Certificate of 
Compliance. 

• An evaluation of interface and design conditions that exist within the plant's Fuel Building in 
which canister fuel loading, canister closure, and canister transfer operations are to be 
conducted in accordance with the applicable 10CFR50 requirements and technical 
specifications for the plant. 

• Detailed site-specific operating, maintenance, and inspection procedures prepared in 
accordance with the generic procedures and requirements provided in Chapters 9 and 10, and 
the Certificate of Compliance. 

• Performance of pre-operational testing.  
• Implementation of a safeguards and accountability program in accordance with 10CFR73. 

Preparation of a physical security plan in accordance with 10CFR73.55. 
• Review of the reactor emergency plan, quality assurance (QA) program, training program, 

and radiation protection program. 
 

In presenting the bounding generic analyses of this safety report, selected conditions are drawn 
from authoritative sources such as Regulatory Guides and NUREGs, where available.  

Within this report, all figures, tables and references cited are identified by the double decimal 
system m.n.i, where m is the chapter number, n is the section number, and i is the table number.  
For a complete listing of Tables and Figure please consult the Table of Contents.  For example, 
Figure 1.2.1 is the first figure in Section 1.2 of Chapter 1. Similarly, the following convention is 
used in the organization of chapters: 

a. A chapter is identified by a whole numeral, say m (i.e., m=3 means Chapter 3) 

b. A section is identified by one decimal separating two numerals. Thus, Section 3.1 is 
section 1 in Chapter 3.  

c. A subsection has three numerals separated by two decimals. Thus, Subsection 3.2.1 is 
subsection 1 in Section 3.2.  

d. A paragraph is denoted by four numerals separated by three decimals. Thus, Paragraph 
3.2.1.1 is paragraph 1 in Subsection 3.2.1.  

e. A subparagraph has five numerals separated by four decimals. Thus, Subparagraph 
3.2.1.1.1 is subparagraph 1 in Paragraph 3.2.1.1. 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001080

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 32 of 301
(1104 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

1-4 
 

Tables and figures associated with a section are placed after the text narrative.  Drawings are 
controlled separately within the Holtec QA program and have individual revision numbers and 
are included in Section 1.5. 

 

1.0.1 Engineering Change Orders 
 
The changes authorized by the Holtec ECOs (with corresponding 10CFR72.48 evaluations, if 
applicable) listed in the following table are reflected in this Revision of the FSAR.  

 

LIST OF ECO’S AND APPLICABLE 10CFR72.48 EVALUATIONS 

Affected Item ECO Number 72.48 Evaluation or 
Screening Number 

MPC-37 Fuel Basket 102-18 1110R0 and R1 

MPC-89 Fuel Basket 101-17 1112 

101-18R0 and R1 1110R0 and R1 

MPC Enclosure Vessels 

(37 & 89) 
101-8R0 and R1; 101-9R0 
and R1; 101-13; 102-8R0, 
R1, and R3; 102-10R0 and 

R1 

1053R0 and R1 

101-12; 102-11R0 and R1 1076 

102-13, 102-14 1091 

102-15 1098 

101-16; 102-17R0 and R1 1103R0 and R1 

101-19; 102-19 1138 

101-21; 102-21 1164 

101-15 1093 

101-17 1112 

HI-TRAC VW – MPCs  

(37 & 89)  
103-11  1064 

103-12 1098 

103-14 1114 

HI-STORM UMAX Canister 
Storage System 

105-8 1083 

105-9 R0, R1 and, R2 1098 

105-7 N/A 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001081

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 33 of 301
(1105 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

1-5 
 

105-10 R0 and R1 N/A 

105-13 N/A 

General FSAR Changes 5021-10 R0 and R1 1079 

5021-11 1098 

5021-12 1100 

5021-14 N/A 

5021-15 N/A 

5021-16 1125 

5021-17 1135 

5021-18 1139 

5021-19 N/A 

5021-20 1154 

5021-21 1174 

5021-22 1195 
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1.0.2  Changes Introduced in this FSAR 
 
This FSAR revision corresponds to Amendment #1 to the CoC of HI-STORM UMAX Canister 
Storage system.  The changes in this FSAR are necessary to increase the intensity of the 
permitted earthquake hereafter referred to as the “Most Severe Earthquake” (MSE) for the 
UMAX system.  The physical design changes are as follows: 

a. Addition of a hold-down system to the Closure Lid to prevent its uplift during MSE. 
b. The fill material interstitial space between the CECs, referred to as Space A in Figure 

2.4.4, is replaced with plain concrete with a minimum compressive strength of 3000 psi 
(see Table 2.3.10) 

c. The MPC Guides are strengthened to increase their load bearing capacity and their 
nominal gap with the MPC is engineered to be made vanishingly small. 

 
The design embodiment of HI-STORM UMAX wherein the above changes are incorporated is 
referred to as “Version MSE.” 
 
There are no other upgrades to the design of the “UMAX” ISFSI to meet the loads from the 
MSE. 
 
1.0.2.1  Change in Design and Applicable Loading 
 
The only significant change contemplated under this CoC Amendment is the introduction of a 
stronger Design Basis Earthquake (DBE) than that previously approved for the "UMAX" system. 
The new governing earthquake is quantified in Table 2.3.10 and Table 2.4.5 in Chapter 2.  
 
The seismic analysis to evaluate the admissibility of the more severe DBE is documented in 
subparagraph 3.4.4.1.2 in Chapter 3. 
 
1.0.2.2  Chapters affected by Amendment 1 
 
The table below lists the locations in this FSAR that contain additions or revisions. 
 
Chapter & Title Chapter 

Modified? 
 

          Comment/ Justification  

1.General Description Yes The scope of change applicable to this FSAR revision 
is summarized in this subsection. The drawing package 
in Section 1.5 is revised to incorporate the changes 
mentioned above that together define “Version MSE.” 

2. Principal Design 
Criteria 

Yes The intensity of the Design Basis Earthquake is 
increased as set down in Table 2.3.10. The ISFSI is 
required to meet the new DBE (termed the Most Severe 
Earthquake) under five generated earthquakes 
consisting of statistically independent time histories  
that all bound the target response spectra per 
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SRP3.7.1(see Table 2.4.5). 
3. Structural Evaluation Yes 

 
Additional stress analysis under the so-called Most 
Severe Earthquake is provided in subparagraph 
3.4.4.1.2 in Chapter 3 

4. Thermal Evaluation No 
 

The thermal-hydraulic design of the system is 
unchanged; hence there is no effect on its thermal 
characteristics. 

5. Shielding Evaluation No 
 

There is no change in the shielding design features of 
the system and hence there is no change in its shielding 
characteristics. 

6. Criticality Evaluation No There is no change in the MPC or fuel basket design. 
7. Confinement 
Evaluation  

No The design, manufacturing and inspection of the 
MPC’s Enclosure Vessel remains unchanged; 
therefore, there is no change in the system’s 
confinement capability. 

8.Material Evaluation No No new material or environmental condition is 
introduced in this revision. 

9.Operating Procedures No The loading and unloading procedures remain 
unchanged. 

10. Acceptance Criteria 
& Maintenance 
Programs 

No No change 

11.Radiation Protection No The radiation protection features of the system remain 
unchanged. 

12. Accident 
Evaluation 

No No new accidents are introduced. 

13.Operating Controls 
and Limits 

No No change in operating controls or limits.  

14. Quality Assurance 
Program 

No The applicable QA program remains unchanged. 

 
As can be seen from the above table, the new text matter and safety evaluation for the proposed 
change are limited to specific subsections in Chapters 1, 2 and 3.  The rest of the FSAR is 
unaffected by the amendment.
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TABLE 1.0.1: APPLICABLE SECTIONS OF HI-STORM FW FSAR* 

Location of UMAX 
FSAR 

Subject of the Reference Location in HI-STORM FW 
FSAR, Revision 3 

Section 1.1 Limiting load conditions for MPC-37 
and MPC-89 

Section 2.2 

Sub-Section 1.2.1 Acceptance Criteria for 
manufacturing of MPCs and HI-

TRAC 

Section 10.1, Tables 10.1.1, 
10.1.3 through 10.1.8 

Sub-Section 1.2.1 Description of Alloy X Appendix 1.A 

Sub-Section 1.2.1 Applicable codes for manufacturing 
of HI-TRAC 

Table 1.2.6 

Section 1.2.4 1. Overview of loading 
operations 

2. Preparation of HI-TRAC and 
MPC 

3. MPC Fuel Loading 

4. MPC Closure 

5. Preparation for Storage 

6. MPC Inspection Checklist 

7. HI-TRAC Inspection 
Checklist 

 

1. Section 9.2.1 

2. Section 9.2.2 

3. Section 9.2.3 

4. Section 9.2.4 

5. Section 9.2.5 

6. Table 9.2.4 

7. Table 9.2.5 

 

 

 

 
                                                 

* For convenience of reference, the specific revision of the HI-STORM FW FSAR that is referenced in the safety 
analysis herein is placed in this docket. Updated versions of the HI-STORM FW FSAR shall be placed in this 
docket as necessary so as to ensure that the safety analyses on the “UMAX” docket (72-1040) remain aligned with 
the material referenced in the HI-STORM FW FSAR. 
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Figure 1.0.1;   Pictorial View of a HI-STORM UMAX ISFSI 
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1.1  INTRODUCTION 
HI-STORM UMAX is a dry, in-ground spent fuel storage system consisting of any number of 
Vertical Ventilated Modules (VVM) each containing one canister.  The HI-STORM UMAX is 
designed to be fully compatible with all HI-TRAC transfer casks and multi-purpose canisters 
(MPC) presently certified under USNRC Docket No. 72-1014 and 72-1032. Safety analyses 
documented herein treat all MPCs listed in Table 1.2.1. However, as would be expected, the 
largest canisters, i.e., those licensed in the HI-STORM FW docket are governing in terms of 
structural and thermal margins. These largest canisters, namely MPC-37 and MPC-89 are  
termed “Licensing Basis MPCs” and the certification request for storage in HI-STORM UMAX 
is limited to these MPCs only. For completeness, the permissible contents from the HI-STORM 
FW docket are excerpted in Chapter 2 herein and also reproduced in the Technical Specification 
applicable to the CoC. The safety analyses summarized in this FSAR are intended to demonstrate 
that the HI-STORM UMAX System can safely store PWR or BWR fuel assemblies, in the MPC-
37 or MPC-89, respectively. The MPC is identified by the maximum number of fuel assemblies 
it can contain in the fuel basket. As presently licensed in the HI-STORM FW docket, the 
standard MPC external diameters are identical to allow the use of a single overpack design; 
however the height of the MPC is varied to accord with the SNF to be loaded. 

The MPC is an integrally welded pressure vessel designed to meet the stress limits of the ASME 
Boiler and Pressure Vessel Code, Section III, Subsection NB [1.1.1]. The MPC defines the 
Confinement Boundary for the stored spent nuclear fuel assemblies. Regardless of the storage 
cell count, the construction of the MPC is fundamentally the same; the basket is a honeycomb 
structure comprised of cellular elements. This is positioned within a circumscribing cylindrical 
canister shell. The egg-crate construction and cell-to-canister shell interface employed in the 
MPC basket impart the structural stiffness necessary to satisfy the limiting load conditions 
discussed in Chapter 2 of the HI-STORM FW FSAR. Figures 1.1.1 and 1.1.2 provide cross-
sectional views of the PWR and BWR fuel baskets, respectively. Figures 1.1.3 and 1.1.4 provide 
isometric perspective views of the PWR and BWR fuel baskets, respectively. 
 

The HI-STORM UMAX VVM provides structural protection, cooling, and radiological shielding 
for the MPC. 

The HI-TRAC VW transfer cask (hereafter referred to as HI-TRAC) is required for shielding and 
protection of the SNF during loading and closure of the MPC and during movement of the 
loaded MPC from the cask loading area of a nuclear plant spent fuel pool to the storage 
overpack. Figure 1.1.5 shows a cut away view of the transfer cask. The MPC is placed inside the 
HI-TRAC transfer cask and moved into the cask loading area of nuclear plant spent fuel pools 
for fuel loading (or unloading). The HI-TRAC/MPC assembly is designed to prevent 
(contaminated) pool water from entering the narrow annular space between the HI-TRAC and 
the MPC while the assembly is submerged. The HI-TRAC transfer cask also allows dry loading 
(or unloading) of SNF into the MPC in a hot cell.  

Design criteria for a forced helium dehydration (FHD) system is provided in Section 2.5.1. 

The HI-STORM UMAX is comparable to the HI-STORM 100U (“100U”) VVM licensed in 
NRC Docket No. 72-1014. The major differences between the HI-STORM UMAX and 100U are 
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that the HI-STORM UMAX VVM cavity is larger in diameter and the HI-STORM UMAX 
closure lid features a modified outlet ventilation duct system. 

The HI-STORM UMAX has all the safety attributes that are attributed to in-ground storage, such 
as enhanced protection from incident projectiles and threats from extreme environmental 
phenomena such as hurricanes, tornado borne missiles, earthquakes, tsunamis, fires, and 
explosions. The HI-STORM UMAX VVM is anatomically similar to the HI-STORM 100U 
VVM in several respects. In particular, the MPCs are stored in-ground and each storage cavity is 
isolated from the surrounding environment by a thick cylindrical steel weldment.  This steel shell 
is appropriately coated with surface preservatives or by other means to protect it from corrosion 
from long-term use. 

HI-STORM UMAX differs from HI-STORM 100U in two important respects: 

a.  The placement of the inlet and outlet ducts in HI-STORM UMAX minimizes the 
reduction of ventilating air flow rate through HI-STORM VVM under wind conditions 
which, as is noted in Docket #72-1014, has a small de-rating effect on the thermal 
performance of the ventilation system in HI-STORM 100U. As shown in Chapter 4, the 
inlet and outlet locations in HI-STORM UMAX are also found to minimize inter-
module flow interactions. 

b.  The storage cavity in the HI-STORM UMAX VVM is sufficiently large in physical 
dimensions to accommodate all canisters presently licensed by different designers under 
different 10CFR72 dockets. Therefore, it is theoretically possible to qualify the entire 
universe of used fuel canisters presently deployed at the ISFSIs around the country for 
storage in the HI-STORM UMAX system. This would make it possible to unify the 
long-term storage of all of the presently deployed nation’s dry storage canisters at an 
Interim Storage site in HI-STORM UMAX VVM assemblies in a monitored and 
retrievable configuration. The present issue of this SAR, however, is limited to 
supporting the certification of the  HI-STORM FW MPCs listed in Table 1.2.1.  

The design and operational attributes of the HI-STORM UMAX, described in the following 
paragraphs pursuant to the provisions of 10CFR72.24(b), are subject to intellectual property 
rights in the U.S. and abroad under the patent laws governing the respective jurisdictions. 

 

To summarize, the HI-STORM UMAX System has been engineered to: 

• maximize shielding and physical protection for the MPC; 
• minimize the extent of handling of the SNF; 
• minimize dose to operators during loading and handling; 
• require minimal ongoing surveillance and maintenance by plant staff; 
• facilitate SNF transfer of the loaded MPC to a compatible transport overpack for 

transportation; 
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All HI-STORM UMAX System components (VVM, transfer cask, and MPC) are designated ITS 
and their sub-components are categorized in accordance with NUREG/CR-6407 [1.1.2]. 

The principal ancillaries used in the site implementation of the HI-STORM UMAX System are 
similar to HI-STORM FW System and are summarized in Section 1.2 of the HI-STORM FW 
FSAR and referenced in Chapter 9 of the HI-STORM FW FSAR in the context of loading 
operations. A listing of common ancillaries needed by the host site is provided in Table 9.2.1 of 
the HI-STORM FW FSAR. The detailed design of these ancillaries is not specified in this FSAR. 
In some cases, there are multiple distinct ancillary designs available for a particular application 
(such as a forced helium dehydrator or a vacuum drying system for drying the MPC) and as such, 
not every ancillary will be needed by every site. Ancillary designs are typically specific to a site 
to meet ALARA and personnel safety objectives. 
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Figure: 1.1.1: MPC-37 in Cross Section 
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Figure 1.1.2: MPC-89 in Cross Section 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001091

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 43 of 301
(1115 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

1-15 
 

 
 

 
Figure 1.1.3: PWR Fuel Basket (37 Storage Cells) in Perspective View 
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 Figure 1.1.4: BWR Fuel Basket (89 Storage Cells) in Perspective View 
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Figure 1.1.5: Cutaway View of HI-TRAC VW 
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1.2 GENERAL DESCRIPTION OF HI-STORM UMAX SYSTEM 

1.2.1 System Characteristics 
The HI-STORM UMAX System consists of interchangeable MPCs, which maintain the 
configuration of the fuel and is the confinement boundary between the stored spent  nuclear 
fuel and the environment; and a storage overpack that provides structural  protection and 
radiation shielding during long-term storage of the MPC. In addition, a  transfer cask that 
provides the structural and radiation protection of an MPC during its  loading, unloading, 
and transfer to the storage overpack is also subject to certification  by the USNRC. Description 
of MPCs and the HI-TRAC transfer cask are provided in Section 1.2 of the HI-STORM FW 
FSAR. The key parameters for the UMAX MPCs are provided in Table 1.2.2 of the HI-STORM 
FW FSAR. The principal materials used in the manufacturing of the MPC are listed in the 
licensing drawings (Section 1.5) and the acceptance criteria are provided in Chapter 10  of HI-
STORM FW FSAR. Alloy X description is provided in Appendix 1.A of the HI-STORM FW 
FSAR. The principal materials used in the manufacturing of the HI-TRAC transfer cask are 
listed in the licensing drawings in Section 1.5 and the acceptance criteria are provided in Chapter 
10 of the HI-STORM FW FSAR. Table 1.2.6 of the HI-STORM FW FSAR provides applicable 
code paragraphs for manufacturing the HI-TRAC transfer cask.  

 All structures, systems, and components of the HI-STORM UMAX system, MPCs and HI-
 TRACs, which are identified as Important-to- Safety (ITS), are specified on the licensing 
 drawings provided in Section 1.5. 

 

1.2.2 Constituents of the HI-STORM UMAX Vertical Ventilated Module and ISFSI 
Structures 

The HI-STORM UMAX VVM, shown in the licensing drawing in Section 1.5, provides for 
storage of the MPC in a vertical configuration inside a subterranean cylindrical cavity entirely 
below the top-of-grade (TOG) of the ISFSI. The key constituents of a HI-STORM UMAX VVM 
and ISFSI structures (see Figure 1.2.1 and Figure 1.2.2 ) are: 

VVM Components 

a. The Cavity Enclosure Container (CEC) 

b. The Closure Lid 

ISFSI Structures 

c. The ISFSI Pad 

d. The Support Foundation Pad 

e. The Subgrade and Under-grade 

f. The Enclosure Walls (optional) 

A brief description of each constituent part is provided in the following: 
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a. The Cavity Enclosure Container: 

The Cavity Enclosure Container (CEC) consists of a thick walled shell integrally welded to a 
bottom plate. The top of the container shell is stiffened by a ring shaped flange which is also 
integrally welded. The constituent parts of the CEC are made of low carbon steel plate, with 
stainless steel as an optional material for some components, as specified in the licensing drawing 
provided in Section 1.5. In its installed configuration, the CEC is interfaced with the surrounding 
subgrade for most of its height except for the top region where it is girdled by the ISFSI pad.  

With the Closure Lid removed, the CEC is a closed bottom, open top, thick walled cylindrical 
vessel that has no penetrations or openings. Thus, groundwater has no path for intrusion into the 
interior space of the CEC. Likewise, any water that may be introduced into the CEC through the 
air passages in the top lid will not drain into the groundwater.  

The MPC Bearing surfaces and the Divider Shell, two parts internal to the CEC, are important to 
the thermal performance of the VVM system. The top surfaces of the MPC support system are 
made of stainless steel so that the MPC is not resting directly on carbon steel components. The 
Divider Shell, as its name implies, is a vertical cylindrical shell concentrically situated in the 
CEC that divides the CEC into an inlet flow downcomer and an outlet flow passage.  The 
Divider Shell divides the radial space between the MPC and the CEC cavity into two annuli. The 
bottom end of the Divider Shell has cutouts to enable movement of air from the downcomer to 
the up-flow region around the MPC.  The cutouts in the Divider Shell are sufficiently tall to 
ensure that if the cavity were to be filled with water, the bottom region of the MPC would be 
submerged for several inches. This design feature is important to ensure adequate thermal 
performance of the system if flood water would stop air flow.  The Divider Shell is not attached 
to the CEC which allows its convenient removal for decommissioning or for any in-service 
maintenance that may be required. 

As the licensing drawing in Section 1.5 shows, the lower end of the MPC is restrained by a set of 
radial guides at the MPC's Baseplate elevation. The top lid of the MPC is likewise laterally 
restrained by a set of radial guides attached to the Divider Shell. The radial guides serve as an aid 
during insertion of the canister into the CEC and also provide the means to limit the lateral 
movement of the free-standing canisters during an earthquake.  By limiting the lateral movement 
of the MPC, the guides protect against excessive inertia loads during seismic events. 

The cylindrical surface of the Divider Shell is equipped with insulation to prevent significant 
preheating of the inlet air. The insulation material is selected to be water and radiation resistant 
as well as non-degradable under accidental wetting. 

The chief distinguishing features of the VVM are its low profile and in-ground configuration. 
The MPC is below the ISFSI Pad for its entire height allowing the earth, ISFSI pad and Closure 
Lid to provide shielding of the stored fuel. 

 

b. The Closure Lid: 
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The Closure Lid is a steel structure filled with plain concrete that can withstand the impact of the 
Design Basis Missiles defined in Chapter 2. Both the inlet and outlet vents are located at the 
grade level. A set of inlet passage located on top of the CEC provide maximum separation from 
the large outlet passage which is located in the center of the lid. Using a flue extension, the air 
exhaust from the outlet passage is set to be several feet higher than the inlet and prevents 
significant preheating of the incoming air. As shown in Chapter 4, the geometry of the inlet and 
outlet ducts, as depicted in the licensing drawings, make the HI-STORM UMAX VVM 
essentially insensitive to the speed of the wind. 

The Closure Lid fulfills the following principal performance objectives: 

1. Because there are no lateral streaming paths in the VVM body and the outlet air 
passage is located in the Closure Lid, there is no lateral radiation leakage paths during 
the MPC lowering or raising operation. Thus, the need for shield blocks (necessary to 
close off vents in certain aboveground HI-STORM 100 models) is eliminated. 

2. The air passages in the Closure Lid are configured in such a manner that the 
aerodynamics in the system is not significantly affected by the change in the 
horizontal direction of the wind. 

3. The Closure Lid is physically restrained against horizontal movement during a 
Design Basis Earthquake event or a tornado missile strike. 

4. To minimize the radiation emitted from the storage cavity, a portion of the Closure 
Lid extends into the cylindrical space above the MPC. This cylindrical below-surface 
extension of the Closure Lid is also made of steel filled with shielding concrete to 
maximize the blockage of skyward radiation issuing from the MPC. 

5. As can be seen from the drawings in Section 1.5, the Closure Lid is substantially 
larger in diameter than the CEC and the MPC is positioned to be at a significant 
vertical depth below the top of the Container Flange. These geometric provisions 
ensure that the Closure Lid will not fall into the MPC storage cavity space and strike 
the MPC if it were accidentally dropped during its handling. Because the Closure Lid 
is the only removable heavy load, the carefully engineered design features to facilitate 
recovery from its accidental drop provide added assurance that a handling accident at 
the ISFSI will not lead to radiological release. This additional measure against 
accidental Closure Lid drop does not replace the drop prevention features mandated 
in this FSAR on heavy load lifting devices (such as the cask transporter) that have 
been a standard and established requirement in the HI-STORM dockets. 
 

c. The ISFSI Pad: 

The ISFSI Pad serves to augment shielding, to provide a sufficiently stiff riding surface for the 
cask transporter, to act as a barrier against gravity-induced seepage of rain or floodwater around 
the VVM body as well as to shield against a missile. The ISFSI pad is a monolithic reinforced 
concrete structure that provides the load bearing surface for the cask transporter. The portion of 
the ISFSI pad adjacent to the VVM is slightly sloped and thicker than the rest of the ISFSI pad to 
ensure that rain water will be directed away from the VVM.  The appropriate requirements on 
the structural strength of the ISFSI pad and the applicable industry code are specified in Chapter 
2. 
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d. The Support Foundation Pad:  

The Support Foundation Pad (SFP) is the underground pad which supports the HI-STORM 
UMAX ISFSI.  The SFP on which the VVM rests must be designed to minimize long-term 
settlement. The SFP and the under-grade must have sufficient strength to support the weight of 
all the loaded VVMs during long-term storage and earthquake conditions. As the weight of the 
loaded VVM is comparable to the weight of the subgrade which it replaces, the additional 
pressure acting on the SFP is quite small. The appropriate requirements on the structural strength 
of the SFP and the applicable industry code are specified in Chapter 2. 

 

e. The Subgrade and Under-grade:  

The lateral space between each CEC, the SFP and the ISFSI pad is referred to as the subgrade 
and is filled with a Controlled Low-Strength Material (CLSM). Alternatively, “lean concrete” 
may also be used. 

CLSM is a self-compacted, cementitious material used primarily as a backfill in place of 
compacted fill. ACI 229R-99 notes several terms, such as flowable fill, unshrinkable fill, 
controlled density fill, flowable mortar, flowable fly ash, fly ash slurry, plastic soil-cement and 
soil-cement slurry to describe CLSMs. ACI 116R-00 defines lean concrete as a material with low 
cementitious content. CLSM and lean concrete are also referred to as “Self-hardening 
Engineered Subgrade” (SES). 

The subgrade material must meet the shear velocity and density requirements in Chapter 2. The 
space below the SFP is referred to as the under-grade. 

As discussed in Chapters 3 and 8 corrosion mitigation measures commensurate with site-specific 
conditions are implemented on the below grade external surfaces of the CEC. 

 

f. The Enclosure Wall:  

The Enclosure Wall is an optional structure which may be utilized to mitigate groundwater 
intrusion at sites with a high water table. 

Analyses in Chapter 3 show that the Self-hardening Engineered Subgrade (SES) provides a 
stable lateral support system to the ISFSI under the Design Basis Earthquake. In the absence of 
an Enclosure wall, the interface between the SES and the native subgrade defines the radiation 
protection boundary of the ISFSI. As stated in the Technical Specification and demonstrated by 
the seismic analysis in  Chapter 3 of this FSAR, excavation of the sub-grade adjacent to the 
interface of an operating storage system is permitted but only down to the top of the Support 
Foundation pad elevation.  
 
1.2.3 Design Characteristics of the HI-STORM UMAX VVM 
The minimum depth of the storage cavity is governed by the height of the MPC stored. The 
nominal gap between the top of the MPC and the bottom of the Closure Lid is specified in the 
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licensing drawing.  All Holtec MPC models certified for storage in Docket 72-1032 can be stored 
in HI-STORM UMAX.  The difference in the MPC diameters is accommodated by different 
sized MPC guides. The location of the MPC Guides on the divider shell is aligned with the 
bottom of the MPC lid. The pitch between the CEC cavities allows the Cask Transporter to 
traverse over any storage cavity and independently access any storage location. Thus, any MPC 
located in any storage cavity can be independently accessed and retrieved using an already 
certified transfer cask. 

As explained in the chapter on operations, the transfer of the MPCs into or out of the storage 
cavity will occur in an identical manner to HI-STORM 100U using a certified transfer cask. 
Screens are installed on the air inlet and outlet openings. The flue in the inlet and outlet plenum 
is equipped with a rain guard. The flue shell is lightweight and fastened to the outlet duct to 
allow easy installation and removal. 

The essential design and operational features of the HI-STORM UMAX System are: 

a. Because of its underground staging in HI-STORM UMAX, tip-over of the canister in 
storage is not possible.  

b. To exploit the biological shielding provided by the surrounding soil subgrade, the MPC is 
entirely situated well below the top-of-grade level. The open plenum above the MPC 
also acts to boost the ventilation action of the coolant air. 

c. Because the VVM is rendered into an integral part of the subgrade, it cannot be 
translocated to another ISFSI site. It also cannot be lifted and, therefore, is not subject to 
the potential for a handling accident. 

d. Removal of water from the bottom of the storage cavity can be carried out by the simple 
expedient use of a flexible hose inserted through the air inlet or outlet passageways. 

e. As discussed in Section 3.4, all practical efforts are made to coat exposed surfaces of the 
VVM with proven low VOC and/or ANSI/NSF Standard 61 [1.2.1] compliant surface 
preservatives to preclude toxicological effects on the environment to the maximum 
reasonable extent. 

 

1.2.3.1 Shielding Materials 
Steel, concrete, and the subgrade are the principal shielding materials in the HI-STORM UMAX. 
The steel and concrete shielding materials in the Closure lid provide additional gamma and 
neutron attenuation to reduce dose rates. 

Steel, lead, and water are the principal shielding materials in the HI-TRAC transfer cask. The 
combination of these three shielding materials ensures that the radiation and exposure objectives 
of 10CFR72.106 and ALARA are met. The extent and location of shielding in the transfer cask 
plays an important role in minimizing the personnel doses during loading, handling, and transfer.  

The MPC fuel basket structure provides the initial attenuation of gamma and neutron radiation 
emitted by the radioactive contents. The MPC shell, baseplate, and thick lid provide additional 
gamma attenuation to reduce direct radiation. 
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1.2.3.1.1 Neutron Absorber – Metamic HT 
 

Metamic-HT is the designated neutron absorber in the HI-STORM FW MPC baskets. It is also 
the structural material of the basket. The properties of Metamic-HT and key characteristics, 
necessary for ensuring nuclear reactivity control, thermal, and structural performance of the 
basket, are presented in Metamic-HT Sourcebook [1.2.4]. 

 

1.2.3.1.2 Neutron Shielding 

The HI-TRAC transfer cask is equipped with a water jacket providing radial neutron shielding. 
The water in the water jacket may be fortified with ethylene glycol to prevent freezing under low 
temperature operations [1.2.3]. 

During certain evolutions in the short term handling operations, the MPC may contain water 
which will supplement neutron shielding. 

 

1.2.3.1.3 Gamma Shielding 

In the HI-TRAC transfer cask, the primary gamma shielding is provided by lead. As in the 
storage overpack, carbon steel supplements the lead gamma shielding of the HI-TRAC transfer 
cask. 

In the MPC, the gamma shielding is provided by its stainless steel enclosure vessel (including a 
thick lid); and its aluminum based fuel basket and aluminum alloy basket shims. 
 
1.2.3.2 Lifting Devices 
Lifting and handling devices used to load or unload an MPC into the HI-STORM UMAX VVM 
shall be designed  per Section 1.2.1 of the HI-STORM FW FSAR (placed in this docket). 

The lifting and handling of all heavy loads that are within Part 72 jurisdiction, such as the 
Closure Lid, to be carried out using single failure proof (see definition in the Glossary) 
equipment with below-the-hook lifting devices that comply with the stress limits of ANSI N14.6 
[1.2.2] and/or slings designed as single failure proof to render an uncontrolled lowering of the 
Lid a non-credible event.  

 

1.2.3.3 Threaded Anchor Locations 
Threaded anchor locations (TALs) are provided in the CEC Flange region of each CEC.  These 
will serve as the anchoring location for the device used for MPC transfer (see Chapter 9). The 
TALs serve no function during long term storage. 

 

1.2.3.4 Design Life 
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The design life of the HI-STORM UMAX System is 60 years. This is accomplished by using 
materials of construction with a long proven history in the nuclear industry, specifying materials 
known to withstand their operating environments with little to no degradation (see Chapter 8), 
and protecting material from corrosion by using appropriate mitigation measures.  

A maintenance program, as specified in Chapter 10, is also implemented to ensure that the 
service life will exceed the design life. The design considerations that assure the HI-STORM 
UMAX System performs as designed include the following: 

 

HI-STORM UMAX VVM and HI-TRAC Transfer Cask 

a. Exposure to Environmental Effects 

b. Material Degradation 

c. Maintenance and Inspection Provisions 

 

MPCs 

a. Corrosion 
b. Structural Fatigue Effects 
c. Maintenance of Helium Atmosphere 
d. Allowable Fuel Cladding Temperatures 
e. Neutron Absorber Boron Depletion 

 

The adequacy of the materials for the designated design life is discussed in Chapter 8. 

 

1.2.4 Operational Characteristics of the HI-STORM UMAX 
Fuel loading operations, MPC preparation, and requirements during the use of the transfer cask 
are described in the HI-STORM FW Final Safety Analysis Report.  The HI-TRAC transfer cask 
is used for on-site transport of the loaded MPC from the Fuel Building to the ISFSI. Prior to 
loading the VVM, the Closure Lid or other temporary lid is removed and a suitable device which 
will connect the transfer cask to the CEC is installed. The cask transporter carrying the transfer 
cask with the loaded MPC aligns over the top of the CEC and the transfer cask is connected.  The 
MPC inside the transfer cask is lifted slightly by the cask transporter to allow the transfer cask 
pool lid to be removed. The MPC is slowly lowered into the VVM cavity below. The transfer 
equipment is removed and the Closure Lid is installed. The principal operational characteristics 
of short term operations at an ISFSI are: 

a. The MPC is kept in the vertical configuration at all times during handling operations. 
This eliminates the handling risk of down-ending or upending and maintains the thermal 
performance of the MPC (which is somewhat dependent on its orientation) undisturbed. 

b. The vertical insertion (or withdrawal) of the MPC eliminates the risk of gouging or 
binding of the MPC with the CEC parts. 
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c. The HI-TRAC transfer cask is mounted on the VVM cavity (with an interposed Mating 
Device) with large fasteners that are sized to protect the transfer cask from tip over under 
the site’s DBE. 

d. All load handling operations are carried out using the Vertical Cask Transporter (VCT) or 
an equivalent crane that is single failure proof. 

Details of the generic operational steps involving either installation or removal of the loaded 
MPC at a HI-STORM UMAX ISFSI are provided in Chapter 9 along with reference to certain 
recommended safety measures that are known from experience to avert human performance 
errors. A visual depiction of the required operational steps is also provided in Chapter 9. 

 

1.2.4.1   Design Features 
The design features of the HI-STORM UMAX System are intended to meet the following 
principal performance characteristics under all credible modes of operation: 

a. Prevent unacceptable release of contained radioactive material at all times. 

b. Minimize occupational and site boundary dose. 

c. Permit retrievability of contents (fuel must be retrievable from the MPC under normal 
and off-normal conditions in accordance with ISG-2 and the MPC only must be 
recoverable after accident conditions in accordance with ISG-3). 

Chapter 11 identifies the many design features built into the HI-STORM UMAX System to 
minimize dose and maximize personnel safety. Among the design features intrinsic to the system 
that facilitate meeting the above objectives are: 

a. The loaded MPC is always maintained in a vertical orientation during its handling at the 
ISFSI and is handled using an ANSI N14.6 compliant lift cleats. 

b. The height of the HI-STORM UMAX cavity is minimized consistent with the length of 
the MPCs to optimize the depth of excavation needed to establish the ISFSI. 

c. Almost all personnel activities during MPC transfer occur at ground level which helps 
promote safety and ALARA. 

 

1.2.4.2   Identification of Subjects for Safety and Reliability Analysis 
1.2.4.2.1 Criticality Prevention 

Criticality is controlled by geometry and neutron absorbing materials in the fuel basket. The 
entire basket is made of Metamic-HT, a uniform dispersoid of boron carbide and nano-particles 
of alumina in an aluminum matrix, serves as the neutron absorber. This accrues four major safety 
and reliability advantages: 

(i) The larger B-10 areal density in the Metamic-HT allows higher enriched fuel (i.e., BWR 
fuel with planar average initial enrichments greater than 4.5 wt% U-235) without relying 
on gadolinium or burn-up credit. 

(ii) The neutron absorber cannot be removed from the basket or displaced within it. 
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(iii) Axial movement of the fuel with respect to the basket has no reactivity consequence 
because the entire length of the basket contains the B-10 isotope. 

(iv) The larger B-10 areal density in the Metamic-HT reduces the reliance on soluble boron 
credit during loading/unloading of PWR fuel. 

 

1.2.4.1.2 Chemical Safety 

There are no chemical safety hazards associated with operations of the HI-STORM UMAX 
System. A detailed evaluation is provided in Section 3.4. 

1.2.4.2.3 Operation Shutdown Modes 

The HI-STORM UMAX System is totally passive and consequently, operation shutdown modes 
are unnecessary.  

1.2.4.2.4 Instrumentation 

As stated earlier, the HI-STORM UMAX MPC, which is seal welded, non-destructively 
examined, and pressure tested, confines the radioactive contents. The HI-STORM UMAX is a 
completely passive system with appropriate margins of safety; therefore, it is not necessary to 
deploy any instrumentation to monitor the cask in the storage mode.  

1.2.4.2.5 Maintenance Technique 

Because of its passive nature, the HI-STORM UMAX System requires minimal maintenance 
over its lifetime. No special maintenance program is required. Chapter 10 describes the 
maintenance program set forth for the HI-STORM UMAX System. 

 

1.2.5 Cask Contents 
This sub-section contains information on the cask contents pursuant to 10 CFR72, paragraphs 
72.2(a)(1),(b) and 72.236(a),(c),(h),(m). 

The HI-STORM UMAX System is designed to house both BWR and PWR spent nuclear fuel 
assemblies. Table 1.2.3 provides key system data and parameters for the MPCs. A description of 
acceptable fuel assemblies for storage in the MPCs is provided in Section 2.1. This includes fuel 
assemblies classified as damaged fuel assemblies and fuel debris in accordance with the 
definitions of these terms in the Glossary. All fuel assemblies, non-fuel hardware, and neutron 
sources authorized for packaging in the MPCs must meet the fuel specifications provided in 
Section 2.1. All fuel assemblies classified as damaged fuel or fuel debris must be stored in 
damaged fuel containers (DFC). 

As shown in Figure 2.1.7 (MPC-37) and Figure 2.1.8 (MPC-89), each storage location is 
assigned an associated cell identification number. A DFC can be stored in the outer peripheral 
locations of both MPC-37 and MPC-89 as shown in Figures 2.1.1 and 2.1.2, respectively. The 
permissible heat loads for each cell, and the total canister are given in Tables 2.1.8 and 2.1.9 for 
MPC-37 and MPC-89, respectively. 
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Table 1.2.1 

 

MULTI-PURPOSE CANISTER MODELS GEOMETRICALLY COMPATIBLE FOR 
STORAGE IN HI-STORM UMAX 

USNRC Docket Number MPC Model I.D.(Note 1) 

72-1014 

MPC-32/32F 

MPC-24 

MPC-24E/24EF 

MPC-68/68FF 

MPC-68F 

MPC-68M 

72-1032 
MPC-37 

MPC-89 

 

 

Note 1: This issue of the FSAR seeks certification of only MPC-89 and MPC-37, termed as 
“licensing basis canisters” for HI-STORM UMAX. The analyses performed on other MPCs are 
for reference purposes only.
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Table 1.2.2 

 

HI-TRAC MODELS IN HI-STORM DOCKETS CORRESPONDING TO THE MPCs IN 
TABLE 1.2.1  

USNRC Docket Number Model ID (Note 1) 

72-1014 

HI-TRAC 100 

HI-TRAC 100D 

HI-TRAC 125 

HI-TRAC 125D 

72-1032 HI-TRAC VW 

 

Note 1: This issue of the FSAR seeks certification of only MPC-89 and MPC-37, termed as 
“licensing basis canisters” for HI-STORM UMAX. The analyses performed on other MPCs are 
for reference purposes only. 
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Table 1.2.3 

 

KEY SYSTEM DATA FOR HI-STORM UMAX SYSTEM 

 ITEM  QUANTITY  NOTES 

Types of MPCs  2 
1 for PWR 

1 for BWR 

MPC storage capacity†: MPC-37 Up to 37 undamaged ZR clad 
PWR fuel assemblies with or 
without non-fuel hardware. 
Up to 12 damaged fuel 
containers containing PWR 
damaged fuel and/or fuel 
debris may be stored in the 
locations denoted in Figure 
2.1.1 with the remaining 
basket cells containing 
undamaged fuel assemblies, 
up to a total of 37. 

MPC storage capacity†: MPC-89 Up to 89 undamaged ZR clad 
BWR fuel assemblies. Up to 
16 damaged fuel containers 
containing BWR damaged 
fuel and/or fuel debris may 
be stored in locations denoted 
in Figure 2.1.2 with the 
remaining basket cells 
containing undamaged fuel 
assemblies, up to a total of 
89. 

  

                                                 
† See Chapter 2 for a complete description of authorized cask contents and fuel 

specifications. 
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[PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 
2.390] 

 

 

 

 

 

 

 

 

 

Figure 1.2.1 – Key Constituent Parts of a HI-STORM UMAX VVM 
Note: The design features of the HI-STORM UMAX System are the exclusive intellectual property of Holtec 
International under U.S. and international patent right laws. Minor details of the HI-STORM UMAX depicted here 
may vary slightly from the licensing drawings in Section 1.5.  This figure is for illustrative purposes only. 
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[PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 
2.390] 

 

 

 

Figure 1.2.2 – HI-STORM UMAX VVM Shown within the ISFSI Structure 
Note: The design features of the HI-STORM UMAX System are the exclusive intellectual property of Holtec 
International under U.S. and international patent right laws. Minor details of the HI-STORM UMAX depicted here 
may vary slightly from the licensing drawings in Section 1.5. This figure is for illustrative purposes only. 
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1.3 IDENTIFICATION OF AGENTS AND CONTRACTORS 
This section contains the necessary information to fulfill the requirements pertaining to the 
qualifications of the applicant pursuant to 10 CFR72.2(a)(1),(b) and 72.230(a). Holtec 
International, based in Marlton, NJ, is the system designer and applicant for certification of the 
HI-STORM UMAX system. 

Holtec International is an engineering technology company with a principal focus on the power 
industry. Holtec International Nuclear Power Division (NPD) specializes in spent fuel storage 
technologies. NPD has carried out turnkey wet storage capacity expansions (engineering, 
licensing, fabrication, removal of existing racks, performance of underwater modifications, 
volume reduction of the old racks and hardware, installation of new racks, and commissioning of 
the fuel pool for increased storage capacity) in numerous nuclear plants around the world. Over 
90 plants in the U.S., Britain, Brazil, Korea, Mexico, China and Taiwan have utilized the 
Company’s wet storage technology to establish their state-of-the-art in-pool storage capacities. 

Holtec’s NPD is also a turnkey provider of dry storage and transportation technologies to nuclear 
plants around the globe. The company is contracted by over 45 nuclear units in the U.S. to 
provide the company’s vertical ventilated dry storage technology. Utilities in China, Korea, 
Spain, Ukraine, the United Kingdom and Switzerland are also active users of Holtec 
International’s dry storage and transport systems. 

Four U.S. commercial plants, namely, Dresden Unit 1, Trojan, Indian Point Unit 1, and 
Humboldt Bay have thus far been completely defueled using Holtec International’s technology. 
For many of its dry storage clients, Holtec International provides all phases of dry storage 
including: the required site-specific safety evaluations; ancillary designs; manufacturing of all 
capital equipment; preparation of site construction procedures; personnel training; dry runs; and 
fuel loading. The USNRC dockets in parts 71 and 72 currently maintained by the Company are 
listed in Table 1.3.1. 

Holtec International's corporate engineering consists of professional engineers and experts with 
extensive experience in every discipline germane to the fuel storage technologies, namely 
structural mechanics, heat transfer, computational fluid dynamics, and nuclear physics. Virtually 
all engineering analyses for Holtec's fuel storage projects (including HI-STORM UMAX) are 
carried out by the company’s full-time staff. The Company is actively engaged in a continuous 
improvement program of the state-of-the-art in dry storage and transport of spent nuclear fuel. 
The active patents and patent applications in the areas of dry storage and transport of SNF held 
by the Company (ca. January 2012) are listed in Table 1.3.2. Table 1.3.3 lists Holtec patents on 
dry storage technologies that have been published by the US patent office (as of Jan .2012) but 
not yet granted. Many of these listed patents have been utilized in the design of the HI-STORM 
UMAX System. 

Holtec International's quality assurance (QA) program was originally developed to meet NRC 
requirements delineated in 10CFR50 [1.3.1], Appendix B, and was expanded to include 
provisions of 10CFR71 [1.3.2], Subpart H, and 10CFR72, Subpart G, for structures, systems, and 
components designated as important to safety. The Holtec quality assurance program, which 
satisfies all 18 criteria in 10CFR72, Subpart G, that apply to the design, fabrication, construction, 
testing, operation, modification, and decommissioning of structures, systems, and components 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001109

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 61 of 301
(1133 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

1-33 
 

important to safety is incorporated by reference into this FSAR. Holtec International’s QA 
program has been certified by the USNRC (Certificate No. 71-0784). 

The HI-STORM UMAX System will be fabricated by the Holtec International Manufacturing 
Division (HMD) located in Pittsburgh, Pennsylvania with subcontract services from the 
Company’s smaller plants in other parts of the country, namely Nanotec Metals Division (NMD) 
in Lakeland, FL and Orrvilon in Orrville, Ohio. HMD is a long-term ASME N-Stamp holder and 
fabricator of nuclear components. In particular, HMD has been manufacturing HI-STORM and 
HI-STAR system components since the inception of Holtec International’s dry storage and 
transportation program in the 1990s. HMD routinely manufactures ASME code components for 
use in the U.S. and overseas nuclear plants. Holtec International’s engineering organization, 
based in Marlton, NJ and the HMD subsidiary in Pittsburgh, PA have been subject to triennial 
inspections by the USNRC. If another fabricator is to be used for the fabrication of any part of 
the HI-STORM UMAX System, the proposed fabricator will be evaluated and audited in 
accordance with Holtec International’s QA program approved by the USNRC. 

Holtec International’s Nuclear Power Division (NPD) also carries out site services for dry 
storage deployments at nuclear power plants. Several nuclear plants, such as Trojan and 
Waterford 3 (both completed) and Comanche Peak (ongoing, ca. January 2012) have deployed 
dry storage at their sites using a turnkey contract with Holtec International. 
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Table 1.3.1 

 

USNRC DOCKETS ASSIGNED TO HOLTEC INTERNATIONAL 

System Name Docket Number 

HI-STORM 100 (Storage) 72-1014 

HI-STAR 100 (Storage) 72-1008 

HI-STAR 100 (Transportation) 71-9261 

HI-STAR 180 (Transportation) 71-9325 

HI-STAR 60 (Transportation) 71-9336 

Holtec Quality Assurance Program 71-0784 

HI-STORM FW (Storage) 72-1032 

HI-STORM  UMAX                     72-1040 

 

 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001111

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 63 of 301
(1135 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

1-35 
 

 
 

Table 1.3.2 
DRY STORAGE AND TRANSPORT PATENTS HELD BY HOLTEC INTERNATIONAL 

Item 
No. 

Colloquial Name of the Patent USPTO Patent 
Number 

1. Honeycomb Fuel Basket  5,898,747 
2. Radiation Absorbing Refractory Composition (METAMIC) 5,965,829 
3. HI-STORM 100S Overpack 6,064,710 
4. Extrusion Fabrication Process for Discontinuous Carbide Particulate 

Metal Matrix Composites and Super Hypereutectic 
A1/S1(METAMIC-CLASSIC) 

6,042,779 

5. Duct Photon Attenuator 6,519,307B1 
6. HI-TRAC Operation 6,587,536B1 
7. Cask Mating Device (Hermetically Sealable Transfer Cask) 6,625,246B1 
8. Improved Ventilator Overpack 6,718,000B2 
9. Below Grade Transfer Facility 6,793,450B2 
10. HERMIT (Seismic Cask Stabilization Device) 6,848,223B2 
11. Cask Mating Device ( operation) 6,853,697 
12. Davit Crane 6,957,942B2 
13. Duct-Fed Underground HI-STORM 7,068,748B2 
14. Forced Helium Dehydrator (design) 7,096,600B2 
15. Below Grade Cask Transfer Facility 7,139,358B2 
16. Forced Gas Flow Canister Dehydration 

(alternate embodiment) 
7,210,247B2 

17. HI-TRAC Operation (Maximizing Radiation Shielding During Cask 
Transfer Procedures) 

7,330,525 

18. HI-STORM 100U 7,330,526B2 
19. Flood Resistant HI-STORM  7,590,213B1 
20. HI-STORM 100M (Underground Manifolded module assembly) 7,676,016B2 
21. Dew Point Temperature Based Canister Dehydration 7,707,741B2 
22. Optimized Weight Transfer Cask with Detachable Shielding 7,786,456B2 
23. VESCAP (Apparatus, System, and Method for Facilitating Transfer 

of High Level Radioactive Waste to and/or From a Pool 
7,820,870B2 

24. HI-STORM 100F (Counter-flow Underground Vertical Ventilated 
Module) 

7,933,374B2 

25. Apparatus for Transporting and/or Storing Radioactive Materials 
Having Jacket Adapted to Facilitate Thermo-siphon Fluid Flow 

7,994,380B2 

26. Method of Removing Radioactive Materials from Submerged State 
and/or Preparing Spent Nuclear Fuel for Dry Storage 

8,067,659B2 

27. HI-STORM 100US 8,098,790B1 
28. Canister Apparatus and Basket for Transporting, Storing and/or 

Supporting Spent Nuclear Fuel(Double Wall Canister) 
8,135,107B2 
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Table 1.3.3  
 

HOLTEC INTERNATIONAL PENDING PATENTS ON FUEL  STORAGE 

  
Title 

 
Submittal 

Date 

USPTO 
FILE 

NUMBER 

 

1. System And Method For The Ventilated Storage Of High Level 
Radioactive Waste In A Clustered Arrangement(HIC-Storm) 

22-Dec-08 12340948 US20090159550 
 

2. System And Method For Preparing A Container Loaded With Wet 
Radioactive Elements For Dry Storage(Inter-Unit Transfer) 

22-Dec-08 12342022 US20090158614 
 

3. Apparatus And Method For Supporting Fuel Assemblies In An 
Underwater Environment Having Lateral Access Loading 

31-Mar-10 12751717 US20100232563 
 

4. Neutron Shielding Ring, Apparatus And Method Using The Same 
For Storing High Level Radioactive Waste (HI-STAR 180) 

02-Jul-07 11772581 US20080084958 
 
 

5. Fuel Basket Spacer, Apparatus And Method Using The Same For 
Storing High Level Radioactive Waste  (HI-STAR 180) 

02-Jul-07 11772620 US20080031397 
 

6. Spent Fuel Basket, Apparatus And Method Using The Same For 
Storing High Level Radioactive Waste  (HI-STAR 180) 

02-Jul-07 11772610 US20080031396 
 

7. Method And Apparatus For Dehydrating High Level Waste Based 
On Dew Point Temperature Measurements (FGD) 

18-Dec-09 12641378 US20100212182 
 

8. System And Method For Storing Spent Nuclear Fuel Having 
Manifolded Underground Vertical Ventilated Module (100M) 

19-Feb-10 12709094 US20100150297 
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Table 1.3.3  
 

HOLTEC INTERNATIONAL PENDING PATENTS ON FUEL  STORAGE 

  
Title 

 
Submittal 

Date 

USPTO 
FILE 

NUMBER 

 

9. Cask Apparatus, System And Method For Transporting And/Or 
Storing High Level Waste (HI-SAFE) 

28-Apr-10 12769622 US20100272225 
 

10. Spent Fuel Basket For Storing High Level Radioactive Waste 
(HEXCOMB Racks)  

29-Oct-08 12260914 US20090175404 

11. System and Method for Reclaiming Energy from Heat Emanating 
from Spent Nuclear Fuel 

21-Apr-11 13092143 US20110286567 

12.  Method Of Storing High Level Waste (100F) 26-Apr-11 13094498 US20110255647 

13. Single-Plate Neutron Absorbing Apparatus And Method Of 
Manufacturing The Same 

23-Dec-09 12645846 US20110033019 

14. Apparatus For Storing And/Or Transporting High Level 
Radioactive Waste, And Method For Manufacturing The Same 

06-May-10 12774944 US20100284506 

15. System, Method And Apparatus For Providing Additional 
Radiation Shielding To High Level Radioactive Materials 

05-Nov-10 12940804 US20110172484 

16. Atomized Pico-scale Composite Aluminum Alloy And Method 
Thereof 

24-Apr-09 12312089 US20100028193 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001114

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 66 of 301
(1138 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

1-38 
 

 
1.4 GENERIC CASK ARRAYS 
An ISFSI deploying the HI-STORM UMAX System may use an unlimited number of VVM. The 
preferred embodiment of the VVM array is a rectangular configuration as illustrated in the 
licensing drawing in Section 1.5. The reference pitch (center-to-center distance between 
centerlines of adjacent CECs in the two orthogonal directions) between the VVMs is shown on 
the licensing drawing. In either or both directions, the reference pitch spacing can be adjusted by 
the site to ensure that any commercially available cask transporters can traverse the VVM arrays 
to provide autonomous access to each stored MPC. This reference pitch spacing also serves to 
provide adequate shielding around each storage cavity. 

No limit is placed on the maximum spacing between VVMs. If there are multiple VVMs in an 
ISFSI they should be founded on a continuous SFP, to the extent practicable, to enhance the 
seismic response characteristics of the ISFSI. 
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1.5 FIGURES AND DRAWINGS 
The licensing drawing for the HI-STORM UMAX System, pursuant to the requirements of 
10CFR72.24(c)(3), is provided in this section. The material list on the licensing drawing contains 
sufficient information to articulate major design features and general operational characteristics 
of “UMAX”. Further, it is intended to serve as the control information to guide the preparation of 
the documents required to manufacture the components under Holtec’s Quality Assurance 
Program.  Holtec’s Quality Assurance Program requires that the entire array of manufacturing 
documents must remain in complete conformance with the Licensing Drawing Package at all 
times.  

The MPC and HI-TRAC drawings listed below are excerpted from the HI-STORM FW docket. 

 

Drawing Package 
Number 

Description Revision 

8446 HI-STORM UMAX Canister 
Storage System 

15 

6514 HI-TRAC VW – MPC-37 9 

6799 HI-TRAC VW – MPC-89 9 

6505 MPC-37 ENCLOSURE 
VESSEL 

15 

6506 MPC-37 FUEL BASKET 12 

6512 MPC-89 ENCLOSURE 
VESSEL 

17 

6507 MPC-89 FUEL BASKET 11 

 

[PROPRIETARY DRAWINGS WITHHELD IN ACCORDANCE WITH 10 CFR 2.390] 
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CHAPTER 2: PRINCIPAL DESIGN CRITERIA 

 

2.0 OVERVIEW OF THE PRINCIPAL DESIGN CRITERIA 
2.0.1 General 
This chapter provides a systematic presentation of the loadings that must be considered for a 
complete safety evaluation of the HI-STORM UMAX System. As discussed in Chapter 1, this 
FSAR does not introduce any new MPC or transfer cask model. Rather, it envisages previously 
approved MPCs under docket 72-1032 [2.0.1] to be stored in a HI-STORM UMAX VVM. The 
drawings of the previously certified MPC-37 and MPC-89 are reproduced from the HI-STORM 
FW docket in Section 1.5 herein. Although the safety analyses of these previously certified 
MPCs are adopted from the HI-STORM FW FSAR by reference, additional safety evaluations 
are necessary to ensure that their licensed limits set forth in this CoC are not exceeded when they 
are stored in the HI-STORM UMAX VVM. Likewise, it is necessary to ensure that the licensed 
limits of the HI-TRAC VW transfer cask, certified along with the MPC-37 and MPC-89 in 
docket number 72-1032, are not exceeded when it is used to transfer the MPC at the HI-STORM 
UMAX ISFSI. 

Section 1.5 contains the Licensing drawings for the MPC-37, MPC-89 and HI-TRAC VW cask 
excerpted from the HI-STORM FW docket where it was originally certified. 

Design Criteria pertaining to the loadings and components common to the HI-STORM FW and 
the HI-STORM UMAX systems, such as the MPC and the HI-TRAC, are referenced in this 
FSAR, as appropriate, to the HI-STORM FW FSAR. To facilitate convenient access to the 
referenced material, the latest edition of the HI-STORM FW FSAR has been placed in this 
docket and a list of HI-STORM FW FSAR sections germane to this chapter is provided in a 
tabular form below.  
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  HI-STORM FW FSAR material referenced in this FSAR 

Location of 
UMAX FSAR 

Subject of the Reference Location in HI-STORM FW 
FSAR, Revision 3 

Sub-Section 2.0.1 Design Characteristics of MPC Sub-Section 1.2.1 

Sub-Section 2.0.1 Design Characteristics of HI-TRAC Paragraph 1.2.1.3 

Sub-Section 2.0.2 Structural analysis for qualifying the 
MPC closure welds 

Sub-Section 3.4.3 and sub- 
Section 3.4.4 

Sub-Section 2.0.2 MPC design analyzed for all design basis 
normal, off-normal and postulated 

accident conditions 

Sub-Sections 2.2.1, 2.2.2, and 
2.2.3 

Sub-Section 2.0.2 HI-TRAC design analyzed for all design 
basis normal, off-normal and postulated 

accident conditions 

Sub-Sections 2.2.1, 2.2.2, and 
2.2.3 

Sub-Section 2.0.3 HI-TRAC designed for off-normal 
environmental cold conditions 

Section 2.2.2 

Sub-Section 2.0.3 Evaluation of potential for brittle fracture 
in structural steel materials  

Sub-Section 3.1.2.4 and Table 
3.1.9 

Sub-Section 2.0.4 HI-TRAC accident condition- loss of 
water in the water jacket 

Sub-Section 5.1.2 

Sub-Section 2.0.5 MPC providing criticality control for all 
design basis normal, off-normal and 

postulated accident conditions 

Section 6.1 

Sub-Section 2.0.6 MPC meeting the guidance of ISG-18 Section 7.1 

Sub-Section 2.0.8 Acceptance Criteria for manufacturing of 
MPCs and HI-TRAC 

Section 10.1, Tables 10.1.1, 
10.1.3 through 10.1.8 

Sub-Section 2.0.8 

 

Maintenance Program for MPCs and HI-
TRAC 

Section 10.2,  Table 10.2.1 

Sub-Section 2.3.1 Applicable loads to MPC and HI-TRAC Tables 2.2.6, 2.2.7, 2.2.13 and 
3.1.1 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001119

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 71 of 301
(1143 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

2-3 
 

HI-STORM FW FSAR material referenced in this FSAR* 

Location of 
UMAX FSAR 

Subject of the Reference Location in HI-STORM FW 
FSAR, Revision 3 

Subsection 2.3.4 Confinement Boundary Leakage Section 7.1 

Sub-Section 2.7.2 Inspections and tests to verify integrity of 
the confinement boundary 

Sub-Section 10.1.4 

 

 

                                                 

* For convenience of reference, the specific revision of the HI-STORM FW FSAR that is referenced in the safety 
analysis herein is placed in this docket. Updated versions of the HI-STORM FW FSAR shall be placed in this 
docket as necessary so as to ensure that the safety analyses on the “UMAX” docket (72-1040) remain aligned with 
the material referenced in the HI-STORM FW FSAR. 
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The applicable design criteria for the MPC and the HI-TRAC transfer cask are based on their 
licensing bases in the HI-STORM FW docket. MPC design criteria information extracted from 
the HI-STORM FW FSAR is provided in “Arial” font throughout this chapter.  

Tables 2.0.1, et.seq. in the HI-STORM FW FSAR contain the ITS designations of the subparts of 
the MPCs and transfer cask that constitute the components of the HI-STORM UMAX system. 

The MPC is engineered for a 60 year design life, while satisfying the requirements of 
10CFR72. The adequacy of the MPC to meet the above design life is discussed in 
Section 3.4 of the HI-STORM FW FSAR. The design characteristics of the MPC are 
described in Section 1.2 of the HI-STORM FW FSAR. 
The HI-TRAC VW transfer cask is engineered for a 60 year design life. The adequacy of 
the HI-TRAC VW to meet the above design life commitment is discussed in Section 3.4 
of HI-STORM FW FSAR.  The design characteristics of the HI-TRAC VW cask are 
presented in Section 1.2 the HI-STORM FW FSAR. 
A description of the HI-STORM UMAX VVM is provided in Section 1.2. The applicable loads, 
affected parts under each loading condition, and the applicable structural acceptance criteria are 
compiled in this Chapter to provide a complete framework for the required qualifying safety 
analyses in the rest of the safety analysis report. Information consistent with the regulatory 
requirements related to shielding, thermal performance, confinement, radiological, and 
operational considerations is also provided. The licensing drawing of the HI-STORM UMAX 
VVM in Section 1.5 provides information on the necessary critical characteristics that define the 
HI-STORM UMAX system. The constituents of the HI-STORM UMAX ISFSI fall into two 
broad categories, namely: 

a. VVM components 

b. ISFSI structures 

The safety analyses address both the VVM components and the ISFSI structures.  The VVM 
components consist of: 

a. The Cavity Enclosure Container (CEC) 

b. The Divider Shell 

c. The Closure Lid 

The ISFSI Structures consist of: 

a. The Support Foundation Pad (SFP) 

b. The ISFSI Pad;  

c. The Enclosure Wall (optional) 

d. The Subgrade and Under-grade 

Figure 1.2.1 denotes the key constituent parts of the HI-STORM UMAX VVM and Figure 2.4.4 
depicts the subgrade and under-grade nomenclature for the ISFSI. The analysis basis density and 
shear wave velocities of sub-grade and under-grade spaces are given in Table 2.3.2. The spaces 
shown in Figure 2.4.4 are further explained below. 
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a. Space A is the Self-hardening Engineered Subgrade (SES) below the ISFSI Pad after the 
construction of the SFP. The candidate materials of SES include Controlled Low-
Strength Material (CLSM) and lean concrete.  

b. Space B is the lateral subgrade that extends by the amount W around the ISFSI where W 
is the characteristic dimension of the ISFSI. Space A and Space B may be separated by 
an Enclosure Wall. 

c. Space C is the under-grade below the SFP and extending 100 feet down from the top of 
grade elevation. 

d. Space D is the under-grade surrounding Space C extending 100 feet down from the top of 
grade elevation. 

 

2.0.2 Structural 
 

MPC Design Criteria 

The MPC is classified as important-to-safety. The MPC structural components include 
the fuel basket and the enclosure vessel. The fuel basket is designed and fabricated to 
meet a more  stringent displacement limit under mechanical loadings than those implicit 
in the stress limits of the ASME code (see Section 2.2 of the HI-STORM FW FSAR). 
The MPC enclosure vessel is designed and fabricated as a Class 1 pressure vessel in 
accordance with Section III, Subsection NB of the ASME Code, with certain necessary 
alternatives, as discussed in Section 2.2 of the HI-STORM FW FSAR. The principal 
exception to the above Code pertains to the MPC lid, vent and drain port cover plates, 
and closure ring welds to the MPC lid and shell, as discussed in Section 2.2 of HI-
STORM FW FSAR. In addition, Threaded Anchor Locations (TALs) in the MPC lid are 
designed in accordance with the requirements of NUREG-0612 for critical lifts to 
facilitate handling of the loaded MPC. 
The MPC closure welds are partial penetration welds that are structurally qualified by 
analysis in Chapter 3 of the HI-STORM FW FSAR. The MPC lid and closure ring welds 
are inspected by performing a liquid penetrant examination in accordance with the 
drawings contained in Section 1.5. The integrity of the MPC lid-to-shell weld is further 
verified by performing a progressive liquid penetrant examination of the weld layers, and 
a Code pressure test. 
The structural analysis of the MPC, in conjunction with the redundant closures and 
nondestructive examination, pressure testing, and helium leak testing provides 
assurance of canister closure integrity in lieu of the specific weld joint configuration 
requirements of Section III, Subsection NB. 
Compliance with the ASME Code, with respect to the design and fabrication of the 
MPC, and the associated justification are discussed in Section 2.2 of the HI-STORM 
FW FSAR. The MPC design is analyzed for all design basis normal, off-normal, and 
postulated accident conditions, as defined in Section 2.2 of the HI-STORM FW FSAR.  
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The required characteristics of the fuel assemblies to be stored in the MPC are limited 
in accordance with Section 2.1 of the HI-STORM FW FSAR. 
 

HI-TRAC Design Criteria 

The HI-TRAC transfer cask includes both structural and non-structural radiation 
shielding components that are classified as important-to-safety. The structural steel 
components of the HI-TRAC are designed to meet the stress limits of Section III, 
Subsection NF, of the ASME Code for normal and off-normal storage conditions. The 
threaded anchor locations for lifting and handling of the transfer cask are designed in 
accordance with the requirements of NUREG-0612 and Regulatory Guide 3.61 for 
interfacing lift points.  
The HI-TRAC transfer cask design is analyzed for all normal, off-normal, and design 
basis accident condition loadings, as defined in Section 2.2 of the HI-STORM FW 
FSAR. Under accident conditions, the HI-TRAC transfer cask must protect the MPC 
from unacceptable deformation, provide continued shielding, and remain in a condition 
such that the MPC can be removed from it. The loads applicable to the HI-TRAC 
transfer cask are defined in Tables 2.2.6, 2.2.13 and Table 3.1.1 of the HI-STORM FW 
FSAR. The physical characteristics of each MPC for which the HI-TRAC VW is 
designed are presented in Subsection 1.2 of the HI-STORM FW FSAR. 

 

HI-STORM VVM Design Criteria 

All required information on the design bases and criteria for the VVM is compiled in this 
Chapter and fulfills the requirements of 10CFR72.24(c) (3) and 72.44(d). The VVM structure 
described in Chapter 1 is designed for all applicable normal, off-normal, extreme environmental 
phenomena, and accident condition loadings pursuant to 10CFR72.24(c), 72.122(b) and 
72.122(c). 

 

ISFSI Structure Design Criteria 

 

The SFP and the subgrade under the ISFSI pad are categorized as important-to-safety (ITS) 
structures and are included in the structural analyses in Chapter 3, and in other chapters, as 
applicable.  ACI-318 (05) [2.6.2] is specified as the reference code for the design qualification of 
the SFP and the ISFSI pad using the load combinations specified in Table 2.4.3. The seismic 
qualification of the storage system is performed in Chapter 3. 

As discussed in sub-section 1.2.2, the subgrade in Space A in Figure 2.4.4 can be made from lean 
concrete or CLSM. The required structural properties of the subgrade are provided in Tables 
2.3.2 and 3.3.4. Chapter 8 provides additional (non-structural) data on the CLSM to ensure the 
establishment of a durable structure built to meet the service life expectations for the ISFSI. 
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MATERIAL TYPES 

The material types used in the VVM are identified in Table 2.6.2. Material designations used by 
ASTM and ASME for various product forms are, however, subject to change as these material 
certifying organizations publish periodic updates of their standards. Material designations 
adopted by the International Standards Organization (ISO) also affect the type of steels and steel 
alloys available from suppliers around the world. Therefore, it is necessary to provide for the 
ability to substitute materials with equivalent materials in the manufacture of the equipment.  

The term Equivalent Material* has a specific meaning in this FSAR (and other FSARs in 
Holtec dockets listed in Table 1.2.1). Equivalent materials are those that can be 
substituted for each other without adversely affecting the safety function of the SSC 
(system, structure, and component) in which the substitution is made. 
The equivalence of materials is directly tied to the notion of critical characteristics. A 
critical characteristic of a material is a property whose value must be specified and 
controlled to ensure an SSC will render its intended function. The numerical value of the 
critical characteristic invariably enters in the safety evaluation of an SSC and therefore 
its range must be guaranteed. To ensure that the safety calculation is not adversely 
affected, material properties such as Yield Strength, Ultimate Strength and Elongation 
must be specified as minimum guaranteed values in VVM Components. However, there 
are certain properties where both minimum and maximum acceptable values are 
required. In this category lies specific gravity and thermal expansion coefficient for the 
VVM components. 
Table 2.6.3 lists the array of material properties typically required in safety evaluation of an SSC 
in dry storage and transport applications. The required value of each applicable property, guided 
by the safety evaluation defines the critical characteristics of the material. The subset of 
applicable properties for a material depends on the role played by the material. The role of a 
material in the SSC is divided into three category types, namely structural, thermal, and radiation 
compliance. The material properties listed in Table 2.6.4 are the ones that apply to the VVM 
components.  

To summarize, the following procedure shall be used to establish acceptable equivalent 
materials for a particular application. 
Criterion i:  Functional Adequacy: 

 Evaluate the guaranteed critical characteristics of the equivalent material 
 against the values required to be used in safety evaluations. The required 
 values of each critical characteristic must be met by the minimum (or 
 maximum) guaranteed values (MGVs of the selected material). 

Criterion ii: Chemical and Environmental Compliance: 

                                                 
* This text matter on Equivalent Materials is adapted from previously approved FSARs [2.0.1, 2.6.3]. 
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 Perform the necessary evaluations and analyses to ensure the candidate 
 material will not excessively corrode or otherwise degrade in the operating 
 environment. 

A material from another designation regime that meets Criteria (i) and (ii) above is 
deemed to be an acceptable material, and hence, equivalent to the candidate material. 
For ITS materials, recourse to equivalent materials shall be made only in the 
extenuating circumstances where the designated material is not readily available. 
As can be ascertained from its definition in the glossary, the critical characteristics of the 
material used in a subcomponent depend on its function. The Closure Lid, for example, serves as 
a shielding device and as a physical barrier to protect the MPC against loadings under all service 
conditions, including the Extreme Environmental phenomena. Therefore, the critical 
characteristics of steel used in the lid are its strength (yield and ultimate), ductility, and fracture 
resistance. 

The appropriate critical characteristics for structural components of the VVM, therefore, are: 

a. Material yield strength, σy 

b. Material ultimate strength, σu 

c. Elongation, ε 

d. Charpy impact strength at the lowest service temperature for the part, Ci (unless 
exempted by other provisions in the governing code) 

Thus, the carbon steel specified in the drawing package can be substituted with different steel so 
long as each of the four above properties in the replacement material is equal to or greater than 
the minimum values used in the qualifying analyses. The above critical characteristics apply to 
all materials used in the structural parts of the CEC.  

In the event that one or more of the critical characteristics of the replacement material is slightly 
lower than the original material, then the use of the §72.48 process is necessary to ensure that all 
regulatory predicates for the material substitution are fully satisfied.  

In addition to the design configuration and materials of construction, the maximum magnitude of 
Design Basis Earthquake for the HI-STORM UMAX ISFSI is also specified. A non-linear time-
history solution procedure implemented on LS-DYNA is used in Chapter 3 to qualify the ISFSI 
including the storage system. This same non-linear time-history solution procedure must be used 
to perform safety evaluation under 10CFR72.212 at a host site. Likewise, the loadings from the 
extreme environmental phenomena, defined in this chapter, are considered in Chapter 3. Site 
specific loadings that deviate from those analyzed in Chapter 3 are subject to §72.212 safety 
evaluations in the manner of all HI-STORM models.  For sites where the topography of the land 
results in an inclined or otherwise uneven top surface of the sub-grade girdling the ISFSI pad, the 
ISFSI owner, at his option, may require a site specific soil-structure interaction analysis to be 
performed as an input to the site’s 10CFR72.212 safety evaluation.  The seismic event selected 
for the SSI analysis may be the Design Basis Earthquake or another (more severe) earthquake 
deemed to be more appropriate or bounding by the ISFSI owner and the analysis methodology 
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shall be implemented on LS-DYNA approved in this FSAR.  The safety criteria set forth in this 
FSAR and the applicable Technical Specification shall be met. 

To serve their intended functions, the CEC and Closure Lid shall ensure physical protection, 
biological shielding, and allow the retrieval of the MPC under all conditions of storage (10 CFR 
72.122(l)). Because the VVM is an in-ground structure, drops and tip-over of the VVM are not 
credible events and, therefore, do not warrant analysis. The load cases germane to establishing 
the structural adequacy of the VVM pursuant to 10 CFR 72.24(c) are compiled in Table 2.4.1. 
The physical characteristics of the MPC intended for storage in the VVM are presented in 
Chapter 1. 

The design bases and criteria provided in this Chapter are intended to quantify the safety margins 
in the VVM design with respect to all applicable loadings that follow from the provisions of 
10CFR72.24(c)(3), §72.122(b) and §72.122(c).  

 

2.0.3 Thermal 
 

 MPC Design Criteria 

The thermal design and operation of the MPC in the HI-STORM UMAX System meets 
the intent of the review guidance contained in ISG-11, Revision 3 [2.4.6]. Specifically, 
the ISG-11 provisions that are explicitly invoked and satisfied are: 

i.  The thermal acceptance criteria for all commercial spent fuel (CSF) authorized 
by the USNRC for operation in a commercial reactor are unified into one set of 
requirements.  

ii. The maximum value of the calculated temperature for all CSF under long-term 
normal conditions of storage must remain below 400ºC (752ºF). For short-term 
operations, including canister drying, helium backfill, and on-site cask transport 
operations, the fuel cladding temperature must not exceed 400ºC (752ºF) for 
high burnup fuel (HBF) and 570ºC (1058ºF) for moderate burnup fuel. 

iii.  The maximum fuel cladding temperature as a result of an off-normal or accident 
event must not exceed 570ºC (1058ºF). 

iv. For HBF, operating restrictions are imposed to limit the maximum temperature 
excursion during short-term operations to 65ºC (117ºF) and the number of 
excursions to less than 10. 

To achieve compliance with the above criteria, certain design and operational changes 
are necessary, as summarized below. 

i The peak fuel cladding temperature limit (PCT) for long term storage operations 
and short term operations is generally set at 400ºC (752ºF). However, for MPCs 
containing all moderate burnup fuel, the fuel cladding temperature limit for short-
term operations is set at 570ºC (1058ºF) because the nominal fuel cladding 
stress is shown to be less than 90 MPa [2.0.2]. Appropriate analyses have been 
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performed as discussed in Chapter 4 and operating restrictions have been added 
to ensure these limits are met.  

ii. A method of drying, such as forced helium dehydration (FHD) is used if the 
above temperature limits for short-term operations cannot be met. 

iii. The off-normal and accident condition PCT limit remains unchanged at 570ºC 
(1058ºF).  

The MPC cavity is dried, either with FHD or vacuum drying, and then it is backfilled with 
high purity helium to promote heat transfer and prevent cladding degradation. 
The normal condition design temperatures for the stainless steel components in the 
MPC are provided in Table 2.3.7.  
Each MPC model allows for regionalized storage where every storage location is identified by a 
unique number as shown in Figures 2.1.7 and 2.1.8. The permissible storage cell heat load limits 
and total design heat load limits are presented in Tables 2.1.8 and 2.1.9 for MPC-37 and MPC-
89, respectively. The decay heat loads in Tables 2.1.8 and 2.1.9 are a result of CoC restrictions 
limiting the permissible aggregate heat load† to 80% of the design basis heat load limits. This 
limit on the aggregate decay heat will compensate for the uncertainties associated with the 
modeling and application errors, which will be determined by validating the analysis methods. 
Due to lack of experimental data to validate the thermal analysis, a thermal test described in 
Section 10.3 will be performed which will be used to benchmark the CFD thermal model 
developed in Chapter 4. Specific requirements, such as approved locations for DFCs and 
non-fuel hardware are given in Section 2.1. 
 

HI-TRAC Design Criteria 

The allowable temperatures for the HI-TRAC transfer cask structural steel components 
are based on the maximum temperature for material properties and allowable stress 
values provided in Section II of the ASME Code. The allowable temperatures for the 
structural steel and shielding components of the HI-TRAC are provided in Table 2.3.7. 
The HI-TRAC is designed for off-normal environmental cold conditions, as discussed in 
Subsection 2.2.2 of the HI-STORM FW FSAR. The evaluation of the potential for brittle 
fracture in structural steel materials is presented in Section 3.1 of the HI-STORM FW 
FSAR.  
The HI-TRAC is designed and evaluated for the maximum heat load analyzed for 
storage operations. The maximum allowable temperature of water in the HI-TRAC 
jacket is a function of the internal pressure. To preclude over- pressurization of the 
water jacket due to boiling of the neutron shield liquid (water), the maximum 
temperature of the water is restricted to be less than the saturation temperature at the 
shell design pressure. Even though the analysis shows that the water jacket will not 
over-pressurize, a relief device is placed at the top of the water jacket shell.  In addition, 
the water is precluded from freezing during off-normal cold conditions by limiting the 
                                                 
† The aggregate heat load is defined as the sum of heat loads of all stored fuel assemblies.  
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minimum allowable operating temperature and by adding ethylene glycol. The thermal 
characteristics of the fuel for each MPC for which the transfer cask is designed are 
defined in Section 2.1. The working area ambient temperature limit for loading 
operations is limited in accordance with Table 2.3.6.  
 

HI-STORM VVM Design Criteria 

The HI-STORM VVM rejects heat from the stored MPCs by delivering cool ambient air to the 
annular space around the MPC. The ambient air undergoes progressive heating and reduction in 
density as it rises in the cylindrical space surrounding the MPC through convective heat transfer 
with the MPC shell, and exits the cell through the vertical flue mounted on the central region of 
the closure lid. The storage cavities have a constant out flow of air which will tend to retard the 
deposition of air borne particulates and debris in the storage space. The accumulated solids can 
be vacuumed out of the storage cavity by standard means. As shown in Chapter 4, the VVMs are 
designed to reject the maximum allowable heat load as defined below in a reliable and testable 
manner consistent with its important-to-safety designation (10CFR72.128(a)(4)). The VVM is 
designed for extreme cold conditions. The safety of structural steel material used for the VVM 
from brittle fracture is discussed in Chapter 8. 

 

2.0.4 Shielding 
The HI-TRAC transfer cask provides shielding to maintain occupational exposures 
ALARA in accordance with 10CFR20, while also maintaining the maximum load on the 
plant's crane hook below the rated capacity of the crane. As discussed in Subsection 
1.2.1 of the HI-STORM FW FSAR, the shielding in HI-TRAC is maximized within the 
constraint of  the allowable weight at a plant site. The HI-TRAC calculated dose rates 
for a set of reference conditions are reported in Section 5.1 of HI-STORM FW FSAR. 
These dose rates are used to perform a generic occupational exposure estimate for 
MPC loading, closure, and transfer operations, as described in Chapter 11 of the HI-
STORM FW FSAR. A postulated HI-TRAC accident condition, which includes the loss 
of the liquid neutron shield (water), is also evaluated in Chapter 5 of the HI-STORM FW 
FSAR.   

 The annular area between the MPC outer surface and the HI-TRAC inner surface 
 can be isolated to minimize the potential for surface contamination of the MPC by spent 
 fuel pool water during wet loading operations. The HI-TRAC surfaces expected to 
 require decontamination are coated with a suitable coating. The maximum permissible 
 surface contamination for the HI-TRAC is in accordance with plant-specific 
 procedures and ALARA requirements (discussed in Chapter 11 of the HI-STORM FW 
 FSAR). 

The off-site dose for normal operating conditions to any real individual beyond the controlled 
area boundary is limited by 10CFR72.104(a) to a maximum of 25 mrem/year whole body, 75 
mrem/year thyroid, and 25 mrem/year for other critical organs, including contributions from all 
nuclear fuel cycle operations. Since these limits are dependent on plant operations as well as on 
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site-specific conditions (e.g., the ISFSI design and proximity to the controlled area boundary, 
and the number and arrangement of loaded storage casks at the ISFSI), the determination and 
comparison of ISFSI doses to these limits are necessarily site-specific. Dose rates from the HI-
STORM UMAX System are provided in Chapter 5. The determination of site-specific ISFSI 
dose rates at the site boundary and demonstration of compliance with regulatory limits is to be 
performed by the licensee for the specific VVM array in accordance with 10CFR72.212. 

The HI-STORM UMAX VVM is designed to limit the dose rates for all MPCs to ALARA 
values. The VVM is also designed to maintain occupational exposures ALARA during MPC 
transfer operations, in accordance with 10CFR20. The underground location of the VVMs 
significantly reduces the radiation from the ISFSI at the site boundary compared to an 
aboveground cask. The calculated VVM dose rates, including dose rates during site construction 
next to an operating ISFSI, are discussed in Chapter 5.  

 

2.0.5 Criticality 
 The MPC provides criticality control for all design basis normal, off-normal, and 
 postulated accident conditions, as discussed in Section 6.1 of the HI-STORM FW 
 FSAR. The effective neutron multiplication factor is limited to keff < 0.95 for fresh 
 (unirradiated) fuel with optimum water moderation with due consideration of all 
 biases, uncertainties, and manufacturing tolerances. 
 Criticality control is maintained by the geometric spacing of the fuel assemblies and the  
 spatially distributed B-10 isotope in the Metamic-HT fuel basket, and for the PWR MPC 
 model, the additional soluble boron in the MPC water. The minimum specified boron 
 concentration in the purchasing specification for Metamic-HT must be met in every lot of 
 the material manufactured. The guaranteed B-10 value in the neutron absorber, 
 assured by the manufacturing process, is further reduced by 10% (90% credit is taken 
 for the Metamic-HT) to accord with NUREG/CR-5661.  No credit is taken for fuel burnup 
 or integral poisons such as gadolinia in BWR fuel. The soluble boron concentration 
 requirements (for PWR fuel only) based on the initial enrichment of  the fuel assemblies 
 are delineated in Section 2.1 consistent with the criticality analysis described in 
 Chapter 6 of the HI-STORM FW FSAR [2.0.1]. 

The HI-STORM UMAX VVM does not perform any criticality control function. The MPCs 
provide criticality control for all design basis normal, off-normal and postulated accident 
conditions.  

 

2.0.6 Confinement 
 The MPC provides for confinement of all radioactive materials for all design basis 
 normal, off-normal, and postulated accident conditions. As discussed in Chapter 7 of the 
 HI-STORM FW, MPC design meets the guidance in the Interim Staff Guidance (ISG)-
 18 so that leakage of radiological matter from the confinement boundary is non-credible. 
 Therefore, no confinement dose analysis is required or performed. The confinement 
 function of the MPC is verified through pressure testing, helium leak testing, and a 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001129

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 81 of 301
(1153 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

2-13 
 

 rigorous weld examination regimen executed in accordance with the acceptance test 
 program in Chapter 10 of the HI-STORM FW FSAR. 

The HI-TRAC transfer cask does not perform any confinement function. The HI-TRAC 
provides physical protection and radiation shielding of the MPC contents during MPC 
loading, unloading, and transfer operations.  
The VVM does not perform any confinement function. Confinement during storage is provided 
by the MPC and is addressed  above. 

 

2.0.7 Operations 
 There are no radioactive effluents that result from storage of transfer operations. 
 Effluents generated during MPC fuel loading are handled by the plant’s radioactive 
 waste system and procedures.  

The cask operations unique to  the HI-STORM UMAX (and common with the HI-STORM 100U 
in the HI-STORM 100 docket) begin with the arrival of the loaded transfer cask at the HI-
STORM UMAX ISFSI. The cask transporter is typically used to move the loaded transfer cask to 
the ISFSI and to transfer the MPC into the VVM cavities. Generic operating procedures for the 
HI-STORM UMAX System are provided in Chapter 9. Detailed operating procedures will be 
developed by the licensee using the information provided in Chapter 9 along with the site-
specific requirements that comply with the 10CFR50 Technical Specifications for the plan, and 
applicable Certificate(s) of Compliance (CoC). 

The following overarching requirements apply to all SSCs used in the HI-STORM UMAX 
operations: 

a. All threaded parts shall have provisions to prevent rust build up.   
b. All rigging components shall be inspected for visible indications of damage or degradation 

prior to use.  
c. All ancillaries used in heavy load handling shall comply with the brittle fracture criteria 

set down for cask components in this FSAR. 
 

2.0.8 Acceptance Tests and Maintenance 
 The acceptance criteria and maintenance program to be applied to the MPC are 
 described in  Chapter 10 of the HI-STORM FW FSAR. The operational controls and 
 limits to be applied to the MPC are discussed in Chapter 13. Application of these 
 requirements will assure that the MPC is fabricated, operated, and maintained in a 
 manner that satisfies the design criteria defined in this chapter. 

The acceptance criteria and maintenance program to be applied to the HI-TRAC 
Transfer Cask are described in Chapter 10 of the HI-STORM FW FSAR. The 
operational controls and limits to be applied to the HI-TRAC are contained in Chapter 
13. Application of these requirements will assure that the HI-TRAC is fabricated, 
operated, and maintained in a manner that satisfies the design criteria given in this 
chapter. 
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The fabrication acceptance bases and maintenance program to be applied to the VVMs are 
described in Chapter 10. Application of these requirements will assure that the VVMs are 
fabricated and maintained in a manner that satisfies all applicable  design criteria.  

 

2.0.9 Decommissioning 
 The MPC is designed to be transportable in a HI-STAR overpack and is not required to 
 be unloaded prior to shipment off-site.  

Decommissioning considerations for the HI-STORM UMAX System including HI-TRAC are 
addressed in Section 2.11. 

  

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001131

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 83 of 301
(1155 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

2-15 
 

Table 2.0.1 – MPC-37 Enclosure Vessel (Drawing # 6505) 

Item Number* Part Name ITS QA Safety 
Category 

1 Shell, Enclosure Vessel A 

2 Plate, Enclosure Vessel Base A 

3 Plate, Enclosure Vessel Lift Lug C 

4 Plate, Enclosure Vessel Upper Lid A 

5 Plate, Enclosure Vessel Lower Lid B 

6 Ring, Enclosure Vessel Closure A 

7 Block, Enclosure Vessel Vent/Drain Upper B 

8 Port, Enclosure Vessel Vent/Drain C 

9 Plug, Enclosure Vessel Vent/Drain C 

10 Block, Enclosure Vessel Lower Drain C 

12 Block, Enclosure Vessel Vent Shielding C 

13 Plate, Enclosure Vessel Vent/Drain Port Cover A 

16 Purge Tool Port Plug C 

21 Shim, Enclosure Vessel Type 1 PWR Fuel 
Basket 

C 

22 Shim, Enclosure Vessel Type 2 PWR Fuel 
Basket 

C 

 
*Item Numbers are non-consecutive because they are consistent with Parts List on 
drawing. 
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Table 2.0.2 – Assembly, MPC-37 Fuel Basket (Drawing # 6506) 

Item Number Part Name ITS QA Safety 
Category 

1 Panel, Type 1 Cell Wall A 

2 Panel, Type 2 Cell Wall A 

3 Panel, Type 3 Cell Wall A 

4 Panel, Type 4 Cell Wall A 

5 Panel, Type 5 Cell Wall A 

6 Panel, Type 6 Cell Wall A 
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Table 2.0.3 – Assembly, MPC-89 Fuel Basket (Drawing # 6507) 

Item Number Part Name ITS QA Safety 
Category 

1 Panel, Type 1 Cell Wall A 

2 Panel, Type 2 Cell Wall A 

3 Panel, Type 3 Cell Wall A 

4 Panel, Type 4 Cell Wall A 

5 Panel, Type 5 Cell Wall A 

6 Panel, Type 6 Cell Wall A 

7 Panel, Type 7 Cell Wall A 

8 Panel, Type 8 Cell Wall A 
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Table 2.0.4 – MPC-89 Enclosure Vessel (Drawing # 6512) 

Item Number* Part Name ITS QA Safety 
Category 

1 Shell, Enclosure Vessel A 

2 Plate, Enclosure Vessel Base A 

3 Plate, Enclosure Vessel Lift Lug C 

4 Plate, Enclosure Vessel Upper Lid A 

5 Plate, Enclosure Vessel Lower Lid B 

6 Ring, Enclosure Vessel Closure A 

7 Block, Enclosure Vessel Vent/Drain Upper B 

8 Port, Enclosure Vessel Vent/Drain C 

9 Plug, Enclosure Vessel Vent/Drain C 

10 Block, Enclosure Vessel Lower Drain C 

12 Block, Enclosure Vessel Vent Shielding C 

13 Plate, Enclosure Vessel Vent/Drain Port Cover A 

16 Purge Tool Port Plug C 

21 Shim, Enclosure Vessel Type 1 BWR Fuel 
Basket 

C 

22 Shim, Enclosure Vessel Type 2 BWR Fuel 
Basket 

C 

23 Shim, Enclosure Vessel Type 3 BWR Fuel 
Basket 

C 

 
 
*Item Numbers are non-consecutive because they are consistent with Parts List on 
drawing. 
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Table 2.0.5 – HI-TRAC VW – MPC-37  (Drawing # 6514) 

Item Number* Part Name ITS QA Safety 
Category 

1 Flange, Bottom B 

3 Hex Bolt, 2-4 ½ UNC X 6” LG. B 

4 Shell, Inner B 

5 Shielding, Gamma B 

6 Flange, Top A 

7 Shell, Water Jacket B 

10 Pipe, Bolt Recess B 

11 Cap, Bolt Recess B 

12 Bottom Lid B 

13 Shell, Outer B 

14 Rib, Extended B 

15 Rib, Short B 

 
*Item Numbers are non-consecutive because they are consistent with Parts List on 
drawing. 
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Table 2.0.6 – HI-TRAC VW – MPC-89  (Drawing # 6799) 

Item Number* Part Name ITS QA Safety 
Category 

1 Flange, Bottom B 

3 Hex Bolt, 2-4 ½ UNC X 6” LG. B 

4 Shell, Inner B 

5 Shielding, Gamma B 

6 Flange, Top A 

7 Shell, Water Jacket B 

10 Pipe, Bolt Recess B 

11 Cap, Bolt Recess B 

12 Bottom Lid B 

13 Shell, Outer B 

14 Rib, Extended B 

15 Rib, Short B 

 
*Item Numbers are non-consecutive because they are consistent with Parts List on 
drawing. 
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2.1 SPENT FUEL TO BE STORED AND SERVICE LIMITS 
 

2.1.1  Determination of the Design Basis Fuel 
A central object in the design of the HI-STORM UMAX System is to ensure that all SNF 
discharged from the U.S. reactors can be stored in the HI-STORM UMAX MPC upon 
meeting the burn up, cooling time and content conditions requirements set forth in this 
FSAR. Publications such as references [2.1.1] and [2.1.2] provide a comprehensive 
description of fuel discharged from U.S. reactors.  
The cell openings in the fuel baskets have been sized to accommodate BWR and PWR 
assemblies. The cavity length of the MPC will be determined for a specific site to accord 
with the fuel assembly length used at that site, including non-fuel hardware and 
damaged fuel containers, as applicable.  
Table 2.1.1 summarizes the authorized contents for the HI-STORM UMAX System. 
Tables 2.1.2  and 2.1.3, which are referenced in Table 2.1.1, provide the fuel 
characteristics of all groups of fuel assembly types determined to be acceptable for 
storage in the HI-STORM UMAX System. Any fuel assembly that has fuel 
characteristics within the range of Tables 2.1.2 and 2.1.3 and meets the other limits 
specified in Table 2.1.1 is acceptable for storage in the HI-STORM UMAX System. The 
groups of fuel assembly types presented in Tables 2.1.2 and 2.1.3 are defined as 
“array/classes” as described in further detail in Chapter 6 of HI-STORM FW FSAR. 
Table 2.1.4 lists the BWR and PWR fuel assembly designs which are found to govern 
for three qualification criteria, namely reactivity, shielding, and thermal, or that are used 
as reference assembly design is those analyses. Additional information on the design 
basis fuel definition is presented in the following subsections. 
 
2.1.2  Undamaged SNF Specifications 
Undamaged fuel is defined in the Glossary.  

 
2.1.3    Damaged SNF and Fuel Debris Specifications 
Damaged fuel and fuel debris are defined in the Glossary. 
Damaged fuel assemblies and fuel debris will be loaded into damaged fuel containers 
(DFCs) (Figure 2.1.6) that have mesh screens on the top and bottom. The DFC will 
have a removable lid to allow the fuel assembly to be inserted.  In storage, the lid will be 
latched in place.  DFC’s used to move fuel assemblies will be designed for lifting with 
either the lid installed or with a separate handling lid. DFC’s used to handle fuel and the 
associated lifting tools will designed in accordance with the requirements of NUREG-
0612. The DFC will be fabricated from structural aluminum or stainless steel. The 
appropriate structural, thermal, shielding, criticality, and confinement evaluations have 
been performed to account for damaged fuel and fuel debris and are described in their 
respective chapters that follow. The limiting design characteristics for damaged fuel 
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assemblies and restrictions on the number and location of damaged fuel containers 
authorized for loading in each MPC model are provided in this chapter. 
 
2.1.4 Structural Parameters for Design Basis SNF 
The main physical parameters of an SNF assembly applicable to the structural 
evaluation are the fuel assembly length, cross sectional dimensions, and weight. These 
parameters, which define the mechanical and structural design, are specified in 
Subsection 2.1.8. An appropriate axial clearance is provided to prevent interference due 
to the irradiation and thermal growth of the fuel assemblies.  

 
2.1.5 Thermal Parameters for Design Basis SNF 
The principal thermal design parameter for the stored fuel is the fuel’s peak cladding 
temperature (PCT) which is a function of the maximum decay heat per assembly and 
the decay heat removal capabilities of the HI-STORM UMAX System.   
To ensure the permissible PCT limits are not exceeded, Subsection 2.1.9 specifies the 
maximum allowable decay heat per assembly for each MPC model.  
The fuel cladding temperature is also affected by the heat transfer characteristics of the 
fuel assemblies. The design basis fuel assembly for thermal calculations for both PWR 
and BWR fuel is provided in Table 2.1.4. 
Finally, the axial variation in the heat generation rate in the design basis fuel assembly 
is defined based on the axial burnup distribution. For this purpose, the data provided in 
references [2.1.3] and [2.1.4] are utilized and summarized in Table 2.1.5 and Figures 
2.1.3 and 2.1.4. These distributions are representative of fuel assemblies with the 
design basis burnup levels considered. These distributions are used for analyses only, 
and do not provide a criteria for fuel assembly acceptability for storage in the HI-
STORM UMAX System.  
 
2.1.6  Radiological Parameters for Design Basis SNF 
The principal radiological design criteria for the HI-STORM UMAX System are the 
10CFR72 §104 and §106 operator-controlled boundary dose rate limits, and the 
requirement to maintain operational dose rates as low as reasonably achievable 
(ALARA). The radiation dose is directly affected by the gamma and neutron source 
terms of the assembly, which is a function of the assembly type, and the burnup, 
enrichment and cooling time of the assemblies. Dose rates are further directly affected 
by the size and arrangement of the ISFSI, and the specifics of the loading operations. 
All these parameters are site-dependent, and the compliance with the regulatory dose 
rate requirements are performed in site-specific calculations. The evaluations here are 
therefore performed with reference fuel assemblies, and with parameters that result in 
reasonably conservative dose rates. The reference assemblies given in Table 1.0.4 of 
the HI-STORM FW FSAR are the predominant assemblies used in the industry. 
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The design basis dose rates can be met by a variety of burnup levels and cooling times. 
Table 2.1.1 provides the acceptable ranges of burnup, enrichment and cooling time for 
all of the authorized fuel assembly array/classes. Table 2.1.5 and Figures 2.1.3 and 
2.1.4 provide the axial distribution for the radiological source terms for PWR and BWR 
fuel assemblies based on the axial burnup distribution. The axial burnup distributions 
are representative of fuel assemblies with the design basis burnup levels considered. 
These distributions are used for analyses only, and do not provide a criteria for fuel 
assembly acceptability for storage in the HI-STORM UMAX System. 
Non-fuel hardware, as defined in the Glossary, has been evaluated and is also 
authorized for storage in the PWR MPCs as specified in Table 2.1.1.  
 
2.1.7  Criticality Parameters for Design Basis SNF 
The criticality analyses for the MPC-37 are performed with credit taken for soluble boron 
in the MPC water during wet loading and unloading operations. Table 2.1.6 provides the 
required soluble boron concentrations for this MPC.  
 
2.1.8  Summary of Authorized Contents 
Tables 2.1.1 through 2.1.3 specify the limits for spent fuel and non-fuel hardware 
authorized for storage in the HI-STORM FW System. The limits in these tables are 
derived from the safety analyses described in the following chapters of this FSAR.  

 
2.1.9  Permissible Heat Load for MPC-37 and MPC-89  
MPC-89 (BWR) and MPC-37 (PWR) canisters are previously licensed in Docket 72-1032 for 
storage of spent fuel and are permitted for storage in HI-STORM UMAX with permissible heat 
loads as specified in Table 2.1.7. As shown in Figures 2.1.7 and 2.1.8 for MPC-37 and MPC-89 
respectively, each storage location is associated with a unique cell identification number. The 
permissible heat loads for each cell in the canister for storage in the HI-STORM UMAX VVM 
are given in Figure 2.1.19 and Figures 2.1.12 through 2.1.18 for MPC-89 and MPC-37 
respectively. The permissible aggregate heat load for storage in MPC-37 and MPC-89 are 
provided in Tables 2.1.8 and 2.1.9 respectively. 
 
2.1.10  Permissible Heat Load for MPC-24, MPC-32 and MPC-68   
The authorized heat loads in the HI-STORM 100 docket for the MPCs certified for storage in the 
HI-STORM 100 will be used to determine the acceptability of storing them in HI-STORM 
UMAX. These analyses will be performed to characterize the thermal behavior of the “UMAX” 
system; they are not intended to secure certification of the MPCs in docket # 72-1014 at this 
time.   

Regionalized loading of SNF in two regions are permitted in MPC-24, MPC-32 and MPC-68 
models. The definition of the two regions for each MPC model is provided in Table 2.1.10. The 
inner region (Region 1) and the outer region (Region 2), shown in Figures 2.1.9, 2.1.10 and 
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2.1.11 for different MPC types have maximum permitted specific heat loads denoted by  q1 and 
q2, respectively. The maximum permitted values of q1 and q2 are related through the ratio X,  

where,  

 X = q1/q2. 

The special case where q1 and q2 are equal (X= 1) is referred to as “uniform storage”. Table 
2.1.11 provides the maximum allowable decay heat per fuel storage location for ZR-clad fuel in 
a uniform fuel loading pattern for each MPC. (Regionalized fuel loading is not permitted in 
MPC-68F.) The following procedure is specified in Docket # 72-1014 to determine q1 and q2 for 
any chosen value of X: 

(i) Choose a value of X in the permissible range (0.5 < X < 3)  

(ii) Calculate q2 using the following equation: 

 ( ) ( )21
2 1

2
nXnX

Q
q y

d

+××+
×

=   

where: 
 y = 0.23/X0.1 

q2 = Maximum allowable decay heat per fuel storage location in Region 2 (kW) 
 Qd= Maximum uniform storage MPC decay heat (34 kW)  
 X = Ratio of q1 to q2 chosen in Step (i) 
 n1 = Number of fuel storage locations in Region 1 from Table 2.1.10 
 n2 = Number of fuel storage locations in Region 2 from Table 2.1.10 

(iii) Calculate q1 using the following equation: 

 21 qXq ×=   

Additional details of maximum allowable heat load per fuel storage location are provided in 
Section 2.1.9.1 of the HI-STORM 100 FSAR [2.6.3]. 
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Table 2.1.1* 
 

MATERIAL TO BE STORED 
PARAMETER  

VALUE (Note 1) 
 

MPC-37 
 

MPC-89 

Fuel Type Uranium oxide undamaged 
fuel assemblies, damaged 
fuel assemblies, and fuel 
debris meeting the limits in 
Table 2.1.2 for the 
applicable array/class. 

Uranium oxide undamaged 
fuel assemblies, damaged fuel 
assemblies, with or without 
channels, fuel debris meeting 
the limits in Table 2.1.3 for the 
applicable array/class. 

Cladding Type ZR (see Glossary for 
definition) 

ZR (see Glossary for definition) 

Maximum Initial Rod 
Enrichment  

Depending on soluble 
boron levels and assembly 
array/class as specified in 
Table 2.1.6 

≤ 5.0 wt. % U-235 
 

Post-irradiation cooling 
time and average burnup 
per assembly 

Minimum Cooling Time: 3 
years 
 
Maximum Assembly 
Average Burnup: 68.2 
GWd/mtU 

Minimum Cooling Time: 3 
years 
 
Maximum Assembly Average 
Burnup: 65 GWd/mtU 

                                                 
* The text matter in the  “arial” font is excerpted from the HI-STORM FW FSAR with minor editorial 
changes ,as appropriate 
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Table 2.1.1* 
 

MATERIAL TO BE STORED 
PARAMETER  

VALUE (Note 1) 
 

MPC-37 
 

MPC-89 

Non-fuel hardware post-
irradiation cooling time 
and burnup 

Minimum Cooling Time: 3 
years 
 
Maximum Burnup†: 
- BPRAs, WABAs and 
vibration suppressors: 60 
GWd/mtU 

- TPDs, NSAs, APSRs, 
RCCAs, CRAs, CEAs, 
water displacement guide 
tube plugs and orifice rod 
assemblies: 630 
GWd/mtU 

- ITTRs: not applicable 

N/A 

Decay heat per fuel 
storage location 

Regionalized Loading: See 
Table 2.1.8  

Regionalized Loading: See 
Table 2.1.9 

Fuel Assembly Nominal 
Length (in.) 

Minimum: 157 (with NFH) 
Reference: 167.2 (with 
NFH) 
Maximum: 199.2 (with 
NFH and DFC) 

Minimum: 171 
Reference: 176.5 
Maximum: 181.5 (with DFC) 

Fuel Assembly Width 
(in.) 

≤ 8.54  (nominal design) ≤ 5.95  (nominal design) 

                                                 
† Burnups for non-fuel hardware are to be determined based on the burnup and uranium mass of the fuel 
assemblies in which the component was inserted during reactor operation.  Burnup not applicable for 
ITTRs since installed post-irradiation. 
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Table 2.1.1* 
 

MATERIAL TO BE STORED 
PARAMETER  

VALUE (Note 1) 
 

MPC-37 
 

MPC-89 

 
Fuel Assembly Weight 
(lb) 

 
 
Reference: 
1600 (without NFH) 
1750 (with NFH), 
1850 (with NFH and DFC) 
Maximum: 
2050 (including NFH and 
DFC) [NFH means Non-
Fuel Hardware] 

 
 
Reference: 
750 (without DFC), 
850 (with DFC) 
 
Maximum: 
850 (including DFC) 
 
[DFC means Damaged Fuel 
Canister] 
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Table 2.1.1* 
 

MATERIAL TO BE STORED 
PARAMETER  

VALUE (Note 1) 
 

MPC-37 
 

MPC-89 

Other Limitations  Quantity is limited to 37 
undamaged ZR clad 
PWR fuel assemblies 
with or without non-fuel 
hardware. Up to 12 
damaged fuel 
containers containing 
PWR damaged fuel 
and/or fuel debris may 
be stored in the 
locations denoted in 
Figure 2.1.1 with the 
remaining basket cells 
containing undamaged 
ZR fuel assemblies, up 
to a total of 37. 

 One NSA. 
 Up to 30 BPRAs. 
 BPRAs, TPDs, 

WABAs, water 
displacement guide 
tube plugs, orifice rod 
assemblies, and/or 
vibration suppressor 
inserts may be stored 
with fuel assemblies in 
any fuel cell location. 

 CRAs, RCCAs, CEAs, 
NSAs, and/or APSRs 
may be stored with fuel 
assemblies in fuel cell 
locations specified in 
Figure 2.1.5. 

 

Quantity is limited to 89 
undamaged ZR clad BWR fuel 
assemblies. Up to 16 damaged 
fuel containers containing 
BWR damaged fuel and/or fuel 
debris may be stored in 
locations denoted in Figure 
2.1.2 with the remaining basket 
cells containing undamaged 
ZR fuel assemblies, up to a 
total of 89. 
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Table 2.1.2 
 

 PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1) 

Fuel Assembly  
Array/ Class 

14x14 A 14x14 B 14x14 C 15x15 B 15x15 C 

No. of Fuel Rod 
Locations 179 179 176 204 204 

Fuel Clad O.D. (in.) ≥ 0.400 ≥ 0.417 ≥ 0.440 ≥ 0.420 ≥ 0.417 

Fuel Clad I.D. (in.) ≤ 0.3514 ≤ 0.3734 ≤ 0.3880 ≤ 0.3736 ≤ 0.3640 

Fuel Pellet Dia. (in.)  
(Note 3) ≤ 0.3444 ≤ 0.3659 ≤ 0.3805 ≤ 0.3671 ≤ 0.3570 

Fuel Rod Pitch (in.) ≤ 0.556 ≤ 0.556 ≤ 0.580 ≤ 0.563 ≤ 0.563 

Active Fuel Length (in.) ≤ 150 ≤ 150 ≤ 150 ≤ 150 ≤ 150 

No. of Guide and/or 
Instrument Tubes 17 17 

5  
(Note 2) 

21 21 

Guide/Instrument Tube 
Thickness (in.) ≥ 0.017 ≥ 0.017 ≥ 0.038 ≥ 0.015 ≥ 0.0165 
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Table 2.1.2 (continued) 

 
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1) 

Fuel Assembly 
Array/Class 15x15 D 15x15 E 15x15 F 15x15 H 15x15 I 

No. of Fuel Rod 
Locations 

208 208 208 208 216 

Fuel Clad O.D. (in.) ≥ 0.430 ≥ 0.428 ≥ 0.428 ≥ 0.414 ≥ 0.413 

Fuel Clad I.D. (in.) ≤ 0.3800 ≤ 0.3790 ≤ 0.3820 ≤ 0.3700 ≤ 0.3670 

Fuel Pellet Dia. (in.) 
(Note 3) 

≤ 0.3735 ≤ 0.3707 ≤ 0.3742 ≤ 0.3622 ≤ 0.3600 

Fuel Rod Pitch (in.) ≤ 0.568 ≤ 0.568 ≤ 0.568 ≤ 0.568 ≤ 0.550 

Active Fuel Length 
(in.) 

≤ 150 ≤ 150 ≤ 150 ≤ 150 ≤ 150 

No. of Guide and/or 
Instrument Tubes 

17 17 17 17 9 (Note 4) 

Guide/Instrument 
Tube Thickness 
(in.) 

≥ 0.0150 ≥ 0.0140 ≥ 0.0140 ≥ 0.0140 ≥ 0.0140 
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Table 2.1.2 (continued) 
 

 PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1) 

Fuel Assembly 
Array and Class 16x16 A 17x17A 17x17 B 17x17 C 17x17 D 17x17 E 

No. of Fuel Rod 
Locations 236 264 264 264 264 265 

Fuel Clad O.D. (in.) ≥ 0.382 ≥ 0.360 ≥ 0.372 ≥ 0.377 ≥ 0.372 ≥ 0.372 

Fuel Clad I.D. (in.) ≤ 0.3350 ≤ 0.3150 ≤ 0.3310 ≤ 0.3330 ≤ 0.3310 ≤ 0.3310 

Fuel Pellet Dia. (in.) 
(Note 3) ≤ 0.3255 ≤ 0.3088 ≤ 0.3232 ≤ 0.3252 ≤ 0.3232 ≤ 0.3232 

Fuel Rod Pitch (in.) ≤ 0.506 ≤ 0.496 ≤ 0.496 ≤ 0.502 ≤ 0.496 ≤ 0.496 

Active Fuel length 
(in.) ≤ 150 ≤ 150 ≤ 150 ≤ 150 ≤ 170 ≤ 170 

No. of Guide and/or 
Instrument Tubes 

5 (Note 
2) 25 25 25 25 24 

Guide/Instrument 
Tube Thickness 
(in.) 

≥ 0.0350 ≥ 0.016 ≥ 0.014 ≥ 0.020 ≥ 0.014 ≥ 0.014 

 
Notes: 
 
1. All dimensions are design nominal values. Maximum and minimum dimensions are 

specified to bound variations in design nominal values among fuel assemblies within 
a given array/class. 

2. Each guide tube replaces four fuel rods. 
3. Annular fuel pellets are allowed in the top and bottom 12” of the active fuel length. 
4. One Instrument Tube and eight Guide Bars (Solid ZR). 
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Table 2.1.3 
 

BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1) 

Fuel Assembly Array 
and Class 7x7 B 8x8 B 8x8 C 8x8 D 8x8 E 

Maximum Planar-
Average Initial 
Enrichment (wt.% 235U) 

< 4.8 < 4.8 < 4.8 < 4.8 < 4.8 

No. of Fuel Rod 
Locations 49 63 or 64 62 60 or 61 59 

Fuel Clad O.D. (in.) > 0.5630 > 0.4840 > 0.4830 > 0.4830 > 0.4930 

Fuel Clad I.D. (in.) < 0.4990 < 0.4295 < 0.4250 < 0.4230 < 0.4250 

Fuel Pellet Dia. (in.) < 0.4910 < 0.4195 < 0.4160 < 0.4140 < 0.4160 

Fuel Rod Pitch (in.) < 0.738 < 0.642 < 0.641 < 0.640 < 0.640 

Design Active Fuel 
Length (in.) < 150 < 150 < 150 < 150 < 150 

No. of Water Rods 
(Note 10) 

0 1 or 0 2 
1 - 4 

(Note 6) 
5 

Water Rod Thickness 
(in.) N/A > 0.034 > 0.00 > 0.00 > 0.034 

Channel Thickness (in.) < 0.120 < 0.120 < 0.120 < 0.120 < 0.100 
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Table 2.1.3 (continued) 
 

 BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1) 

Fuel Assembly Array 
and Class 8x8F 9x9 A 9x9 B 9x9 C 9x9 D 

Maximum Planar-
Average Initial 
Enrichment (wt.% 235U)  

< 4.5  
(Note 12) < 4.8 < 4.8 < 4.8 < 4.8 

No. of Fuel Rod 
Locations 64 

74/66 
(Note 4) 

72 80 79 

Fuel Clad O.D. (in.) > 0.4576 > 0.4400 > 0.4330 > 0.4230 > 0.4240 

Fuel Clad I.D. (in.) < 0.3996 < 0.3840 < 0.3810 < 0.3640 < 0.3640 

Fuel Pellet Dia. (in.) < 0.3913 < 0.3760 < 0.3740 < 0.3565 < 0.3565 

Fuel Rod Pitch (in.) < 0.609 < 0.566 < 0.572 < 0.572 < 0.572 

Design Active Fuel 
Length (in.) < 150 < 150 < 150 < 150 < 150 

No. of Water Rods 
(Note 10) 

N/A 
(Note 2) 

2 
 

1 
(Note 5) 

1 2 

Water Rod Thickness 
(in.) > 0.0315 > 0.00 > 0.00 > 0.020 > 0.0300 

Channel Thickness (in.) < 0.055 < 0.120 < 0.120 < 0.100 < 0.100 
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Table 2.1.3 (continued) 
 

BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1) 

Fuel Assembly Array 
and Class 

9x9 E 
(Note 3) 

9x9 F 
(Note 3) 

9x9 G 10x10 A 10x10 B 

Maximum Planar-Average 
Initial Enrichment (wt.% 
235U)  

< 4.5 
(Note 12) 

< 4.5 
(Note 12) < 4.8 < 4.8 < 4.8 

No. of Fuel Rod Locations 
76 76 72 

92/78 
(Note 7) 

91/83 
(Note 8) 

Fuel Clad O.D. (in.) > 0.4170 > 0.4430 > 0.4240 > 0.4040 > 0.3957 

Fuel Clad I.D. (in.) < 0.3640 < 0.3860 < 0.3640 < 0.3520 < 0.3480 

Fuel Pellet Dia. (in.) < 0.3530 < 0.3745 < 0.3565 < 0.3455 < 0.3420 

Fuel Rod Pitch (in.) < 0.572 < 0.572 < 0.572 < 0.510 < 0.510 

Design Active Fuel Length 
(in.) < 150 < 150 < 150 < 150 < 150 

No. of Water Rods 
(Note 10) 

5 5 
1 

(Note 5) 
2 

1 
(Note 5) 

Water Rod Thickness (in.) > 0.0120 > 0.0120 > 0.0320 > 0.030 > 0.00 

Channel Thickness (in.) < 0.120 < 0.120 < 0.120 < 0.120 < 0.120 
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Table 2.1.3 (continued) 

 
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1) 

Fuel Assembly Array and Class 10x10 C 10x10 F 10x10 G 

Maximum Planar-Average Initial Enrichment 
(wt.% 235U) (Note 14) 

< 4.8 

< 4.7 

(Note 13) 

< 4.6 

(Note 12) 

No. of Fuel Rod Locations 
96 

92/78 

(Note 7) 

96/84 

Fuel Clad O.D. (in.) > 0.3780 > 0.4035 > 0.387 

Fuel Clad I.D. (in.) < 0.3294 < 0.3570 < 0.340 

Fuel Pellet Dia. (in.) < 0.3224 < 0.3500 < 0.334 

Fuel Rod Pitch (in.) < 0.488 < 0.510 < 0.512 

Design Active Fuel Length (in.) < 150 < 150 < 150 

No. of Water Rods 
(Note 10) 

5 

(Note 9) 

2 
5 

(Note 9) 

Water Rod Thickness (in.) > 0.031 > 0.030 > 0.031 

Channel Thickness (in.) < 0.055 < 0.120 < 0.060 
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Table 2.1.3 (continued) 
 

BWR FUEL ASSEMBLY CHARACTERISTICS 
 
NOTES: 

 
1. All dimensions are design nominal values. Maximum and minimum dimensions 

are specified to bound variations in design nominal values among fuel 
assemblies within a given array/class. 

2. This assembly is known as “QUAD+.” It has four rectangular water cross 
segments dividing the assembly into four quadrants. 

3. For the SPC 9x9-5 fuel assembly, each fuel rod must meet either the 9x9E or the 
9x9F set of limits or clad O.D., clad I.D., and pellet diameter. 

4.  This assembly class contains 74 total rods; 66 full length rods and 8 partial 
length rods. 

5.  Square, replacing nine fuel rods. 
6.   Variable. 
7.   This assembly contains 92 total fuel rods; 78 full length rods and 14 partial length 

rods. 
8.   This assembly class contains 91 total fuel rods; 83 full length rods and 8 partial 

length rods. 
9. One diamond-shaped water rod replacing the four center fuel rods and four 

rectangular water rods dividing the assembly into four quadrants. 
10. These rods may also be sealed at both ends and contain ZR material in lieu of   
 water. 
11. Not Used 
12. Fuel assemblies classified as damaged fuel assemblies are limited to 4.0 wt.% 
 U-235. 
13. Fuel assemblies classified as damaged fuel assemblies are limited to 4.6 wt.% 
 U-235. 
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Table 2.1.4 
 

DESIGN BASIS FUEL ASSEMBLY FOR EACH DESIGN CRITERION 

Criterion BWR PWR 

Reactivity/Criticality GE-12/14 10x10  
(Array/Class 10x10A) 

Westinghouse 17x17 OFA 
(Array/Class 17x17B) 

Shielding GE-12/14 10x10 Westinghouse 17x17 OFA 

Thermal-Hydraulic GE-12/14 10x10 Westinghouse 17x17 OFA 
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Table 2.1.5 
NORMALIZED DISTRIBUTION BASED ON BURNUP PROFILE 

PWR DISTRIBUTION1 

Interval 
Axial Distance From Bottom of Active Fuel 

(% of Active Fuel Length) 
Normalized 
Distribution 

1 0% to 4-1/6% 0.5485 

2 4-1/6% to 8-1/3% 0.8477 

3 8-1/3% to 16-2/3% 1.0770 

4 16-2/3% to 33-1/3% 1.1050 

5 33-1/3% to 50% 1.0980 

6 50% to 66-2/3% 1.0790 

7 66-2/3% to 83-1/3% 1.0501 

8 83-1/3% to 91-2/3% 0.9604 

9 91-2/3% to 95-5/6% 0.7338 

10 95-5/6% to 100% 0.4670 

 
  

                                                 
1 Reference 2.1.7 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001155

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 107 of 301
(1179 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

2-39 
 

Table 2.1.5 (continued) 
NORMALIZED DISTRIBUTION BASED ON BURNUP PROFILE 

BWR DISTRIBUTION2 

Interval 
Axial Distance From Bottom of Active Fuel 

(% of Active Fuel Length) 
Normalized 
Distribution 

1 0% to 4-1/6% 0.2200 

2 4-1/6% to 8-1/3% 0.7600 

3 8-1/3% to 16-2/3% 1.0350 

4 16-2/3% to 33-1/3% 1.1675 

5 33-1/3% to 50% 1.1950 

6 50% to 66-2/3% 1.1625 

7 66-2/3% to 83-1/3% 1.0725 

8 83-1/3% to 91-2/3% 0.8650 

9 91-2/3% to 95-5/6% 0.6200 

10 95-5/6% to 100% 0.2200 

  

                                                 
2 Reference 2.1.8 
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Table 2.1.6 
 

Soluble Boron Requirements for MPC-37 Wet Loading and Unloading Operations 
 

Array/Class All Undamaged Fuel 
Assemblies 

One or More Damaged Fuel 
Assemblies and/or Fuel Debris 

Maximum Initial 
Enrichment 

< 4.0 wt% 235U 
(ppmb) 

Maximum 
Initial 

Enrichment  
5.0 wt% 

235U 
(ppmb) 

Maximum Initial 
Enrichment 

< 4.0 wt% 235U 
(ppmb) 

Maximum 
Initial 

Enrichment  
5.0 wt% 235U 

(ppmb) 

All 14x14 and 
16x16A 

1,000 1,500 1,300 1,800 

All 15x15 and 
17x17 

1,500 2,000 1,800 2,300 

 
 

 
Note: 
1. For maximum initial enrichments between 4.0 wt% and 5.0 wt% 235U, the minimum 

soluble boron concentration may be determined by linear interpolation between the 
minimum soluble boron concentrations at 4.0 wt% and 5.0 wt% 235U. 
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Table 2.1.7 
 

ALLOWABLE HEAT LOAD FOR MPCS ANALYZED* FOR STORAGE  IN THE HI-
STORM UMAX CANISTER STORAGE SYSTEM 

MPC Type Docket Number Permissible Heat Load 
All 72-1014 36.9 kWNote 2 

MPC-89 72-1032 See Table 2.1.9 
MPC-37 72-1032 

See Table 2.1.8 

Short Fuel:   128 inches < L < 144 inches 
 
Standard Fuel:  144 inches < L < 168 inches 
 
Long Fuel:   L > 168 inches (Note 1) 

Notes:  
 

1. L means "nominal active fuel length". The nominal, unirradiated active fuel length of the 
PWR fuel assembly is used to designate it as “short”, “standard” and “long”. 

2. The maximum allowable heat load for MPCs from Docket 72-1014 is specified in 
supporting CoC amendments 5 to 9.  

 
*This issue of the FSAR seeks certification of only MPC-89 and MPC-37, termed as “governing 
canisters” in HI-STORM UMAX. The analysis performed on other MPCs is for reference 
purposes only. 
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TABLE 2.1.8 
 

HI-STORM UMAX MPC-37 PERMISSIBLE HEAT LOADS 

Fuel Type (see 
Table 2.1.7 for 

length data) 
Description 

Helium 
Backfill 
Pressure 
Option 

(Notes 2) 

Heat Load per 
Storage Cell (Note 

3) 

Permissible Aggregate 
Heat Load (Note 1), 

kW 

Short Fuel  

Heat Load Chart 1 1 Figure 2.1.12 33.88 

Heat Load Chart 2 2 Figure 2.1.14 33.70 

Heat Load Chart 3 1 Figure 2.1.16 33.53 

Standard Fuel  

Heat Load Chart 1 1 Figure 2.1.12 33.88 

Heat Load Chart 2 2 Figure 2.1.14 33.70 

Heat Load Chart 3 1 Figure 2.1.17 35.30 

Long Fuel  

Heat Load Chart 1 1 Figure 2.1.13 35.76 

Heat Load Chart 2 2 Figure 2.1.15 35.57 

Heat Load Chart 3 1 Figure 2.1.18 37.06 

Short Fuel  

Sub-Design Heat 
Load 

3 Figure 2.1.19 34.28 

Threshold Heat 
Load 

3 Figure 2.1.21 33.46 

Standard Fuel  

Sub-Design Heat 
Load 

3 Figure 2.1.19 34.28 

Threshold Heat 
Load 

3 Figure 2.1.21 33.46 

Long Fuel  

Sub-Design Heat 
Load 

3 Figure 2.1.20 36.19 

Threshold Heat 
Load 

3 Figure 2.1.21 33.46 

Note 1:  The aggregate heat load is defined as a sum of all stored fuel assemblies. Thermal 
evaluations in Chapter 4 are performed with maximum per storage cell heat load in all locations.  
However, the CoC restricts the permissible aggregate heat load to the value specified in this table.  
Note 2: The helium backfill range is in Table 4.4.6.   
Note 3: Decay heat limits must be met for all contents in a fuel storage location (i.e., fuel and non-
fuel hardware, as applicable). 
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TABLE 2.1.9 
 

HI-STORM UMAX MPC-89 PERMISSIBLE HEAT LOAD 

Permissible Heat Load  
per Storage Cell 

Helium Backfill 
Pressure Option 

(Note 2) 

Permissible Aggregate 
Heat Load (Note 1), kW 

Figure 2.1.22 1 36.32 
Figure 2.1.23 2 36.72 
Figure 2.1.24 2 34.75 

Note 1:  The aggregate heat load is defined as a sum of all stored fuel assemblies. 
Thermal evaluations in Chapter 4 are performed with maximum per storage cell heat 
load in all locations.  However, the CoC restricts the permissible aggregate heat load to 
the value specified in this table..  
Note 2: The helium backfill range is in Table 4.4.6 
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Table 2.1.10 
 

MPC FUEL STORAGE REGIONS FOR MPCS LICENSED IN DOCKET 72-1014 

MPC 
Number of Storage Cells Storage Cell IDs* 

Inner Region 
(n1) 

Outer Region 
(n2) 

Inner Region Outer Region 

MPC-
24/24E/24EF 12 12 

4, 5 
8 through 11 
14 through 17 

20 and 21 

All other 
locations 

MPC-32/32F 12 20 

7, 8,  
12 through 15,  
18 through 21,  

25 and 26 

All other 
locations 

MPC-
68/68FF/68M 32 36 

11 through 14,  
18 through 23,  
27 through 32, 
37 through 42, 
46 through 51, 
55 through 58 

All other 
locations 

* See Figures 2.1.9 through 2.1.11 for storage cell numbering. 
  

 
 

Table 2.1.11 
 

HI-STORM UMAX MPC (LICENSED IN DOCKET 72-1014)  DESIGN HEAT 
EMISSION RATES FOR UNIFORM LOADING PATTERN 

MPC 
Decay Heat (kW) 

Per Intact Fuel Assembly Per MPC  

MPC-24/24E/24EF 1.416 34 

MPC-32/32F 1.062 34 

MPC-68/68FF/68M 0.5 34 
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16 17 18 19 20 21 22 

23 24 25 26 27 28 29 

 
30 31 32 33 34 

 

  

  
35 36 37 

  

    

 

 
Figure 2.1.1 Location of DFCs for Damaged Fuel or Fuel Debris 

in the MPC-37(Shaded Cells) 
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Figure 2.1.2 Location of DFCs for Damaged Fuel or Fuel Debris  
in the MPC-89 (Shaded Cells)
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Figure 2.1.3 PWR Axial Burnup Profile with Normalized Distribution 
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Figure 2.1.4 BWR Axial Burnup Profile with Normalized Distribution 
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Figure 2.1.5: Location of NSAs, APSRs, RCCAs, CEAs, and CRAs in the MPC-37  
(Shaded Cells) 
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[PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390] 
 
 
 
 
 
 
 
 
 

Figure 2.1.6: Damaged Fuel Container (Typical) 
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 Legend 

Cell ID 

Figure 2.1.7: Cell Identification in MPC-37 Basket 
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Legend 
 
 
 

 
Figure 2.1.8: Cell Identification in MPC-89 Basket  

 

Cell ID 
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Figure 2.1.9: MPC-24/24E/24EF Cell Identification 
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Figure 2.1.10: MPC-32/32F Cell Identification 
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Figure 2.1.11: MPC-68/68F/68FF/68M Cell Identification 
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Figure 2.1.12: HI-STORM UMAX MPC-37 Heat Load Chart 1 for “Short” and  
“Standard (Reference)” Fuel 

 

(All storage cell heat loads are in kW) 

Note that this figure shows the per cell heat load limit for storage.  The total permissible 
aggregate heat load may be less than the sum of each individual cell heat load.  See Table 2.1.8 
for corresponding permissible aggregate heat load and the helium backfill option.    
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Figure 2.1.13: HI-STORM UMAX MPC-37 Heat Load Chart 1 for “Long” Fuel 
 

(All storage cell heat loads are in kW) 

Note that this figure shows the per cell heat load limit for storage.  The total permissible 
aggregate heat load may be less than the sum of each individual cell heat load.  See Table 2.1.8 
for corresponding permissible aggregate heat load and the helium backfill option.    
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Figure 2.1.14: HI-STORM UMAX MPC-37 Heat Load Chart 2 for “Short” and  
“Standard (Reference)” Fuel 

 

(All storage cell heat loads are in kW) 

Note that this figure shows the per cell heat load limit for storage.  The total permissible 
aggregate heat load may be less than the sum of each individual cell heat load.  See Table 2.1.8 
for corresponding permissible aggregate heat load and the helium backfill option.    
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Figure 2.1.15: HI-STORM UMAX MPC-37 Heat Load Chart 2 for “Long” Fuel 
 

(All storage cell heat loads are in kW) 

Note that this figure shows the per cell heat load limit for storage.  The total permissible 
aggregate heat load may be less than the sum of each individual cell heat load.  See Table 2.1.8 
for corresponding permissible aggregate heat load and the helium backfill option.    
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0.922 1.520 0.950 0.570 0.950 1.520 0.922 

0.922 1.710 0.950 0.950 0.950 1.710 0.922 

 
0.922 1.520 1.520 1.520 0.922 

 

  

  
0.922 0.922 0.922 

  

    
 

 

Figure 2.1.16: HI-STORM UMAX MPC-37 Heat Load Chart 3 for “Short” Fuel 
 

(All storage cell heat loads are in kW) 

Note that this figure shows the per cell heat load limit for storage.  The total permissible 
aggregate heat load may be less than the sum of each individual cell heat load.  See Table 2.1.8 
for corresponding permissible aggregate heat load and the helium backfill option.    
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0.970 1.800 1.000 1.000 1.000 1.800 0.970 

 
0.970 1.600 1.600 1.600 0.970 

 

  

  
0.970 0.970 0.970 

  

    
 

 

Figure 2.1.17: HI-STORM UMAX MPC-37 Heat Load Chart 3 for “Standard (Reference)” Fuel 
 

(All storage cell heat loads are in kW) 

Note that this figure shows the per cell heat load limit for storage.  The total permissible 
aggregate heat load may be less than the sum of each individual cell heat load.  See Table 2.1.8 
for corresponding permissible aggregate heat load and the helium backfill option.    
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1.019 1.890 1.050 1.050 1.050 1.890 1.019 

 
1.019 1.680 1.680 1.680 1.019 

 

  

  
1.019 1.019 1.019 

  

    
 

 

Figure 2.1.18: HI-STORM UMAX MPC-37 Heat Load Chart 3 for “Long” Fuel 
 

(All storage cell heat loads are in kW) 

Note that this figure shows the per cell heat load limit for storage. The total permissible 
aggregate heat load may be less than the sum of each individual cell heat load.  See Table 2.1.8 
for corresponding permissible aggregate heat load and the helium backfill option.    
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Figure 2.1.19: HI-STORM UMAX MPC-37 Sub-Design Heat Load for Short and Standard Fuel 

 

(All storage cell heat loads are in kW) 

Note that this figure shows the per cell heat load limit for storage.  The total permissible 
aggregate heat load may be less than the sum of each individual cell heat load.  See Table 2.1.8 
for corresponding permissible aggregate heat load and the helium backfill option.    
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0.829 0.829 0.829 

  

    
 

Figure 2.1.20: HI-STORM UMAX MPC-37 Sub-Design Heat Load for Long Fuel  

(All storage cell heat loads are in kW) 

Note that this figure shows the per cell heat load limit for storage.  The total permissible 
aggregate heat load may be less than the sum of each individual cell heat load.  See Table 2.1.8 
for corresponding permissible aggregate heat load and the helium backfill option.    
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Figure 2.1.21: HI-STORM UMAX MPC-37 Permissible Threshold Heat Loads for VDS High 
Burnup Fuel  

(All storage cell heat loads are in kW) 

Note that this figure shows the per cell heat load limit for storage.  The total permissible 
aggregate heat load may be less than the sum of each individual cell heat load.  See Table 2.1.8 
for corresponding permissible aggregate heat load and the helium backfill option.    
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Figure 2.1.22: HI-STORM UMAX MPC-89 Heat Load for Long-Term Storage  
(All storage cell heat loads are in kW) 

Note that this figure shows the per cell heat load limit for storage.  The total permissible 
aggregate heat load may be less than the sum of each individual cell heat load.  See Table 2.1.9 
for corresponding permissible aggregate heat load and the helium backfill option.     
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Figure 2.1.23: HI-STORM UMAX MPC-89 Sub-Design Heat Load  

(All storage cell heat loads are in kW) 

Note that this figure shows the per cell heat load limit for storage.  The total permissible 
aggregate heat load may be less than the sum of each individual cell heat load.  See Table 2.1.9 
for corresponding permissible aggregate heat load and the helium backfill option.    
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Figure 2.1.24: HI-STORM UMAX MPC-89 Permissible Threshold Heat Load for VDS High 

Burnup Fuel  
(All storage cell heat loads are in kW) 

Note that this figure shows the per cell heat load limit for storage.  The total permissible 
aggregate heat load may be less than the sum of each individual cell heat load.  See Table 2.1.9 
for corresponding permissible aggregate heat load and the helium backfill option.     
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2.2   HI-STORM UMAX VVM COMPONENTS AND ISFSI 
STRUCTURES 

The VVM is engineered for below-grade storage of the MPCs for the duration of its design life, 
and is designed to withstand normal, off-normal, and extreme environmental phenomena as well 
as accident conditions of storage with appropriate margins of safety. A discussion of measures to 
ameliorate corrosion of VVM components is presented in Chapter 8.  

The structural limit criteria imposed on the VVM Components are specified to comply with the 
provisions of 10CFR72, with an embedded large margin of safety. Table 2.4.1 provides the 
principal acceptance criteria applicable to the VVM Components.  The specifications of the 
materials of construction for the load bearing and non-load bearing parts are provided in Table 
2.6.2 along with their maximum permissible temperature for different conditions of storage. 

The ISFSI Structures in a HI-STORM UMAX ISFSI are: 

a. The Support Foundation Pad (SFP) 

The structural requirements on the SFP are focused on providing a robust support to the CEC 
structure (for shear and compression) and to limit the long-term settlement of the SFP. The 
minimum structural design requirements on the SFP are provided in Table 2.3.2 and the licensing 
drawing in Section 1.5.  

ACI-318(2005) is the prescribed Code for SFP design. As specified in ACI-318(2005), the 
applicable loads on the SFP are:  

• Dead load (from the ISFSI pad, the loaded VVM, and the mass of soil above the SFP). 
• Live load (from the loaded vertical cask transporter bearing on the ISFSI pad).  
• Seismic load (the additional inertia load in excess of the dead weight, live load 

 transmitted to the SFP from the loaded VVM and the transporter under the ISFSI’s DBE 
 event). 

• Long-term settlement. 

The load combinations for the HI-STORM UMAX structural analysis of the SFP pursuant to 
ACI-318(2005) are provided in Table 2.4.3. 

Of the above loads, the effect of long-term settlement on the SFP is treated together with the 
Dead load. The standard approach to compute the long-term settlement is provided in [2.4.3]. 

In the structural qualification of the SFP, the loading from the seismic event is computed using 
the dynamic elastic modulus corresponding to the minimum shear wave velocity of the subgrade 
layers specified in Table 2.3.2. 

b. The ISFSI Pad  

The ISFSI Pad girdles the Container Shell and extends to the underside of the Container Flange 
to form a rain water-resistant interface, and has a slight slope to direct water away from the CEC. 
The principal functions of the ISFSI pad are to provide the riding surface for the loaded 
transporter and also to enable rainwater to be channeled away from the storage arrays and into 
the ISFSI storm drain system.  
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The minimum structural design requirements on the ISFSI pad are provided in Table 2.3.2 and 
the licensing drawing in Section 1.5. The applicable loads on the ISFSI pad are:  

• Dead load (Self weight)  
• Live load (Weight of a loaded cask transporter)  
• Seismic Load (Inertia load from the concrete pad and the transporter under the ISFSI’s 

 DBE event) 

The applicable load combinations for the structural analysis of the ISFSI pad pursuant to ACI-
318(2005) are provided in Table 2.4.3. 

Note that the ISFSI pad is not expected to settle relative to the SFP over their Design Life due to 
the use of CLSM [2.2.1] or lean concrete to refill the space between the SFP and the ISFSI pad 
(i.e., Space A in Figure 2.4.4).  

The design of the ISFSI pad together with the lateral subgrade must also satisfy the allowable 
bearing capacity requirement of ACI 360R-06 [2.6.5] for slabs on grade. In particular, the total 
load imparted by the ISFSI pad on the lateral subgrade, including the live load and seismic load 
from the transporter, shall be less than 50 percent of the allowable bearing capacity thereof when 
the load is applied uniformly. 

c. Enclosure Wall (optional) 

The Enclosure Wall, if used to sequester the substrate under the ISFSI pad from the surrounding 
subgrade, serves to render each VVM group autonomous and, at sites with elevated water table 
and serves as a means to prevent water intrusion in the VVM subgrade space. The Enclosure 
Wall does not have a structural function. In other words, as shown in Chapter 3, the Enclosure 
Wall is not needed to maintain the physical stability of the subgrade under the ISFSI pad under a 
Design Basis Earthquake in the limiting condition where the adjacent space has been excavated 
down to the SFP for construction purposes. Likewise it is shown in Chapter 3 that a Design Basis 
Missile will not reach any CEC in the ISFSI if the missile were to strike laterally through the 
excavated space adjacent to the ISFSI. 

d. Lateral Subgrade and Under-grade 

The soil lateral to the CECs (termed Space A in this FSAR) is required to be removed and 
replaced with a Self-hardening Engineered Subgrade (SES) such as CLSM or lean concrete 
which imparts enhanced structural characteristics to the ISFSI pad support system improving its 
ability to support the Cask transporter during MPC transfer operations.  The minimum average 
density and the minimum shear wave velocity in the lateral subgrade surrounding the VVMs 
have been specified in Table 2.3.2. 

In addition, the design of the sub-grade under the ISFSI pad must be demonstrated to meet the 
following structural criteria under the Design Basis earthquake (Table 2.3.2) and the Design 
Basis Missile (Table 2.3.3) impact loading events: 

a. The subgrade must continue to maintain its physical integrity under the DBE load 
combination in Table 2.4.3. Maintaining physical integrity means no structural 
collapse, instability or cracks that produce an unobstructed direct streaming path in the 
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subgrade for the radiation emanating from the stored fuel, and no constriction of the 
CEC that may interfere with retrievability of the MPC. 

b. In the scenario where the adjacent subgrade has been excavated exposing the lateral 
surface of the subgrade and a Design Basis Missile (see Table 2.3.3) strikes the 
exposed surface in the most severe orientation, the sub grade must be capable of 
stopping the missile before it reaches the MPC. 

The Under-grade’s minimum properties have also been specified in Table 2.3.2. A structurally 
inadequate under-grade may be strengthened by suitably engineered pilings. 

Version “MSE” which is solely focused on increasing the seismic capability of the “UMAX” 
system is described in Subsection 1.0.2.  To meet increased seismic inertia loads, the strength of 
the material in the interstitial space between the VVMs (Space A in Figure 2.4.4) is increased by 
using normal density concrete. The minimum compressive strength of the Space A concrete is 
provided in Table 2.3.10 
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2.3 SERVICE CONDITIONS AND APPLICABLE LOADS  
2.3.1 Service Conditions 
The categories of loads applicable to the HI-STORM UMAX VVM are identified below. 

Normal Condition: dead weight, handling of the Closure Lid, soil overburden pressure 
from subgrade, live load due to cask transporter movement, long-term settlement and 
snow loads.  

Off-Normal Condition: elevated ambient temperature, wind, partial blockage of air inlets, 
and off-normal pressure. 

Extreme Environmental Phenomena and Accident Condition: extreme ambient 
temperature, handling accidents, fire, tornado, flood, earthquake, explosion, lightning, 
complete (assumed) blockage of all inlet ducts, burial under debris, and 100% fuel rod 
rupture.  

Short-term Operations: Short-term operation includes those normal operational 
evolutions necessary to support fuel loading or unloading activities. These include, but 
are not limited to MPC cavity drying, helium backfill, MPC transfer, and on-site handling 
of a loaded HI-TRAC VW transfer cask. The peak cladding temperature in the MPC must 
meet the ISG-11 Rev. 3 limit for short-term operations 

Of the above loadings, lightning is considered to be innocuous to the HI-STORM UMAX ISFSI 
because of its underground configuration and is therefore not considered as a loading that merits 
safety evaluation. 

As can be seen from the above, the loads that are most significant to the storage system’s 
structures and components are either structural or thermal in origin. Accordingly, they are 
discussed in the two discrete sections in the following Sections 2.4 and 2.5. The design basis 
magnitudes of the above loads, as applicable to the HI-STORM VVM, are provided in Tables 
2.3.1 and 2.3.2.  The loads applicable to the MPC and HI-TRAC VM are defined in Tables 2.2.6, 
2.2.7, 2.2.13 and 3.1.1 of the HI-STORM FW FSAR. 

 

2.3.2 Loadings Applicable to Normal Conditions of Storage  
2.3.2.1 Pressure 

The MPC internal pressure is dependent on the initial volume of cover gas (helium), the volume 
of fill gas in the fuel rods, the fraction of fission gas released from the fuel matrix, the number of 
fuel rods assumed to have ruptured, and temperature. 

The normal condition MPC internal design pressure bounds the cumulative effects of the 
maximum fill gas volume, normal environmental ambient temperatures, the maximum MPC heat 
load, and an assumed 1% of the fuel rods ruptured with 100% of the fill gas and 30% of the 
significant radioactive gases (e.g., H3, Kr, and Xe) released in accordance with NUREG-1536.  

For the storage of damaged fuel assemblies or fuel debris in a damaged fuel container (DFC), it 
shall be conservatively assumed that 100% of the fuel rods are ruptured with 100% of the rod fill 
gas and 30% of the significant radioactive gases (e.g., H3, Kr, and Xe) liberated. For PWR 
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assemblies stored with non-fuel hardware, 100% of the gases in the non-fuel hardware (e.g., 
BPRAs) shall be assumed to be released. The accident condition design pressure shall envelop 
the case of 100% of the fuel rods ruptured.  

The MPC internal and external pressures under the normal condition of storage must remain 
below the respective limits in docket number 72-1032. For convenience of reference, the 
maximum allowable internal and external pressures common to all MPCs in Table 1.2.1 are 
provided in Table 2.3.5.  

The HI-TRAC transfer cask is not capable of retaining internal pressure due to its open 
design. Therefore, no analysis is required for the internal pressure loading in HI-TRAC 
VW transfer cask. However, the HI-TRAC transfer cask water jacket may experience an 
internal vapor pressure due to the heat-up of the water contained in the water jacket. 
Analysis is performed in Chapter 3 of the HI-STORM FW FSAR to demonstrate that the 
water jacket can withstand the design pressure in Table 2.3.5 without a structural failure 
and that the water jacket design pressure will not be exceeded. To provide an additional 
layer of safety, a pressure relief device is used to ensure that the water jacket design 
pressure will not be exceeded. 
The HI-STORM UMAX VVM is not capable of retaining internal pressure due to its open 
design, and therefore no analysis is required or provided for the VVM internal pressure. 

 

2.3.2.2 Environmental Temperatures and Pressures 
To evaluate the long-term effects of ambient temperatures on the HI-STORM UMAX System, an 
upper bound value on the annual average ambient temperature for the continental United States 
is used. The annual average temperature is termed as normal ambient temperature for storage.  
The normal ambient temperature specified in Table 2.3.6 is bounding for all reactor sites in the 
contiguous United States. The normal ambient temperature set forth in Table 2.3.6 is intended to 
ensure that it is greater than the annual average of ambient temperature at any location in the 
continental United States. In the northern region of the U.S., the design basis normal ambient 
temperature will be exceeded only for brief periods, whereas in the southern U.S, it may be 
straddled daily in summer months. In as much as the sole effect of the normal temperature is on 
the computed fuel cladding temperature to establish long-term fuel integrity, it should not lie 
below the time averaged yearly mean for the ISFSI site. Previously licensed cask systems have 
employed lower normal temperatures (viz., 75o F in Docket 72-1007) by utilizing national 
meteorological data.  

Likewise, within the thermal analysis, a conservatively assumed soil temperature of the value 
specified in Table 2.3.6 is utilized to bound the annual average soil temperatures for the 
continental United States. The 1987 ASHRAE Handbook (HVAC Systems and Applications) 
reports average earth temperatures, from 0 to 10 feet below grade, throughout the continental 
United States. The highest reported annual average value for the continental United States is 
77oF for Key West, Florida. Therefore, this value is specified in Table 2.3.6 as the bounding soil 
temperature. 
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Confirmation of the site-specific annual average ambient temperature and soil temperature is to 
be performed by the licensee, in accordance with 10CFR72.212. Insolation based on 
10CFR71.71 input averaged over 24 hours shall be used as the additional heat input under the 
normal and off-normal conditions of storage.  

The ambient pressure shall be assumed to be 760mm of Hg coincident with the normal condition 
temperature, whose bounding value is provided in Table 2.3.6. For sites located substantially 
above sea level (elevation > 1500 feet ), it will be  necessary to perform a site specific evaluation 
of the peak cladding temperature using the site specific ambient temperature (maximum average  
annual temperature based on 40 year meteorological data for the site). ISG 11, Revision 3 [2.4.6] 
temperature limits will be applicable. 

All of the above requirements are consistent with those in the HI-STORM 100 and HI-STORM 
FW FSARs. 

 

2.3.2.3 Design Temperatures 
The ASME Boiler and Pressure Vessel Code (ASME Code) requires that the value of the vessel 
design temperature be established with appropriate consideration for the effect of heat generation 
internal or external to the vessel. The decay heat load from the spent nuclear fuel is the internal 
heat generation source for the HI-STORM UMAX System. The ASME Code (Section III, 
Paragraph NCA-2142) requires the design temperature to be set at or above the maximum 
through thickness mean metal temperature of the pressure part under normal service (Level A) 
condition. Consistent with the terminology of NUREG-1536, this temperature is referred to as 
the Design Temperature for Normal Conditions. Conservative calculations of the steady-state 
temperature field in the HI-STORM UMAX System, under assumed environmental normal 
temperatures with the maximum decay heat load shall remain below the maximum permissible 
temperatures set down in Table 2.3.7. Unless otherwise stated, the maximum permissible 
temperatures in Table 2.3.7 are thru-wall thickness average values and are intended to insure that 
the storage system meets the safety criteria applicable to the specific operating condition. 

Maintaining fuel rod cladding integrity is a principal design consideration. The fuel rod peak 
cladding temperature (PCT) limits for all operating conditions shall meet the limits set forth in 
ISG-11, Revision 3 [2.4.6].  

 

2.3.2.4 Snow and Ice 
The HI-STORM UMAX System must be capable of withstanding pressure loads due to snow 
and ice. Section 7.0 of ANSI/ASCE 7-05 [2.2.2] provides empirical formulas and tables to 
compute the effective design pressure on the VVM due to the accumulation of snow for the 
contiguous U.S. and Alaska. Typical calculated values for heated structures such as the HI-
STORM UMAX System range from 50 to 70 pounds per square foot. For conservatism, the 
snow pressure load provided in Table 2.3.1 is set to bound the ANSI/ASCE 7-05 
recommendation. 

  

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001191

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 143 of 301
(1215 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

2-75 
 

2.3.2.5  Dead Weight 
The HI-STORM UMAX System must withstand the static loads due to the weights of each of its 
components, including the weight of the HI-TRAC VW with the loaded MPC stacked on top the 
VVM during the MPC transfer. 

 

2.3.2.6  Handling Evolutions 
The HI-STORM UMAX System must withstand loads experienced during routine handling. 
Normal handling includes: 

i. Vertical lifting of HI-STORM UMAX Enclosure Lid. 
ii. Vertical lifting and handling of the HI-TRAC VW transfer cask containing a loaded 

MPC. 
iii. Lifting of a loaded MPC. 

The dead load of the lifted component is increased by 15% in the stress qualification analyses (to 
meet ANSI N14.6 guidance) to account for dynamic effects from lifting operations as suggested 
in CMAA #70 [2.3.3]. 

 

2.3.2.7  Sustained Wind Conditions 
Wind is an environment variable that can be characterized as a normal occurrence. However, it 
should not be confused with normal condition of storage as defined in NUREG-1536. Like the 
environmental temperature, the wind is a fickle quantity; it changes almost constantly. Normal 
condition of storage is based on the annual average of a site’s ambient temperature, not daily, or 
weekly or some other short term average. A fixed velocity of wind (i.e., constant in magnitude, 
direction and sense of action) cannot be expected to persist long enough to allow the cask to 
reach steady state. To merit being considered a parameter for inclusion for normal condition of 
storage, its average for the whole year must be considered. Variation in the wind speed and 
direction, like the ambient temperature, is a fact of life. If the wind is reasonably constant at a 
site for some periods then it may be possible to identify a three-day average of the wind speed 
and also specify a fixed direction of action. But average of the wind velocity vector for a whole 
year for the normal storage case is evidently not meaningful or realistic. It is for the above reason 
that it is reasonable to consider three-day average wind velocity to be classified as a contributor 
to the off-normal condition which uses three day temperature average as the reference ambient 
temperature. 
 
However, in the interest of conservatism, the fictitious annual wind average is treated as a design 
basis input to the normal condition of storage in this docket.  

 

2.3.3 Loadings Applicable to Off -Normal Conditions of Storage 
As the HI-STORM UMAX System is passive, loss of power and instrumentation failures are not 
defined as off-normal conditions. The off-normal service conditions are defined in this 
subsection. 
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A discussion of the effects of each off-normal condition and the corrective action for each off-
normal condition is provided in Chapter 12.   

 

2.3.3.1 Pressure 
The HI-STORM UMAX System must withstand loads due to off-normal pressure. The off-
normal condition for the MPC internal design pressure bounds the cumulative effects of the 
maximum fill gas volume, normal environmental ambient temperatures, the maximum MPC heat 
load, and an assumed 10% of the fuel rods ruptured with 100% of the fill gas and 30% of the 
significant radioactive gases (e.g., H3, Kr, and Xe) released as suggested in NUREG-1536.  

 

2.3.3.2 Environmental Temperatures 
The HI-STORM UMAX System must withstand off-normal environmental temperatures. The 
off-normal environmental temperatures are specified in Table 2.3.6. For conservatism the lower 
bound temperature is assumed to occur with no solar loads and the upper bound temperature 
occurs with steady-state insolation. Each bounding temperature is assumed to persist for a 
sufficient duration to allow the system to reach steady-state temperatures. 

Limits on the peaks in the time-varying ambient temperature at an ISFSI site are recognized in 
the FSAR in the specification of the off-normal temperatures. The lower bound off-normal 
temperature is defined as the minimum of the 72-hour average of the ambient temperature at an 
ISFSI site. Likewise, the upper bound off-normal temperature is defined by the maximum of 72-
hour average of the ambient temperature. The lower and upper bound off-normal temperatures 
listed in Table 2.3.6 are intended to cover all ISFSI sites in the continental U.S. The 72-hour 
average of temperature used in the definition of the off-normal temperature recognizes the 
considerable thermal inertia of the HI-STORM UMAX storage system which essentially flattens 
the effect of daily temperature variations on the internals of the MPC.  

 

2.3.3.3 Design Temperatures 
In addition to the normal condition design temperatures, which apply to long-term storage 
conditions, an off-normal/accident condition temperature pursuant to the provisions of NUREG-
1536 and Regulatory Guide 3.61 is also defined. This is the temperature which may exist during 
a transient event (examples of such an instance is the blockage of the VVM inlet vents or the fire 
accident). The off-normal/ accident condition temperatures of Table 2.3.7 are selected to bound 
the maximum (maximum in time and space) value of the thru-thickness average temperature of 
the structural or non-structural part, as applicable, during the transient event. These enveloping 
values, therefore, will bound the maximum temperature reached anywhere in the part, excluding 
skin effects, during or immediately after, a transient event. 

The off-normal/accident condition temperatures for stainless steel and carbon steel components 
are chosen such that the material’s ultimate tensile strength does not fall below 30% of its room 
temperature value, based on published data [2.4.8 and 2.4.13]. This ensures that the material will 
not be subject to significant creep rates during these short duration transient events. 
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Additionally, design temperature limits are also defined for short-term normal operating 
conditions which include but are not limited to MPC drying operations and onsite transport 
operations. The short-term temperature limits for all the components are specified in Table 2.3.7 

 

2.3.3.4 Leakage of One Seal 
The MPC enclosure vessel (in any MPC model listed in Table 1.2.1) does not contain 
gaskets or seals: All confinement boundary closure locations are welded. Because the 
material of construction (austenitic stainless steel) is known from extensive industrial 
experience to lend to high integrity, high ductility and high fracture strength welds, the 
MPC enclosure vessel welds provide a secure barrier against leakage.  
The confinement boundary is defined by the MPC shell, MPC baseplate, MPC lid, port 
cover plates, closure ring, and associated welds. Most confinement boundary welds are 
inspected by radiography or ultrasonic examination. Field welds are examined by the 
liquid penetrant method on the root (if more than one weld pass is required) and final 
weld passes.  In addition to multi-pass liquid penetrant examination, the MPC lid-to-shell 
weld is pressure tested. The vent and drain port cover plates are also subject to proven 
non-destructive evaluations for leak detection such as liquid penetrant examination. 
These inspection and testing techniques are performed to verify the integrity of the 
confinement boundary. 
The HI-STORM UMAX VVM does not serve a confinement function: It does not feature any 
safety significant seals. Therefore, leakage of one seal is not evaluated for its consequence to the 
storage system. 

 
2.3.3.5 Malfunction of FHD 

The FHD system is a forced helium circulation device used to effectuate moisture 
removal from loaded MPCs. For circulating helium, the FHD system is equipped with 
active components requiring external power for normal operation. 
Initiating events of FHD malfunction are: (i) a loss of external power to the FHD System 
and (ii) an active component trip. In both cases a stoppage of forced helium circulation 
occurs and heat dissipation in the MPC transitions to natural convection cooling. 
Although the FHD System is monitored during its operation, stoppage of FHD 
operations does not require actions to restore forced cooling for adequate heat 
dissipation. This is because the condition of natural convection cooling evaluated in 
Section 4.6 of HI-STORM FW FSAR shows that the fuel temperatures remain below off-
normal limits. An FHD malfunction is detected by operator response to control panel 
visual displays and alarms.   
 

2.3.4 Extreme Environmental Phenomena and Accident Conditions 
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The loadings corresponding to the extreme environmental phenomena and accident events, 
collectively referred to as Faulted States, are discussed as a part of load combinations. 

 
2.3.4.1 Partial Blockage of MPC Basket Flow Holes  

The MPC is designed to prevent reduction of thermosiphon action due to partial 
blockage of the MPC basket flow holes by fuel cladding failure, fuel debris and crud. 
The HI-STORM UMAX System maintains the SNF in an inert environment with fuel rod 
cladding temperatures below accepted values (Table 2.3.7). Therefore, there is no 
credible mechanism for gross fuel cladding degradation of fuel classified as undamaged 
during storage in the HI-STORM UMAX. Fuel classified as damaged fuel or fuel debris 
are placed in damaged fuel containers. The damaged fuel container is equipped with 
mesh screens which ensure that the damaged fuel and fuel debris will not escape to 
block the MPC basket flow holes. The MPC is loaded once for long-term storage and, 
therefore, buildup of crud in the MPC due to numerous loadings is precluded. Using 
crud quantities for fuel assemblies reported in an Empire State Electric Energy 
Research Corporation Report [2.2.3] determines a layer of crud of conservative depth 
that is assumed to partially block the MPC basket flow holes. The crud depth is listed in 
Table 2.2.8 of the HI-STORM FW FSAR. The flow holes in the bottom of the fuel basket 
are designed (as can be seen on the licensing drawings) to ensure that this amount of 
crud does not block the internal helium circulation. 
 
2.3.4.2 Confinement Boundary Leakage 
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None of the postulated environmental phenomenon or accident conditions identified will 
cause failure of the confinement boundary. Section 7.1 of the HI-STORM FW FSAR 
provides the rationale to treat leakage of the radiological contents from the MPC as a 
non-credible event. 
 
2.3.4.3 Handling Accident 
A handling accident in the Part 72 jurisdiction is precluded by the requirements and 
provisions specified in the HI-STORM FW FSAR. The loaded HI-TRAC VW and MPCs 
will be lifted in the Part 72 operations jurisdiction in accordance with written and Q.A. 
validated procedures and shall use special lifting devices which comply with ANSI 
N14.6-1993 [2.2.2]. Also, the lifting and handling equipment (typically the cask 
transporter) is required to have a built-in redundancy against uncontrolled lowering of 
the load. Further, the HI-TRAC VW is a vertically deployed system, and the handling 
evolutions in short term operations, as discussed in Chapter 9, do not involve 
downending of the loaded cask to the horizontal configuration (or upending from the 
horizontal state) at any time. In particular, the loaded MPC shall be lowered into the HI-
STORM UMAX VVM or raised from it using the HI-TRAC VW transfer cask and a MPC 
lifting system designed in accordance with ANSI N14.6. Therefore, analysis of a 
handling accident event involving a HI-TRAC VW or MPC is not required. 
 

2.3.4.4 Non-Mechanistic Tip-Over 
Because the HI-STORM UMAX VVM is situated underground and cannot be moved, a tip-over 
event is not a credible accident for this design. 
 
2.3.4.5 Tornado 

The HI-STORM UMAX System must withstand pressures, wind loads, and missiles generated 
by a tornado. The prescribed design basis tornado and wind loads for the HI-STORM FW 
System are consistent with NRC Regulatory Guide 1.76 [2.4.9], ANSI 57.9 [2.4.10], and ASCE 
7-05 [2.4.11]. Table 2.3.4 provides the wind speeds and pressure drops applicable to the HI-
STORM UMAX System. 

The continued integrity of the MPC confinement boundary, within the HI-TRAC VW transfer 
cask, under impact from tornado-generated missiles in conjunction with the wind loadings is 
demonstrated in Chapter 3 of the HI-STORM FW FSAR. 
 

2.3.5 Short-Term Operations 
Short-term operations and their safety considerations are discussed in Chapter 9. 
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Table 2.3.1 
 

LOADS, CRITERIA, APPLICABLE REGULATIONS, REFERENCE CODES, AND 
STANDARDS  FOR THE VVM 

Type Criteria or Value  
and Reference Location in 

the FSAR 

Basis, Regulation and 
Reference Code/Standard 

Life: 
 Design Life 60 yrs - 
 Service Life 100 yrs - 

 Licensed Life  20 years 10CFR72.42(a) & 
10CFR72.236(g) 

Structural: 
Design & Fabrication Codes: 
Foundation Pad and ISFSI Pad  

ACI-318(05) 10CFR 72.24 

 Unreinforced Concrete Stress 
 Limits (Closure Lid) 

Applicable Sections of  
ACI-318(05) 

10CFR72.24(c)(4) 

 Structural Steel Section 2.6 10CFR72.24(c)(4) 
 VVM Closure Lid Dead Weight: Section 3.2 R.G. 3.61 
 Design Internal Pressure Atmospheric Ventilated Module 

Thermal: 

 Design Basis Heat Load Governed by ISG-11, 
Rev. 3 

The permissible heat load is limited 
by the requirement that the 
temperature of the fuel cladding 
and the internal pressure in the 
MPC do not exceed allowable 
limits under all thermally 
significant loadings listed in 
Section 2.5. 

 Maximum Design Temperatures:   
 Closure Lid Concrete   

 Through-Thickness 
Section Average (Normal) 

Table 2.3.7 ACI  318(2005) 

 Through-Thickness 
Section Average (Off-
Normal and Accident) 

Table 2.3.7 ACI  318(2005) 

 Structural Steel Table 2.3.7 ASME Code, Section II, 
Part D 

 Divider Shell Thermal Insulation 

Heat transfer resistance per 
Table 4.2.7. Must be stable 
under long-term normal and 

short-term accident conditions. 

N/A 

Confinement: 
 N/A, 

Provided by MPC 
10CFR72.128(a)(3) and  
10CFR72.236(d) & (e) 

Retrievability: 
 Normal/Off-Normal Retrieval of the contents.   10CFR72.122(f),  

(h), (1), & (l) 
 Accident Retrieval of the canister ISG-3 

Criticality: 
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Table 2.3.1 
 

LOADS, CRITERIA, APPLICABLE REGULATIONS, REFERENCE CODES, AND 
STANDARDS  FOR THE VVM 

Type Criteria or Value  
and Reference Location in 

the FSAR 

Basis, Regulation and 
Reference Code/Standard 

 Provided by MPC 10CFR72.124 and 
10CFR72.128(a)(2) 

Radiation Protection/Shielding: 

 Normal/Off-Normal 

Provide capability to meet 
controlled area boundary dose 
limits under 10CFR72 for all 

normal and off-normal 
conditions  

10CFR72.104 and 10CFR72.212 

Ensure dose rates on and 
around the VVM during MPC 

transfer and lid installation 
operations are ALARA  

10CFR20 

 Accident or Conditions of 
Extreme Environmental Phenomena 

Meet controlled area boundary 
dose limits in regulations for all 

accidents    

10CFR72.106 

Design Bases: 

 Spent Fuel Specification 
N/A: Governed by the MPC’s 
CoC with heat load adjusted 

per Section 2.1 

10CFR72.236(a) 

Normal Design Event Conditions: 
 Ambient Outside Temperature: - - 
 Max. Yearly Average Table 2.3.6 ANSI/ANS 57.9 
 Live Load†:   
 Loaded HI-TRAC and 
 Mating Device 

Table 3.2.1 R.G. 3.61 

 Dry Loaded MPC Table 3.2.1 R.G. 3.61 
 Cask Transporter Table 3.2.1 - 
 Handling:  - 

 VVM Closure Lid Lift Points Section 3.4 NUREG-0612 
ANSI N14.6 

 Minimum Permissible 
Temperature During Closure Lid 
Handling Operations  

10oF 
 

ANSI/ANS 57.9 

 Snow and Ice Load 100 lb/ft2  ASCE 7-88 
 Wet/Dry Loading Dry - 
 Storage Orientation Vertical - 

Off-Normal Design Event Conditions: 
 Ambient Temperature:  - 
  Minimum Table 2.3.6  
  Maximum Table 2.3.6  
 Partial Blockage of Air Inlets 50% blockage of air inlet  - 

                                                 
†  Bounding weights. 
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Table 2.3.1 
 

LOADS, CRITERIA, APPLICABLE REGULATIONS, REFERENCE CODES, AND 
STANDARDS  FOR THE VVM 

Type Criteria or Value  
and Reference Location in 

the FSAR 

Basis, Regulation and 
Reference Code/Standard 

Design Basis Accident Events and Conditions: 
 Drop Cases:   
  End Drop Not credible  In-ground VVM cannot be lifted 

  Tip-over Not credible 
In-ground VVM is constrained 

from tip over  
by ISFSI interfacing structures 

 Fire: - - 
  Amount of Fuel 50 Gallons 10CFR72.122(c) 
  Temperature 1475oF  10CFR72.122(c) 
 Fuel Rod Rupture Chapter 4  - 

 Air Flow Blockage 100% blockage of air inlet flow 
area  

10CFR72.128(a)(4) 

 Explosive Overpressure External 
 Differential Pressure 

10 psi steady state  
 

10CFR72.128(a)(4) 

Extreme Environmental Phenomenon Events and Conditions: 
 Flood:  - 
  Height 125 ft R.G. 1.59 

  Velocity N/A  

In-ground VVM is not subject to 
tip-over or sliding.  Loads on the 

Closure Lid are bounded by missile 
impact loads. 

 Max. Earthquake Table 2.3.2 
 

10CFR72.102(f) 

 Tornado: Table 2.3.4 - 
 Tornado-Borne Missiles:   

i. Automobile 
Ensure shielding, fuel 

subcriticality and MPC 
retrievability and confinement 

NUREG-1536 

 Weight Table 2.3.3 NUREG-0800 
 Velocity Table 2.3.3 NUREG-0800 

ii. Rigid Solid Steel Cylinder (intermediate 
tornado missile) 

Ensure shielding, fuel 
subcriticality and MPC 

retrievability and confinement 

NUREG-1536 

 Weight Table 2.3.3 NUREG-0800 
 Velocity Table 2.3.3 NUREG-0800 

iii. Steel Sphere Section 2.4 

NUREG-1536 
In-ground VVM has no 

penetrations that provide line-of-
sight to MPC 

 Weight Table 2.3.3 NUREG-0800 
 Velocity Table 2.3.3 NUREG-0800 

Extreme Environmental Temp. Table 2.3.6 (3-Day Average for 
the ISFSI Site)  

- 
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Table 2.3.2 

DESIGN DATA FOR HI-STORM UMAX ISFSI 

 Type 
Value (minimum or 

nominal, as 
applicable) 

Comment 

1. 

ISFSI Pad and SFP  
concrete density 
concrete compressive 
strength  
rebar yield strength 
concrete cover on rebar 

• 135 lb/ft3 nominal 
dry density (ISFSI 
Pad) 

• 120 lb/ft3 nominal 
dry density (SFP) 

• 4,500 psi 
minimum concrete 
compressive 
strength @ ≤ 28 
days 

• 60,000 psi 
minimum rebar 
yield strength 

• minimum concrete 
cover on rebar per 
subsection 7.7.1 of 
ACI-318(05) 

See Licensing Drawings in Section 
1.5 for details on concrete pad 
thickness.   
 
Grade 60 Rebar.  Rebar is #11@9” 
(each face, each direction) 
 
 

2. 
Depth averaged density of 
subgrade in Space A (see 
Figure 2.4.4)  

120 lb/ft3 minimum Required for shielding and structural 
analysis 

3. 
Depth averaged density of 
subgrade in Space B (see 
Figure 2.4.4)  

110 lb/ft3 minimum Required for shielding analysis. 

4. 
Depth  averaged density of 
subgrade in Space C (see 
Figure 2.4.4)  

120 lb/ft3 nominal Not required for shielding. 

5. 
Depth averaged density of 
subgrade in Space D (see 
Figure 2.4.4) 

120 lb/ft3 nominal 
This space will typically contain 
native soil. Not required for 
shielding.  

6. 
Strain compatible effective 
shear wave velocity in Space 
A, V  

1300 ft/sec minimum 
 

This space will typically contain 
CLSM or lean concrete.  
 
 

7. 
Strain compatible effective 
shear wave velocity in Space 
B, V  

450 ft/sec minimum 
 

This space will typically contain 
native soil. 
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Table 2.3.2 

DESIGN DATA FOR HI-STORM UMAX ISFSI 

 Type 
Value (minimum or 

nominal, as 
applicable) 

Comment 

8. 
Strain compatible effective 
shear wave velocity in Space 
C, V  

485 ft/sec minimum 
 

This space may be remediated with 
vertical reinforcement such as pilings 
to enhance V.  

9. 
Strain compatible effective 
shear wave velocity in Space 
D, V (Figure 2.4.4) 

485 ft/sec minimum  This space will typically contain native 
soil.  

10. Design Basis Earthquake 

Top of the Grade 
(Ground surface) 
spectra per Figure 2.4.1  
with  horizontal ZPA, 
aH and vertical ZPA, aV  

scaled as follows:  
aH = 1.0g 
aV = 0.75g 
and foundation surface 
pad spectra per Figure 
2.4.2 with  horizontal 
ZPA, aH and vertical 
ZPA, aV of:  

aH = 0.93g 
aV = 0.71g 

Horizontal and vertical spectra shown in 
Figures 2.4.1 and 2.4.2 are based on 5% 
damping.  
Following the Newmark 100-40-40 
response combination technique [2.6.7] 
endorsed by the Regulatory Guide 1.92 
[2.4.7], the resultant ZPA for a 3-D 
earthquake site is defined as: aR= 
a1+0.4a2+0.4a3, where a1, a2 and a3 are 
the site’s ZPAs in three orthogonal 
directions and a1≥a2≥a3. 
Hence, the DBE resultant ZPAs at 
ground surface and foundation surface 
elevations are  
1.3 g’s (=1.0×1.0g’s + 0.4×0.75 g’s) and 
1.214 g’s (=1.0×0.93g’s + 0.4×0.71 g’s), 
respectively. 

11. Permissible long-term 
settlement of the SFP 0.2  inch maximum Used as the input value in the strength 

qualification of the SFP. 

12 Density of plain concrete in 
the Closure Lid (nominal) 150 lb/cubic feet Used in shielding calculations 

13 
Reference  compressive 
strength of plain concrete in 
the Closure Lid 

4,000 psi Used in analysis of mechanical loadings 
on the Closure Lid 

14 
Minimum compressive 
strength of SES in Space A 
(see Figure 2.4.4) 

1,000 psi Used in tornado missile impact analysis 
and SSI analysis 
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Table 2.3.3 

TORNADO-GENERATED MISSILES 

Missile Description Mass (kg) Velocity (mph) 

Automobile 1800 126 

Rigid solid steel cylinder 

(8 in. diameter)  
125 126 

Solid sphere  

(1 in. diameter)  
0.22 126 
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Table 2.3.4 

CHARACTERISTICS OF REFERENCE TORNADO 

Condition Value 

Rotational wind speed (mph) 290 

Translational speed (mph) 70 

Maximum wind speed (mph) 360 

Pressure drop (psi) 3.0 
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Table 2.3.5 

DESIGN (MAXIMUM ALLOWABLE) PRESSURES 

Pressure Location Condition Pressure (psig) 

MPC Internal Pressure Normal 100 

Off-Normal/Short-
Term 

110 (MPC-24, MPC-32 and MPC-68) 

120 (MPC-37 and MPC-89) 

Accident 200 

MPC External Pressure Normal (0) Ambient 

Off-Normal/Short-
Term (0) Ambient 

Accident 55 

HI-TRAC Water Jacket 
Internal Pressure Accident 65 
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Table 2.3.6 

ENVIRONMENTAL TEMPERATURES 

Condition Temperature (ºF) Comments 

Normal Ambient 
Temperature (Bounding 
Annual Average from the 
contiguous United States) 

80  

Normal Soil Temperature 
(Bounding Annual 
Average from the 
contiguous United States) 

77  

Off-Normal Ambient 
Temperature 

(3-Day Average) 
-40 (min) and 100 (max) 

-40oF with no insolation 

 

100oF with insolation 

Extreme Accident Level 

Ambient (3-Day Average) 
125 125oF with insolation  

Short-Term Operations 0 (min.) 

90 (max.) 

The lower bound limit is specified in 
the technical specifications. The upper 
bound limit is a 3-day daily average 
with insolation and can be increased 
for a specific site if justified by the 
appropriate thermal analysis. 
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Table 2.3.7  

DESIGN TEMPERATURES 

Component 

Normal & 
Mechanical 

Accident Condition 
Design 

Temperature 
Limits  

(oF) (Note 1) 

Short-Term 
Events 

Temperature 
Limits 

(oF) (Note 6) 

Off-Normal and 
Accident 
Condition 

Temperature 
Limits 

(oF ) (Note 2) 

MPC shell 650 800 1058 
MPC basket 752 932 1058 (Note 5) 
MPC basket shims 752 932 1058 
MPC lid 752 800 1058 
MPC closure ring 752 800 1058 
MPC baseplate 752 800 1058 
CEC shell 650 650 1058 
CEC Flange 650 650 1058 

Fuel Cladding 
752 (Storage) 

 
752 or 1058 1058 (Note 3) 

Closure Lid concrete(section 
average) 350 350 600 (Note 4) 

Closure Lid  Top and Bottom 
Plate 650 650 1058 

Remainder of VVM steel 
structure 650 650 1058 

Divider Shell 650 650 1058 
Insulation 650 650 1058 
HI-TRAC VW inner shell - 500 700 
HI-TRAC VW bottom lid - 350 700 
HI-TRAC VW top flange - 400 650 
HI-TRAC VW bottom lid seals - 350 N/A 
HI-TRAC VW bottom lid bolts - 350 800 
HI-TRAC VW bottom flange - 350 700 
HI-TRAC VW radial neutron 
shield - 311 N/A 
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Table 2.3.7  

DESIGN TEMPERATURES 

Component 

Normal & 
Mechanical 

Accident Condition 
Design 

Temperature 
Limits  

(oF) (Note 1) 

Short-Term 
Events 

Temperature 
Limits 

(oF) (Note 6) 

Off-Normal and 
Accident 
Condition 

Temperature 
Limits 

(oF ) (Note 2) 

HI-TRAC VW radial lead 
gamma shield - 350 600 

 

Note1:  Column 2 temperature limits apply to normal conditions of storage and to accident conditions that do not 
involve a thermally adverse condition such as seismic loading. 

Note 2:  For extreme environmental phenomena and accident conditions which involve heating of the steel 
structures and no mechanical loading (such as the blocked air duct accident, fire and burial-under-debris), 
the maximum permissible temperature is set equal to the permissible fuel cladding temperature(see Note 3 
for MBF) at which  the VVM  structure will remain  physically stable . 

Note 3:  Short term operations include but are not limited to MPC drying and onsite transport. The 1058°F 
temperature limit applies to MPCs containing all moderate burnup fuel. The limit for MPCs containing one 
or more high burnup fuel assemblies is 752°F.   

Note 4:  The VVM closure lid concrete, the primary function of which is shielding, will maintain its structural, 
thermal and shielding properties provided that the temperature limits prescribed.  

The Portland Cement Association (PCA) Bulletin ST32 [2.3.1] provides a comprehensive assay of high 
temperature effects on concrete, stating, “Under certain conditions such as reinforced concrete chimneys, it 
(concrete) has been successfully used for temperatures of 600 deg. F (315.5oC). Where there is no load, 
such as chimney linings, it has been successfully used for temperature up to 1000 deg. F (537.8oC)”. 

The hydrogen loss from closure lid concrete due to high temperature is small because the closure lid 
concrete is completely enclosed by steel plate. 

Note 5: The MPC basket contains stainless steel and Metamic (MPC-24, MPC-32 and MPC-68) or Metamic-HT 
(MPC-68M, MPC-37 and MPC-89). The neutron absorber material used in MPC baskets for criticality 
control (Metamic or Metamic-HT) are manufactured with B4C and aluminum. B4C   is a refractory material 
that is unaffected by high temperature and aluminum is solid at temperatures in excess of 1200oF [2.3.2]. 
For conservatism, neutron absorbers temperatures under off-normal and accident conditions are limited to 
1058oF. 

Note 6: Short term operations include but are not limited to MPC drying and onsite transport. The 1058°F 
temperature limit applies to MPCs containing all moderate burnup fuel. The limit for MPCs 
containing one or more high burnup fuel assemblies is 752°F.   
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Table 2.3.8 
 

MPC CONFINEMENT BOUNDARY STRESS INTENSITY LIMITS  
FOR DIFFERENT LOADING CONDITIONS (ELASTIC ANALYSIS PER NB-3220)† 

Stress Category Design Level A Level D†† 

Primary Membrane, Pm Sm Sm A MIN (2.4Sm, .7Su) 

Local Membrane, PL 1.5Sm 1.5Sm 150% of Pm Limit 

Membrane plus Primary 
Bending  1.5Sm 1.5Sm 150% of Pm Limit 

Primary Membrane plus 
Primary Bending 1.5Sm N/A 150% of Pm Limit 

Membrane plus Primary 
Bending plus Secondary N/A 3Sm N/A 

Average Shear Stress†††† 0.6Sm 0.6Sm 0.42Su 

 
  

                                                 
† Stress combinations including F (peak stress) apply to fatigue evaluations only. 
†† Governed by Appendix F, Paragraph F-1331 of the ASME Code, Section III. 
†††† Governed by NB-3227.2 or F-1331.1(d). 
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Table 2.3.9 
 

STRUCTURAL DESIGN CRITERIA FOR THE FUEL BASKET 

PARAMETER VALUE 

Minimum service temperature -40ºF 

Maximum total (lateral) deflection in the active fuel region - 
dimensionless 

 
0.005 
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Table 2.3.10 

DESIGN DATA FOR HI-STORM UMAX VERSION MSE 

(Properties listed in Table 2.3.2 remain unchanged except for those listed below, item numbers 
from Table 2.3.2 used where applicable) 

No. Type 
Value (minimum or 

nominal, as 
applicable) 

Comment 

3. 
Depth averaged density of 
subgrade in Space B (see 
Figure 2.4.4)  

130 lb/ft3  Required for shielding analysis and 
SSI analysis. 

7. 
Strain compatible effective 
shear wave velocity in Space 
B, V  

344 ft/sec  
 

A small value, computed using the 
site specific data at the San Onofre 
nuclear plant (documented in the 
Calculation Package [3.4.1]), used to 
magnify the inertial response of the 
system under the MSE. 
 

10. Design Basis Earthquake 

Defined by Reg. 
Guide 1.60 spectra 
applied at the 
elevation of the 
Support Foundation 
Pad (SFP) (See 
Figures 2.4.5 and 
2.4.6). The ZPAs of 
the two horizontal 
spectra, 1.5g’s each, 
are vectorially 
combined to give the 
resultant ZPA of 2.12 
g’s. 

The vertical spectra 
is also Reg Guide 
1.60  pegged at 1.0g. 

Horizontal and vertical spectra shown in 
Figures 2.4.5 and 2.4.6 are based on 5% 
damping.  
Following the Newmark 100-40-40 
response combination technique [2.6.7] 
endorsed by the Regulatory Guide 1.92 
[2.4.7], the resultant ZPA for a 3-D 
earthquake site is defined as: aR= 
a1+0.4a2+0.4a3, where a1, a2 and a3 are 
the site’s ZPAs in three orthogonal 
directions and a1≥a2≥a3. 
Hence, the DBE resultant ZPA at the  
foundation surface elevations is  
2.5 g’s (=1.0×1.5g’s + 0.4×1.5 g’s + 
0.4x1.0 g’s)  

This Newmark resultant ZPA is cited as 
the limiting value authorized for HI-
STORM UMAX CoC for Version MSE. 

14. 
Minimum compressive 
strength of SES in Space A 
(see Figure 2.4.4) 

3,000 psi Used in tornado missile impact analysis 
and SSI analysis 
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 2.4 STRUCTURALLY SIGNIFICANT LOAD COMBINATIONS AND 
 ACCEPTANCE CRITERIA 
Where appropriate, for each loading type, a bounding value is selected in this FSAR to impute an 
additional margin for the associated loading events. Such bounding loads are referred to as 
Design Basis Loads (DBL) in this FSAR. For example, the Design Basis External Pressure on 
the MPC, set down in Table 2.3.1, is a DBL, as it grossly exceeds any credible external pressure 
that may be postulated for an ISFSI site. 

The Design Basis structural loads and their combinations applicable to normal, off-normal and 
accident conditions for the HI-STORM UMAX system are considered in this section and 
summarized in Tables 2.4.1 and 2.4.3. The qualifying analyses are presented in Chapter 3. 

Each loading case in Table 2.4.1 is distinct in respect of the sub-component of the VVM that it 
affects most significantly. The acceptance criteria for the storage system, pursuant to NUREG-
1536, consist of demonstrating that: 

a. The radiation shielding in the storage system does not degrade under normal and off-
normal conditions of storage. 

b. The system does not deform under credible loading conditions in a manner that would 
jeopardize the subcritical state of the storage system or ready retrievability of the MPC. 

c. The MPC maintains confinement of radiological matter. For accident condition loadings, 
any permissible degradation in shielding must be shown to result in dose rates 
sufficiently low to permit recovery of the MPC from the damaged VVM, including 
unloading if necessary, and loss of function must be readily discernible ,i.e., apparent or 
detectable. 

The above overarching acceptance criteria are further particularized in a more conservative form 
for each applicable loading case explicitly listed in Table 2.4.1 in the following sections. 

 

2.4.1  Load Case 01: Dead Load plus Design Basis Explosion Pressure 
The HI-STORM UMAX system must withstand the pressure pulse due to a design basis 
explosion event. The effect of overpressure due to an explosion near the VVM acting 
concurrently with the dead load of the system is defined as Load Case 01 and analyzed in 
Chapter 3. The overpressure design value applied to the Closure Lid outer  surface (see Table 
2.3.1) is intended to bound all credible explosion events because no combustible material is 
permitted to be stored near the VVM, and all materials of construction are engineered to be 
compatible with the operating environment. However, site-specific explosion scenarios that are 
not evidently bounded by the design basis explosion load considered herein shall be evaluated 
under the provisions of 10CFR72.212. 

The explosion load is stated in Table 2.3.1 in terms of an equivalent static pressure. The affected 
sub-components are: 
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a. The Container Shell, subjected to a compressive state of axial stress under the combined 
effect of dead weight of the Closure Lid and surface pressure on the Closure Lid under 
the explosion event. 

a. The Closure Lid, subject to self-weight and the Closure Lid surface pressure under the 
explosion event. 

Other VVM Components are not in the direct path of this loading. Level D stress limits are 
applicable to this load case based on applicable metal service temperatures. The explosion 
pressure also envelops other normal condition mechanical loads such as snow and flood. Load 
Case 01, therefore, is a bounding load combination that conservatively subsumes other loading 
types. Acceptance criteria for this load case are provided in Table 2.4.1. Level A stress limits are 
applicable based on reference metal temperatures that bound all mechanical loading scenarios 
(Table 2.4.1) when this case is used as an enveloping evaluation for any normal condition. 

 

2.4.2 Load Case 02: Design Basis Missile Loadings 
The HI-STORM UMAX System is protected from the effects of a tornado and accompanying 
missiles by virtue of its underground configuration. The only VVM component that warrants 
evaluation for the effects of a tornado-induced missile strike is the Closure Lid, which is made of 
a steel weldment with encased concrete. The prescribed design basis tornado and wind loads for 
the HI-STORM UMAX System are consistent with NRC Regulatory Guide 1.76 [2.4.9], ANSI 
57.9 [2.4.10] and ASCE 7.05 [2.4.11]. Design Basis Missiles are summarized in Table 2.3.3. The 
HI-STORM UMAX System is inherently stable under tornado missile impact. The impact of a 
large missile (1800kg Automobile) is evaluated to determine whether the Closure Lid continues 
to maintain its required shielding function. Penetration and perforation issues associated with the 
Closure Lid due to intermediate missiles that constitute the Extreme Environmental Phenomena 
loads for the HI-STORM UMAX system are also addressed. The Closure Lid is analyzed for 
penetration of a solid steel cylinder traveling at a high speed consistent with the characteristics of 
the intermediate missile listed in Table 2.3.3. As there is no direct line of sight to the MPC, small 
missiles are not considered. Also, since a tornado is a short duration event, the effect of tornado 
winds on the thermal performance of the VVM would be negligible due to the system’s thermal 
inertia. Therefore, the effect of tornado wind on the thermal performance of the HI-STORM 
UMAX system is not analyzed. 

When subject to a tornado missile strike, the Closure Lid must not be dislodged creating a direct 
line of sight from the top of the MPC to the outside (see Table 2.4.1). For the intermediate 
missile, the Closure Lid must resist full penetration. Finally, any CEC deformation from the 
compressive axial impulse due to the missile strike must not prevent MPC retrievability. 
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2.4.3 Load Case 03: Design Basis Seismic Event and Long-Term Settlement 
The DBE and Long-Term Settlement are treated together under Load Case 03 because they are 
both germane to the qualification of the two pads (SFP and the ISFSI Pad). 

a. Design Basis Seismic Event 

As required by 10CFR72.102(f), the Design Basis Earthquake for the ISFSI must be specified.  
For the HI-STORM UMAX system, a generic Design Basis Earthquake is specified with 
horizontal and vertical ZPAs intended to envelope the site-specific DBEs at all U.S. plant sites 
(See Table 2.3.2). For purposes of the generic seismic analysis in this FSAR, the Design Basis 
Earthquake for the HI-STORM UMAX system is defined by two sets of response spectra 
specified at the ISFSI pad top surface elevation and at the SFP bottom surface elevation, as 
shown in Figures 2.4.1 and 2.4.2, respectively. These two spectra sets together exhibit the 
severity of the earthquake experienced by the ISFSI Structures and VVM Components and are 
henceforth referred to as the governing spectra. The two sets of response spectra are obtained 
from the two-step SHAKE/LS-DYNA soil seismic response analyses performed using a lower-
bound soil shear wave velocity profile (see Figure 2.4.3). This lower bound profile was 
established in [2.4.1] based on the geotechnical data of typical U.S. nuclear power plant sites. To 
develop the governing spectra, the input seismic acceleration time history for the SHAKE 
analysis is derived from the Regulatory Guide 1.60 seismic response spectrum and designated as 
the rock outcrop motion. The synthetic time history complies with the response spectrum and 
power density enveloping criteria in SRP 3.7.1 in NUREG-0800, Rev 2. The input acceleration 
time history is scaled to yield ground surface ZPAs (at the top of grade elevation) as specified in 
Table 2.3.2.  The average strain-compatible shear wave velocities of the soil column obtained 
from the SHAKE analysis are used to specify the minimum shear wave velocity values in Table 
2.3.2.  

The soil model for the subsequent LS-DYNA seismic response analysis uses the average strain-
compatible wave velocities obtained from the SHAKE analysis (i.e., minimum shear wave 
velocity values of the native soils in Table 2.3.2) to define the structural characteristics of the soil 
layers above and below the SFP elevation. The acceleration time history at the soil column 
bottom surface, also obtained from the above-mentioned SHAKE analysis, is used as the input 
seismic motion for the LS-DYNA seismic response analysis performed in Chapter 3.  The 
response spectrum plots shown in Figure 2.4.1 and 2.4.2 are the results of the LS-DYNA soil 
seismic response analysis (in the absence of the ISFSI). The same soil model and input seismic 
motion used in the LS-DYNA seismic response analysis is used for the LS-DYNA Soil-Structure 
Interaction (SSI) analysis (with the ISFSI included in the model) in Chapter 3.  

The combination of weak soil properties and strong earthquake, as specified in Table 2.3.2 for 
the structural evaluation of the underground ISFSI, has been selected to ensure that the Design 
Basis Earthquake response spectra at the ISFSI location will uniformly envelope those at most 
U.S. nuclear plants and that the Design Basis structural evaluation for the HI-STORM UMAX 
system is performed conservatively based on the lower bound support from the sub-grade and the 
under-grade. Thus, the HI-STORM UMAX system can be deployed in most U.S. nuclear power 
plant sites without the need for a site-specific analysis to satisfy the requirements of 72.212. 
Specifically, a candidate HI-STORM UMAX ISFSI site will be exempt from a detailed SSI 
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analysis if the soil seismic response analysis for the site (using SHAKE or similar program) can 
demonstrate that the following two criteria are met: 

• The site’s response spectra at both ISFSI pad and SFP elevations are enveloped by the 
 Design Basis Earthquake response spectra shown in Figures 2.4.1 and 2.4.2 at their 
 applicable elevations, respectively; 

• The soil properties of the candidate site are greater than the minimum values specified in 
 Table 2.3.2. 

In order to satisfy the first criterion, the site must perform a soil seismic response analysis using 
SHAKE or a similar program. The site’s response spectra at both the ISFSI pad and SFP 
elevations must be bounded by the Design Basis Earthquake response spectra in Figures 2.4.1 
and 2.4.2.  

For the case where only one of the above two criteria is not satisfied, a site-specific evaluation 
under 10CFR72.212 is permitted. Typical scenarios that warrant a site specific evaluation are 
discussed below: 

Scenario A: The site’s response spectra are not completely enveloped by the respective Design 
Basis Earthquake response spectra in Figures 2.4.1 and 2.4.2. However, the site’s overall 
earthquake strength, represented by the resultant ZPA (see Table 2.3.2 for definition) is bounded 
by that of the Design Basis Earthquake at both ISFSI pad and SFP elevations. 

While the ZPA represents the strength of the earthquake (in terms of the maximum value of the 
seismic acceleration time history), the shape of the seismic response spectrum is affected by 
many factors such as the overall stiffness of the site and the stiffness profile of soil layers. 
Therefore, for the same input seismic time history at the base of the soil column, a stiffer site 
could have a peak response that is not enveloped by the Design Basis Earthquake response 
spectrum (as demonstrated in the SHAKE parametric study results presented in Table 2.4.4, 
where the only difference between the two analyzed cases is the stiffness (i.e., shear wave 
velocity) of the soil column).  Although it is expected that the HI-STORM UMAX system would 
exhibit a greater safety margin against the earthquake loading at the stiffer subgrade/under-grade 
site, a site-specific evaluation under 10CFR72.212 is the appropriate vehicle to confirm the 
structural integrity in this situation.  

Scenario B: The strain compatible wave velocity of the soil in Space B and/or Space D of the 
ISFSI site (see Figure 2.4.4) is less than the required minimum value specified in Table 2.3.2. 

Typically, Spaces B and D (in Figure 2.4.4) contain native soils whose properties are not affected 
by the ISFSI construction.  More importantly, the loaded VVMs are not directly supported by the 
soil in these two spaces.  Therefore, it is reasonable to assume that a small reduction of soil 
stiffness in these two spaces would not significantly modify the structural response of the VVM 
system.  Structural compliance through a site specific analysis is assured if the ZPA of the DBE 
is well below the Design Basis value set down in this FSAR (Figure 2.4.1 and 2.4.2). 

The site-specific safety analysis, if required, shall follow the methodology set down in Chapter 3.  
In addition, since the soil and rock configuration varies from site to site, the total depth of the 
soil model for site-specific analysis shall be determined following the guideline in Paragraph 
3.3.3.2 of ASCE 4-98 [2.4.3]. Uncertainties in SSI analysis for a candidate HI-STORM UMAX 
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ISFSI site shall be accounted for by varying the best estimate low strain shear modulus of the 
substrates between the best estimate values times (1+c) and the best estimate value divided by 
(1+c). If sufficient, adequate soil investigation data is available, the mean and standard deviation 
of the low strain shear modulus shall be established for every soil layer. The value of c may be 
established so that it will cover the mean plus or minus one standard deviation for every layer; 
however, the minimum value for c shall be no less than 0.5. If sufficient data is not available to 
determine a statistically meaningful mean and standard deviation, then the value for c shall be no 
less than 1.0. 

The qualification of the ISFSI under the system’s DBE event involves the following safety 
determinations: 

a. Compliance of the VVM Components to the applicable stress/deformation limits     
specified in Table 2.4.2. 

b. Strength compliance of the ISFSI reinforced concrete structures under ACI-318(2005) 
load combinations listed in Table 2.4.3.  

The Design Basis Seismic Event (also referred to as the Design Basis Earthquake (DBE)) is 
classified as an extreme environmental phenomenon. As such the Level D service condition 
limits are applicable to the VVM components, such as the MPC Enclosure Vessel, MPC Guides 
and the MPC shell (Table 2.4.2).  

Most Severe Earthquake Applicable to Version “MSE” of HI-STORM UMAX 

As explained in Subsection 1.0.2, Version MSE, is strictly focused on further strengthening the 
VVM structure, where necessary, such that the system can meet the “most severe earthquake” 
defined by Regulatory Guide 1.60 spectra as set forth in Table 2.3.10. The required changes, as 
described in Subsection 1.0.2 and shown in the licensing drawings, are quite minimal. The MSE 
is designated as the “Design Basis Earthquake” for HI-STORM UMAX Version MSE. 

Because the seismic qualification of the reference ISFSI under the MSE entails  non-linear time 
history analysis, five sets of statistically independent time histories  corresponding to the 
horizontal and vertical target spectra (Figures 2.4.5 and 2.4.6) [2.4.14] were generated to comply 
with NUREG 0800, SRP 3.7.1. Table 2.4.5 provides a comparison of the ZPAs of the generated 
time histories with those of the corresponding target spectra. As can be seen, the generated 
spectra bound both the ZPAs and peak values of target spectra. 

Table 2.4.5 also provides the duration of the earthquake for each time history set.  Figures 2.4.7 
to 2.4.11 provide the accelerograms corresponding to the five earthquakes generated to perform 
the seismic analysis. The qualifying analyses under the above earthquakes are summarized in 
subparagraph 3.4.4.1.2. 

Acceptance Criteria Under DBE 

The CEC shell is subject to performance-based limits, which require that the deformation of the 
CEC does not prevent MPC retrievability, does not cause loss of MPC confinement, and that the 
system remains subcritical. This is accomplished by demonstrating that after the seismic event, 
permanent ovalization of the Container Shell does not result in a geometry that precludes 
retrievability of the MPC and that the impact loadings on the MPC due to its rattling inside the 
CEC do not cause a breach of the MPC confinement boundary.  
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Finally, because the MPC Enclosure Vessel is designed to meet ASME Section III, Subsection 
NB (Class 1) stress intensity limits, and the earthquake is categorized as a Level D event, the 
primary stress intensities in the MPC Enclosure Vessel must meet Level D limits. The primary 
stress intensity in the MPC shell is the maximum longitudinal flexural stress intensity, which is 
compared against the primary membrane stress intensity limit for the material (Alloy X) at the 
applicable service temperature.  

The limits on the primary stresses in the MPC confinement boundary for the DBE condition are 
also applicable to other Level D (faulted) events. Dynamic analysis using a 3-D detailed model 
of the MPC confinement boundary is the vehicle for performing the structural qualification.  In 
addition to the primary stress limits, the local plastic strain in the Confinement Boundary due to 
the impact between the MPC and the MPC guides under the Design Basis Earthquake requires 
evaluation. 

b. Long-Term Settlement 

At an ISFSI site, depending on the density of the subgrade, there may be a small mismatch 
between the weight of the excavated native soil above the SFP and the total weight of loaded 
VVMs and the refilled subgrade, leading to a minor amount of long-term settlement of the SFP.  
The limiting allowable value of the SFP long-term settlement has been specified in Table 2.3.2 
for a conservative stress analysis of the pad under the load combinations of Table 2.4.3.  The 
effect of long-term settlement on the SFP shall be considered as a concurrent load with Dead 
load.  On the other hand, the ISFSI pad is founded on the refilled Self-hardening Engineered 
Subgrade (i.e., CLSM or lean concrete), which is known to be immune from long term 
settlement  due to its own weight and the dead weight of the ISFSI pad.  

 

2.4.4 Load Case 04: Design Basis Handling and Impact Events  
Because the VVM is situated underground and cannot be moved, drop and tip-over events are 
not credible accidents for this design. The Closure Lid, as can be inferred from the Licensing 
Drawings, cannot strike the MPC lid if it were to undergo a free fall due to geometry constraints. 
Further, because the load handling device and lifting equipment are required to meet the defense-
in-depth criteria set down in this FSAR, the drop of the Closure Lid or HI-TRAC transfer cask 
during handling operation is termed non-credible (as is the case for the aboveground HI-STORM 
system MPC transfer operations at the ISFSI).  

The design of the lifting equipment must meet single failure proof criteria to preclude a safety 
related load handling event during emplacement or removal of the Closure Lid while the CEC 
contains a loaded MPC. The Closure Lid lifting attachments shall meet the strength limits of 
ANSI N14.6 for heavy load handling. The metal load bearing parts shall satisfy the requirements 
of Reg. Guide 3.61 for primary stresses near the lifting locations and shall satisfy ASME NF 
[2.6.1] Level A limits away from the lifting locations. 

Yield and ultimate strength values used in the stress compliance demonstration per ANSI N14.6 
shall utilize confirmed material test data through either independent coupon testing or material 
suppliers’ CMTR or CoC, as appropriate. 
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Lift locations for the CEC are expected to be used for lifting only during construction, and 
possibly during decommissioning of the VVM with no loaded MPC present; therefore, these 
lifting locations are not subject to the defense-in-depth measures of NUREG-0612. They are 
therefore considered as a part of the site construction safety plan, and the site decommissioning 
plan, as applicable. 

 

2.4.5 Load Case 05: Design Basis Fire Event 
The potential of a fire accident near an ISFSI pad is considered to be rendered extremely remote 
by ensuring that there are no significant combustible materials in the area. The only credible 
concern is related to a transport vehicle fuel tank fire engulfing the loaded HI-STORM module 
during the MPC transfer operations or loaded HI-TRAC transfer cask while it is being moved to 
the ISFSI. 

The VVM must withstand the effects of a fire that consumes the maximum volume of fuel 
permitted to be in the fuel tank of the cask transporter. The duration of the fire for the VVM is 
conservatively assumed to be the same as that used for the modules in docket numbers 72-1014 
and 72-1032. As is the case for aboveground VVMs, the fuel is assumed to spill, surround one 
storage system and burn until it is depleted. Because the VVM is configured to have a 
surrounding built-in step or spill barrier, the spilled fuel will collect and burn over the ISFSI pad, 
also referred to as Top-of-Grade. Therefore, the location of fuel combustion will be physically 
removed from the CEC. Also, the natural grade in the ISFSI pad surface, engineered to direct the 
rainwater away from the VVMs, will do the same to the spilled fuel, further ameliorating the 
thermal consequence of the fire to the stored MPCs.  

The sole effect of fire on the VVM structure is to raise the metal temperature of the structural 
members surrounding the shielding concrete in the Closure Lid. The analysis for the fire event 
accordingly seeks to establish that the load bearing structure will not be weakened by the rise in 
its metal temperature (and a consequent reduction in the yield and ultimate strength) and the 
Closure Lid suffers structural failure or instability. 

Therefore, it is required to demonstrate that the structural collapse of the Closure Lid cannot 
occur due to the reduction of its structural material’s (low carbon steel) strength at the elevated 
temperatures from the fire. 

Finally, it is necessary to demonstrate that the internal pressure in the stored MPC will not 
exceed the accident condition design pressure during or after the fire event. 

 

2.4.6 Load Case 06: Live Load on VVM During MPC Transfer 
The VVM must withstand the weight of the loaded HI-TRAC transfer cask and the mating 
device during MPC transfer operations. Bounding weights for these components are used in the 
qualifying analysis.  

The acceptance criterion for this load case, like all other load cases, is provided in Table 2.4.1. 
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2.4.7 Load Case 7: Design Basis Flood 
The HI-STORM UMAX System is engineered to be flood resistant. Furthermore, the potential 
water ingress passages are elevated in the HI-STORM UMAX (in contrast to the pad level inlet 
ducts in typical ventilated VVMs) to prevent intrusion of floodwater in the MPC storage cavities. 
However, all HI-STORM MPCs are designed to withstand 125 feet of water submergence (Table 
2.4.1). The VVM will clearly withstand this static head of water above the surface of the ISFSI 
because all structural members are either not subject to any pressure differential from the flood 
or are backed by the subgrade, which resists the flood water directly. Full or partial submergence 
of the MPC is not a concern from a thermal perspective, as discussed in Chapter 1, because heat 
removal is enhanced by the floodwater. Submergence of the CEC up to the level of the Container 
Flange will not result in a significant hydrostatic pressure; therefore, collapse of the CEC or 
potential for significant stresses is not a concern. Furthermore, the uplift force on the CEC due to 
buoyancy is less than the downward force due to the system’s dead weight; therefore, uplift of 
the CEC is not a concern. 

The analysis of the CEC for submergence under 125 feet of water is presented in Chapter 3.The 
qualification of the MPC under the Design Basis Flood is documented in the FSAR that supports 
the CoC of the MPC. 
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Table 2.4.1 

LOAD CASES AND ACCEPTANCE CRITERIA 

Load 
Case 
I.D. 

Bounding 
Loading 

Affected Sub-
Component 

Applicable Data 

Acceptance Criterion Magnitude of 
Loading 

Reference 
Coincident 

Metal 
Temperature 

(Deg. F) 

      
01 Normal operation 

condition; dead 
load plus design 
basis explosion 
pressure 

• Container 
Shell 
structure 
• Closure Lid 

Section 3.2 
(dead 
weight);Table 
2.3.1 
(pressure) 

150 
 

350 

Primary stresses do not 
exceed applicable Level 
A stress limits of ASME 
Subsection NF for dead 
weight only (or Level D 
limits with explosion)  

02 Design basis 
missile 

Closure Lid Table 2.3.3 350 Closure Lid does not 
collapse, is not 
dislodged from the 
cavity, and is not 
perforated by the 
missile.  

03 Design basis 
earthquake 

Container 
Shell 

Figure 2.4.1 
and 2.4.2 

150 After the DBE event, 
MPC retrievability, 
subcriticality and 
confinement must not 
be compromised. 
Additional criteria for 
the CEC and its contents 
are defined in Table 
2.4.2 

04 Closure lid 
handling 

Lid Lift 
Lugs; all 
metal 
structure in 
Lid 

1.15 x Closure 
Lid Weight 
(From Table 
3.2.1) 

200 
 

ANSI N14.6 limits 
based on yield or 
ultimate strength 
including magnified 
inertia loads. Meet Reg. 
Guide 3.61 and Level A 
limits as applicable. 

05 Design basis fire Closure Lid Section 2.4.5 800 The Closure Lid 
structure does not 
collapse under its dead 
weight due to elevated 
metal temperatures.  
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Table 2.4.1 

LOAD CASES AND ACCEPTANCE CRITERIA 

Load 
Case 
I.D. 

Bounding 
Loading 

Affected Sub-
Component 

Applicable Data 

Acceptance Criterion Magnitude of 
Loading 

Reference 
Coincident 

Metal 
Temperature 

(Deg. F) 

      
06 VVM loaded by 

the overhead 
transfer cask and 
Mating Device 
during the 
transfer operation 

Container 
Shell 

- 150 Service A stress limit 
for NF Class 3 plate and 
shell structure and 
buckling stress limits 
for the VVM shell must 
be met.  

07 Design Basis 
Flood 

Container 
Shell 

125 feet of 
water head 

150 The hoop stress in the 
Container Shell shall be 
below the minimum 
material yield strength 
without taking credit for 
the action of the 
surrounding subgrade. 

Note 1.  Structural loads and acceptance criteria for each load case are further explained in Section 2.4.  
Note 2: Materials of construction are identified in Table 2.6.2.  
Note 3:  Design attributes of the VVM are explained in Chapter 1 and details are presented in the 
drawings in Section 1.5.  
Note 4: The limiting value of coincident metal temperature is used to establish material properties and 
allowable stress (or stress intensity) when applicable. 
Note 5: Load cases applicable to MPC and HI-TRAC VW are presented in Tables 2.2.6, 2.2.7, 2.2.13 
and 3.1.1 of the HI-STORM FW FSAR. 
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Table 2.4.2 

ACCEPTANCE CRITERIA FOR THE HI-STORM UMAX VVM AND INTERNALS UNDER 
EXTREME ENVIRONMENTAL CONDITIONS 

Component Calculated Value Allowable Limit 
CEC Container Shell  Radial gap between Divider 

Shell and the MPC  after the 
seismic event 

Nominal Gap between the MPC and the 
Divider Shell must remain open at end of 
event. 

MPC Guides Maximum compressive load Minimum of limiting buckling load or 
ultimate load 

MPC Shell Longitudinal flexural stress 
intensity in shell wall from 
bending of the MPC shell as a 
beam. The local true strain in the 
MPC shell in the region of MPC 
guide/MPC Top Lid impact. 

ASME Level D primary membrane stress 
intensity limit 
The local strain from impact must be less 
than 10%, which has been established as a 
conservative limit in [2.4.12].  
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Table 2.4.3 

LOAD COMBINATIONS FOR THE ISFSI PAD AND SUPPORT FOUNDATION PAD 

PER ACI-318 (2005) 

Load Combination Case Load Combination 

LC-1 1.4D 

LC-2 1.2D + 1.6L 

LC-3 1.2D + E + L 

where: 

D:  Dead Load including long-term settlement effects.  

L: Live Load 

E: DBE for the Site  
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Table 2.4.4 

SHAKE PARAMETRIC STUDY OF THE EFFECT OF SUBGRADE PROPERTIES ON 
SOIL RESPONSES AT HI-STORM UMAX ISFSI TOP & BOTTOM ELEVATIONS 

Elevation & Direction Acceleration 
Response 

Value (g’s) 

Lower Bound 
Shear Wave 

Velocity Profile 
(see Figure 2.4.3) 

Upper Bound 
Shear Wave 

Velocity Profile 
(see Figure 2.4.3) 

ISFSI pad Top Surface 

Horizontal Direction 

ZPA 1.008 0.897 

Peak 3.851 4.040 

SFP Bottom Surface 

Horizontal Direction 

ZPA 0.930 0.795 

Peak 3.519 3.762 

ISFSI pad Top Surface 

Vertical Direction 

ZPA 0.751 0.539 

Peak 3.912 2.377 

SFP Bottom Surface 

Vertical Direction  

ZPA 0.706 0.516 

Peak 3.573 2.286 
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Table 2.4.5 

COMPARING SPECTRA CORRESPONDING TO THE GENERATED TIME HISTORY 
SETS FOR “ UMAX” VERSION MSE WITH THE TARGET SPECTRA (FIGURES 2.4.5 

AND 2.4.6) 

Item Horizontal 
ZPA 

Horizontal 
Peak 

Vertical 
ZPA 

Vertical 
Peak 

Comment Duration of the 
generated time 
history (sec) 

Target 
Spectrum 2.12 6.64 1.0 2.98 

See Figures 
2.4.5 and 

2.4.6 
N/A 

Time 
History 

Set (THS) 
#1 

2.199 7.38 1.087 3.16 

See 
accelerograms 

in Figure 
2.4.7 

40 

THS #2 

2.290 7.18 1.019 3.14 

See 
accelerograms 

in  Figure 
2.4.8 

39 

THS#3 

2.162 7.10 1.072 3.21 

See 
accelerograms 

in Figure 
2.4.9 

44 

THS#4 

2.193 7.23 1.151 3.08 

See 
accelrograms 

in Figure 
2.4.10 

50 

THS #5 

2.132 6.93 1.111 3.25 

See 
accelerograms 

in Figure 
2.4.11 

90 
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(a) 

 
(b) 

FIGURE 2.4.1: DESIGN BASIS SPECTRUM AT THE GROUND SURFACE (TOP OF ISFSI 
PAD) ELEVATION 

(a) HORIZONTAL DIRECTION; (b) VERTICAL DIRECTION 
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(a) 

 
(b) 

FIGURE 2.4.2: DESIGN BASIS SPECTRUM AT THE HI-STORM UMAX FOUNDATION 
SURFACE (BOTTOM OF SFP) ELEVATION 

(a) HORIZONTAL DIRECTION; (b) VERTICAL DIRECTION 
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FIGURE 2.4.3: TYPICAL SHEAR WAVE VELOCITY PROFILES FOR NUCLEAR POWER 

PLANT SITES (REPRODUCED FROM FIGURE I-1 OF [2.4.1]  
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FIGURE 2.4.4: SUB-GRADE AND UNDER-GRADE SPACE NOMENCLATURE 

Note 1: Space A is the lateral subgrade space in and around the VVMs which is refilled with 
CLSM or lean concrete after the construction of the SFP. Space B is the lateral subgrade that 
extends by the amount W around the ISFSI where W is a representative dimension of the ISFSI 
determined by site-specific layouts. Space C is the under-grade below the SFP. Space D is the 
under-grade surrounding Space C. P is the distance to the Enclosure wall.  

Note 2: As indicated by the title, this figure is provided to show the nomenclature for the various 
spaces around a HI-STORM UMAX ISFSI. This figure is not intended to provide specific 
dimensions. 
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Figure 2.4.5; Horizontal Design Response Spectrum for the Most Severe 
Earthquake (MSE) 
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Figure 2.4.6; Vertical Design Response Spectrum for the Most Severe Earthquake 

(MSE) 
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Figure 2.4.7; Accelerograms for Time History Set #1 
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Figure 2.4.8; Accelerograms for Time History Set #2 
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Figure 2.4.9; Accelerograms for Time History Set #3 
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Figure 2.4.10; Accelerograms for Time History Set # 4 
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Figure 2.4.11; Accelerograms for Time History Set #5  
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2.5 THERMALLY SIGNIFICANT LOADS AND ACCEPTANCE   
 CRITERIA 

The analyses summarized in this chapter focus on the governing canisters out of the population 
of MPCs listed in Table 1.2.1. This chapter, however, supports the certification of only MPC-37 
and MPC-89 at this time. The analyses reported for smaller canisters are for reference purposes 
only. 

The thermal design and operation of the HI-STORM UMAX System shall meet the intent of the 
review guidance contained in ISG-11, Revision 3 [2.4.6]. Specifically, the ISG-11 provisions 
that are explicitly invoked and satisfied are: 

a. The thermal acceptance criteria for all commercial spent fuel (CSF) authorized by the 
USNRC for operation in a commercial reactor are unified into one set of requirements.  

b. The maximum value of the calculated temperature for all CSF under long-term normal 
conditions of storage must remain below 400ºC (752ºF). For short-term operations, 
including canister drying, helium backfill, and on-site cask transport operations, the fuel 
cladding temperature must not exceed 400ºC (752ºF) for high burn-up fuel (HBF) and 
570ºC (1058ºF) for moderate burn-up fuel. 

c. The maximum fuel cladding temperature as a result of an off-normal or accident event 
must not exceed 570ºC (1058ºF). 

d. For HBF, operating restrictions are imposed to limit the maximum temperature excursion 
during short-term operations to 65ºC (117ºF) and the number of excursions to less than 
10. 

As stated in Chapter 1, the MPC models designated for storage in the HI-STORM UMAX 
system are previously certified for use in the HI-STORM FW overpack.  For storage in HI-
STORM UMAX, additional restriction in the heat load is applicable for certain MPCs and fuel 
types. Section 2.1 provides the Design Basis Heat Load for storage in HI-STORM UMAX. 

The normal condition design temperatures for the materials used in the HI-STORM UMAX 
system are provided in Table 2.3.7.  

Thermally significant loads are characterized by the absence of any significant mechanical 
loading and are principally applicable to the integrity of the stored fuel. The safety analyses for 
thermal loadings are contained in Chapter 4. The acceptance criteria for the fuel cladding 
temperature summarized above, are from ISG 11 Rev 3. The following thermal condition 
scenarios are applicable to HI-STORM UMAX: 

• Normal Ambient Temperature 

The HI-STORM UMAX System is analyzed for the same maximum yearly average ambient air 
temperature as that used for the  HI-STORM FW systems (Table 2.3.6) which apply to long-term 
storage and short-term normal operating conditions (e.g., MPC drying operations and onsite 
transport operations). Pursuant to NUREG -1536, a certain population of the fuel rods in the 
MPC is also assumed to have become depressurized due to cladding failure. This normal 
operating condition temperature bounds all locations in the continental United States. 
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• Elevated Ambient Air Temperature 

The HI-STORM UMAX System must be able to reject the design basis heat load under short-
term conditions of elevated ambient air temperature designated as an Off-normal condition 
pursuant to NUREG-1536.  

• Partial Blockage of Inlet Air Plenum 

Pursuant to NUREG-1536, 50% of the inlet ducts are assumed to be blocked under an off normal 
storage condition. 

The HI-STORM UMAX System must withstand 50% blockage of the inlet air flow plenum 
without exceeding allowable temperature and pressure limits specified for the off-normal 
condition. 

• 100% Blockage of Air Inlets by Debris 

The HI-STORM UMAX is assumed to be subject to a complete blockage of the inlet ducts. This 
is assumed to occur as a postulated accident event. Chapter 4 contains the appropriate thermal 
analysis which serves to establish the ISFSI surveillance program in the CoC for the system. 

• 100% Fuel Rod Rupture  

The 100% rod rupture event is a non-mechanistic postulate intended to define a bounding 
scenario of rise in the MPC internal pressure. The HI-STORM UMAX System must withstand 
loads due to 100% fuel rod rupture. For conservatism, 100% of the fuel rods are assumed to 
rupture with 100% of the fill gas and 30% of the significant radioactive gases (e.g., H3, Kr, and 
Xe) released in accordance with NUREG-1536. All of the fill gas contained in non-fuel 
hardware, such as burnable poison rod assemblies (BPRAs), is also assumed to be released 
concomitantly. 

The acceptance criterion for this loading event is that the accident condition MPC Design 
Pressure (Table 2.3.5) is not exceeded. 

• Wind  

Wind is a common environmental condition which is characterized by varying magnitude and 
direction at all terrestrial locations. Because wind is an ever changing condition, steady state 
conditions cannot be expected to be reached in the HI-STORM UMAX storage system which has 
a substantial thermal inertia. However, it is necessary to ensure that the heat rejection function of 
the system is not significantly impaired by wind. To make this determination, the thermal 
performance of the system is quantified under a sustained wind (assumed to be of sufficient 
duration so that steady state conditions are reached) at typical velocities of in the range of 0 to  
10 MPH. Sustained wind in a fixed direction for an extended period is not a plausible 
environmental occurrence event. Because in NUREG-1536, this condition is not specified as one 
requiring evaluation, this evaluation performed in this FSAR, exceeds the scope specified in 
NUREG-1536. 

• Burial Under Debris 

The HI-STORM UMAX vent screens are engineered to prevent accumulation of dust and debris. 
Siting of the ISFSI pad shall ensure that the storage location is not located over shifting soil. 
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However, it may be possible for wind borne debris or debris from a collapsing structure in the 
vicinity of the ISFSI to block the inlet plenum. If burial of an extensive portion of the VVM is a 
credible event for an ISFSI, then a thermal analysis to analyze the effect of such an accident 
condition shall be performed for the site using the analysis methodology presented in Chapter 4. 
The duration of the burial-under-debris scenario will be based on the ISFSI owner’s emergency 
preparedness program. The following acceptance criteria apply to the burial-under-debris 
accident event: 

The fuel cladding temperature shall not exceed the ISG-11, Revision 3 [2.4.6] temperature limits. 

The internal pressure in the MPC cavity shall not exceed the accident condition design pressure 
limit in Table 2.3.5. 

The burial-under-debris analysis will be performed if applicable, for the site-specific conditions 
and heat loads. 

• Extreme Environmental Temperature 

The HI-STORM UMAX System must withstand extreme environmental temperatures. The 
extreme accident level temperature is specified in Table 2.3.6. The extreme accident level 
temperature is assumed to occur with steady-state insolation. This temperature is assumed to 
persist for a sufficient duration to allow the system to reach steady-state temperatures. As is 
standard for ventilated systems, extreme environmental temperature is a 3-day average for the 
ISFSI site. 

• Design Basis Fire 

The possibility of a fire accident near an ISFSI site is considered to be extremely remote due to 
the absence of significant combustible materials. The only credible concern is related to a 
transport vehicle fuel tank fire engulfing the loaded HI-STORM UMAX VVM or loaded HI-
TRAC VW transfer cask while it is being moved to the ISFSI. 

The HI-TRAC and HI-STORM UMAX VVM must withstand temperatures due to a fire event. 
The HI-STORM UMAX fire accidents for storage are conservatively postulated to be the result 
of the spillage and ignition of 50 gallons of combustible transporter fuel (identical to the HI-
STORM 100 docket). The HI-STORM UMAX lid external surfaces are considered to receive an 
incident radiation and forced convection heat flux from the fire. The temperature of fire is 
assumed to be 1475o F in accordance with 10CFR71.73.  

The HI-STORM UMAX System must withstand fire accident without exceeding allowable 
temperature and pressure limits specified for the accident condition. 

• Flood 

A potentially severe flood event could happen during the storage period. In that event, the water 
could enter the inlet ducts and block portion or the entire cooling air flow passageway at the 
bottom of the cavity, which reduces the air flow ventilating through VVM and causes an 
elevation of the fuel cladding temperature and system component temperatures. 

Chapter 4 contains the appropriate thermal analysis which serves to establish the ISFSI 
surveillance program in the CoC for the system. 
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• Jacket Water Loss 

The fuel cladding and MPC boundary integrity should be evaluated under a postulated 
(non-mechanistic) complete loss of water from the HI-TRAC VW water jacket. The HI-
TRAC VW must withstand the jacket water loss accident without exceeding allowable 
temperature and pressure limits specified for the accident condition. 

 
2.5.1 The Forced Helium Dehydrator 
The Forced Helium Dehydrator (FHD)  is a HI-STORM system  ancillary  used to remove the 
remaining moisture in the MPC cavity after all of the water that can practically be removed 
through the drain line using a hydraulic pump or an inert gas has been expelled in the water 
blow-down operation.  The FHD system is required to be used for MPCs loaded with one or 
more high burnup fuel assemblies and generating greater than threshold heat loads defined in 
Chapter 4. The FHD method of moisture removal is optional for all other MPCs. 

Expelling the water from the MPC using a conventional pump or a water displacement method 
using inert gas would remove practically all of the contained water except for the small quantity 
remaining on the MPC baseplate below the bottom of the drain line and an even smaller adherent 
amount wetting the internal surfaces. A skid-mounted, closed loop dehydration system will be 
used to remove the residual water from the MPC such that the partial pressure of the trace 
quantity of water vapor in the MPC cavity gas is brought down to ≤ 3 torr. The FHD system, 
engineered for this purpose, utilizes helium gas as the working substance. In comparison to the 
classical vacuum drying process, the FHD maintains the fuel cladding at a relatively low 
temperature (substantially below the permissible cladding temperature in ISG-11 Rev 3) which 
insures that the pressure inside the cladding and hence its hoop stress remains at a moderate 
level. The design features of the FHD are described in an array of USPTO-issued patents 
available in the open literature as follows: 

• Patent Number 7,096,600B2, Forced Helium Dehydrator, dated August 29, 2006 
• Patent Number 7,210,247B2, Forced Gas Flow Canister Dehydration, dated May 1, 2007 
• Patent Number 7,707,741B2, Dew Point Temperature Based Canister Dehydration, dated 

May 4, 2010 
• Patent Number 8,067,659B2, Method of Removing Radioactive Materials from 

Submerged State and/or Preparing Spent Nuclear Fuel for Dry Storage, dated November 
29, 2011 

• Patent Number 8,266,823B2, Method and Apparatus for Dehydrating High Level Waste 
Based on Dew Point Temperature Measurements, dated September 18, 2012 

 

2.5.1.1 FHD Design Criteria 
The Design of the FHD has been standardized for all HI-STORM/HI-STAR MPCs using the 
design criteria set forth in the following which have remained unchanged since their first 
adoption in the HI-STORM 100 FSAR over a decade ago. These design criteria are intended to 
ensure that design and operation of the FHD system will remove bulk moisture and lower the 
partial pressure of the residual vapor in the MPC cavity to ≤ 3 torr if the circulating gas reaches 
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the specified temperature or dew point value and duration criteria.  The FHD system is designed 
to ensure that during normal operation (i.e., excluding startup and shutdown ramps) the 
following criteria are met: 

i. The temperature of helium gas in the MPC shall be at least 15ºF higher than the 
saturation temperature at coincident pressure. The operating pressure shall be selected 
to maximize the mass flow rate within the constraints of the pressure rating of the 
associated pressure parts. 

 

ii. The recirculation rate of helium shall be sufficiently high (minimum hourly 
throughput equal to ten times the nominal helium mass backfilled into the MPC for 
fuel storage operations) so as to produce a turbulated flow regime in the MPC cavity. 

 

iii. The partial pressure of the water vapor in the MPC cavity will not exceed 3 torr. This  
limit will be met if the gas temperature at the de-moisturizer outlet is verified by 
measurement to remain ≤ 21ºF for > 30 minutes or if the dew point of the gas exiting 
the MPC is verified by measurement to remain < 22.9oF for > 30 minutes. 

 

 
The design of the FHD ancillary and the  thermal- hydraulic simulations to insure that it would 
meet the above design criteria were carried out at the time of its  introduction in the HI-STORM 
100 system in 2001. A Holtec proprietary report titled “Forced Helium Dehydrator Sourcebook” 
Holtec Report HI-2022966 documents the design and confirmatory analyses on the FHD. As 
required by the HI-STORM 100 FSAR (in its Appendix 2.B), the first FHD manufactured and 
deployed in MPC drying was subjected to acceptance testing. Since then, over 20 nuclear units 
have opted for the FHD method of drying. Like all ancillaries, the entire body of information on 
the design, manufacturing and testing of the FHDs is maintained for archival reference in 
Holtec’s quality assurance system. The FHD has been designated not-important-to-safety (NITS) 
because its malfunction cannot precipitate a rise in the stored fuel's reactivity, cause increase in 
the cladding temperature above design limits, cause a significantly elevated dose rate to the crew 
or lead to release of radioactive matter to the environment. Instrumentation used to ensure that 
the licensed conditions for operation are met is calibrated by vendors who are on the Holtec 
Approved Vendors List for Important-to-Safety and Safety Related equipment. 
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 2.6    MATERIALS, CODES, STANDARDS, AND PRACTICES TO   
 ENSURE REGULATORY COMPLIANCE 

There is no U.S. or international code that is sufficiently comprehensive to provide a completely 
prescriptive set of requirements for the design, manufacturing, and structural qualification of the 
VVM. The various sections of the ASME Codes, however, contain a broad range of 
specifications that can be assembled to provide a complete set of requirements for the design, 
analysis, shop manufacturing, and field erection of the VVMs. The portions of the ASME Codes 
that are invoked for the various elements of the VVM design, analysis, and manufacturing 
activities are summarized in Table 2.6.1. 

The ASME Boiler and Pressure Vessel Code (ASME Code) Section III, Subsection NF Class 3 
[2.6.1], is the applicable code to determine stress limits for the metallic structural components of 
the VVM when required by the acceptance criteria listed in Tables 2.4.1 and 2.4.2. The permitted 
material types for long-term use are listed in Table 2.6.2. Manufacturing requirements are set 
down in licensing and design drawings.  

Section III Subsection NB of the ASME Boiler and Pressure Vessel Code [2.6.8], is the 
governing code for the structural design of the MPC. The alternatives to the ASME Code, 
Section III Subsection NB, applicable to the MPC in Docket Nos. 72-1032 are also applicable to 
the MPC in the HI-STORM UMAX System, as documented in Table 2.6.5. 

The stress limits of ASME Section III Subsection NF [2.6.10] are applied to the HI-TRAC 
structural parts where the applicable loading is designated as a code service condition.  

The fuel basket, made of Metamic-HT, is subject to the requirements in Metamic-HT 
Sourcebook [1.2.4] and is designed to a specific (lateral) deformation limit of its walls under 
accident conditions of loading (credible and non-mechanistic) (see Table 2.2.11 of HI-STORM 
FW FSAR).  The basis for the lateral deflection limit in the active fuel region, θ, is provided in 
[2.6.9].  

ACI-318(2005) [2.6.2] is the applicable reference code to establish applicable limits on 
unreinforced concrete (in the Closure Lid), which is subject to secondary structural loadings.  
Chapter 8 contains the design, construction, and testing criteria applicable to the plain concrete in 
the VVM’s Closure Lid. The load combinations applicable to the ISFSI pad and the Enclosure 
Wall, pursuant to ACI-318(05) are summarized in Table 2.4.3 Applicable sections of ACI-
318(2005) should be used in the design of the ISFSI pad and the SFP. Reference [2.6.5] should 
be used as a secondary guidance document in designing the ISFSI pad. The applicable provisions 
of [2.6.6] are invoked as an aid in defining the subgrade space that should be modeled in the 
soil/structure interaction simulation. 

The selection of the ISFSI site shall be made with due consideration of the potential of 
liquefaction. The host plant’s criteria with respect to liquefaction for siting the Part 50 structures 
shall be used in evaluating the suitability of a candidate ISFSI location.  

As mandated by 10CFR72.24(c)(3) and §72.44(d), Holtec International’s quality assurance 
program requires all constituent parts of an SSC subject to NRC’s certification under 10CFR72 
to be assigned an ITS category appropriate to its function in the control and confinement of 
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radiation. The ITS designations for the constituent parts of the HI-STORM UMAX VVM, using 
the guidelines of NUREG-CR/6407 [2.6.4], are provided in the Licensing drawing package.  

The aggregate of the citations from the codes, standards, and generally recognized industry 
publications invoked in this FSAR, supplemented by the commitments in Holtec’s quality 
assurance procedures, provide the necessary technical framework to ensure that the as-installed 
VVM s   would meet the intent of §72.24(c), §72.120(a) and §72.236(b). As required by Holtec’s 
QA Program docketed with the NRC (Docket Number 71-0784), all operations on ITS 
components must be performed under QA validated written procedures and specifications that 
are in compliance with the governing citations of codes, standards, and practices set down in this 
FSAR. For activities that may be performed by others, such as site construction work to install 
the VVM, Holtec International requires that all activities be formalized in procedures and subject 
to the CoC holder’s as well as the ISFSI owner’s review and approval. 

An ITS designation is also applied to the interfacing structures (such as the SFP), which requires 
that all quality assurance measures set down in Holtec’s Quality Assurance Procedure Manual be 
complied with by the entity performing the site construction work. In this manner, the 
compliance of the as-built VVMs with its engineered safety margins under all design basis 
scenarios of loading is assured. 
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Table 2.6.1 

REFERENCE ASME CODE PARAGRAPHS FOR VVM  PRIMARY LOAD BEARING 
PARTS 

 Item Code Paragraph 

[2.6.1]  
Explanation and Applicability 

1. Definition of primary and 
secondary members 

NF-1215 - 

2. Jurisdictional boundary NF-1133 The VVM’s jurisdictional boundary is 
defined by the bottom surface of the SFP, 
the top surface of the ISFSI pad and the 
SES side surfaces.  

3. Certification  of 
material(structural) 

NF-2130(b) and (c) Materials shall be certified to the 
applicable Section II of the ASME Code 
or equivalent ASTM Specification. 

4. Heat treatment of material NF-2170 and NF-
2180 

- 

5. Storage of welding material NF-2400 - 

6. Welding procedure Section IX - 

7. Welding material Section II - 

8. Loading conditions NF-3111 - 

9. Allowable stress values NF-3112.3 - 

10. Rolling and sliding supports NF-3424 - 

11. Differential thermal expansion NF-3127 - 

12. Stress analysis NF-3143 
NF-3380 
NF-3522 
NF-3523 

Provisions for stress analysis for Class 3 
plate and shell supports and for linear 
supports are applicable for Closure Lid 
and Container Shell, respectively.  

13. Cutting of plate stock NF-4211 
NF-4211.1 

- 

14. Forming NF-4212 - 

15. Forming tolerance NF-4221 Applies to the Container Shell 

16. Fitting and Aligning Tack Welds NF-4231 
NF-4231.1 

- 

17. Alignment NF-4232 - 

18. Storage of Welding Materials NF-4411 - 

19. Cleanliness of Weld Surfaces NF-4412 Applies to structural and non-structural 
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Table 2.6.1 

REFERENCE ASME CODE PARAGRAPHS FOR VVM  PRIMARY LOAD BEARING 
PARTS 

 Item Code Paragraph 

[2.6.1]  
Explanation and Applicability 

welds 

20. Backing Strips, Peening NF-4421 
NF-4422 

Applies to structural and non-structural 
welds 

21. Pre-heating and Interpass 
Temperature 

NF-4611 
NF-4612 
NF-4613 

Applies to structural and non-structural 
welds 

22. Non-Destructive Examination NF-5360 Invokes Section V 

23. NDE Personnel Certification NF-5522 
NF-5523 
NF-5530 

- 
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Table 2.6.2 

PRINCIPAL MATERIALS, THEIR FUNCTION & ITS CATEGORIES FOR VVM 
 

Item Primary Function Part ITS Category Material 
 

1. Shielding Closure Lid Concrete C Shielding Concrete 
2. Shielding Closure Lid Steel C ASTM A516, Gr. 70, 

A515 Gr. 70 or equivalent 
3. Structural Container Shell, 

Bottom Plate and 
Container Flange 

C ASTM A516, Gr. 70, 
A515 Gr. 70 or equivalent 

4. Thermal Insulation C Commercial 
5. Thermal Inlet/Outlet Vent 

Screens 
and associated 

hardware 

NITS Carbon steel, stainless 
steel, aluminum, 

polymeric fabric or 
commercial 

6. Thermal Outlet Vent Cover 
and associated 

hardware 

NITS Carbon steel, stainless 
steel, aluminum or 

commercial 

7. Rain Protection Vent Flue NITS Aluminum 
8. Non-Structural (emulates a 

shim) 
MPC Bearing Pad NITS Carbon Steel 

(with stainless steel liners) 
9. Shielding and Physical 

Protection 
ISFSI Pad C Reinforced Concrete Per 

ACI-318 (2005) 
10. Shielding and Physical 

Protection 
ISFSI Pad Subgrade 

Surrounding the 
VVMs 

C Self-hardening Engineered 
Subgrade (SES) 

11. Structural Support Support Foundation 
Pad (SFP) 

C Reinforced Concrete per 
ACI-318 (2005) 

12. Barrier against water 
ingress in the ISFSI space 
and/or as the “form” for 

SES placement 

Enclosure wall 
(optional) 

NITS Concrete or another form 
of moisture resistant 

barrier 
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Table 2.6.3 

CRITICAL CHARACTERISTICS OF MATERIALS REQUIRED FOR SAFETY EVALUATION OF  STORAGE 
AND TRANSPORT SYSTEMS 

Item Property 
Type 

(Note 1) 
Purpose 

Bounding 
Acceptable 

Limit 

1. Minimum Yield Strength S To ensure adequate elastic strength for 
normal service conditions Min. 

2. Minimum Tensile Strength S To ensure material integrity under accident 
conditions  Min. 

3. Young’s Modulus S For input in structural analysis model Min. 

4. Minimum elongation of 
δmin.

, % S To ensure adequate material ductility Min. 

5. Impact Resistance at 
ambient conditions S To ensure protection against crack 

propagation Min. 

6. Maximum allowable creep 
rate S To prevent excessive deformation under 

steady state loading at elevated temperatures Max. 

7. Insulation Thermal 
conductivity (maximum 
averaged value in the range 
of ambient to maximum 
service temperature, tmax) 

T To reduce the transmission of decay heat 
from the MPC to the down-coming cool air 
in the annular gap between divider shell and 
container shell 

Max. 

8. Thermal conductivities for 
basket (minimum averaged 
value in the range of 
ambient to maximum 
service temperature, tmax) 

T To ensure that the basket will conduct heat at 
the rate assumed in its thermal model 

 

Min. 

9. Minimum Emissivity T To ensure that the thermal calculations are 
performed conservatively Min. 

10. Specific Gravity S (and R) To compute weight of the component (and 
shielding effectiveness) 

Max. (and 
Min.) 

11. Thermal Expansion 
Coefficient T (and S) To compute the change in basket dimension 

due to temperature (and thermal stresses) 
Min. (and 

Max.) 

12. Boron-10 Content R To control reactivity Min. 

Note 1: Technical Area of Applicability 

S - Those needed to ensure structural compliance 

T - Those needed to ensure compliance with thermal (temperature limits) 

R - Those needed to ensure radiation (criticality and shielding) compliance 
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Table 2.6.4 

CRITICAL CHARACTERISTICS OF EQUIVALENT MATERIALS USED IN THE VVM 
COMPONENTS 

Designated Material Item Critical Characteristic 

ASTM A515 or A516, Gr. 70 

 

 

 

Yield Strength 

Yield strength vs. Temperature 
data must exceed values from 
appropriate tables for 515/516 
Gr.70 materials in ASME Code, 
Section II, Part D at all applicable 
temperatures. 

Ultimate Strength 

Ultimate strength vs. Temperature 
data must exceed values from 
appropriate tables for 515/516 
Gr.70 materials in ASME Code, 
Section II, Part D at all applicable 
temperatures. 

Elongation Elongation must equal or exceed 
value(s) for 515/516 Gr. 70 

Charpy Impact 

Values that measure resistance to 
impact must equal or exceed 
corresponding values for 515/516 
Gr. 70. 
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Table 2.6.5 

LIST OF ASME CODE ALTERNATIVES FOR MULTI-PURPOSE CANISTERS (MPCS) 
 

MPC 
Enclosure 
Vessel 

Subsection 
NCA 

General Requirements. 
Requires preparation of 
a Design Specification, 
Design Report, 
Overpressure Protection 
Report, Certification of 
Construction Report, 
Data Report, and other 
administrative controls 
for an ASME Code 
stamped vessel. 

Because the MPC is not an ASME 
Code stamped vessel, none of the 
specifications, reports, certificates, 
or other general requirements 
specified by NCA are required.  In 
lieu of a Design Specification and 
Design Report, the HI-STORM 
FSAR includes the design criteria, 
service conditions, and load 
combinations for the design and 
operation of the MPCs as well as 
the results of the stress analyses to 
demonstrate that applicable Code 
stress limits are met. Additionally, 
the fabricator is not required to have 
an ASME-certified QA program. All 
important-to-safety activities are 
governed by the NRC-approved 
Holtec QA program. 
 
Because the cask components are 
not certified to the Code, the terms 
“Certificate Holder” and “Inspector” 
are not germane to the 
manufacturing of NRC-certified cask 
components.  To eliminate 
ambiguity, the responsibilities 
assigned to the Certificate Holder in 
the Code, as applicable, shall be 
interpreted to apply to the NRC 
Certificate of Compliance (CoC) 
holder (and by extension, to the 
component fabricator) if the 
requirement must be fulfilled.  The 
Code term “Inspector” means the 
QA/QC personnel of the CoC holder 
and its vendors assigned to oversee 
and inspect the manufacturing 
process. 
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Table 2.6.5 

LIST OF ASME CODE ALTERNATIVES FOR MULTI-PURPOSE CANISTERS (MPCS) 
 

MPC 
Enclosure 
Vessel 

NB-1100 Statement of 
requirements for Code 
stamping of 
components. 

MPC Enclosure Vessel is designed 
and will be fabricated in accordance 
with ASME Code, Section III, 
Subsection NB to the maximum 
practical extent, but Code stamping 
is not required. 

MPC basket 
supports  
and lift lugs 

NB-1130 NB-1132.2(d) requires 
that the first connecting 
weld of a non-pressure 
retaining structural 
attachment to a 
component shall be 
considered part of the 
component unless the 
weld is more than 2t 
from the pressure 
retaining portion of the 
component, where t is 
the nominal thickness of 
the pressure retaining 
material. 
 
NB-1132.2(e) requires 
that the first connecting 
weld of a welded 
nonstructural attachment 
to a component shall 
conform to NB-4430 if 
the connecting weld is 
within 2t from the 
pressure retaining 
portion of the 
component. 

The lugs that are used exclusively 
for lifting an empty MPC are welded 
to the inside of the pressure-
retaining MPC shell, but are not 
designed in accordance with 
Subsection NB.  The lug-to-
Enclosure Vessel Weld is required 
to meet the stress limits of Reg. 
Guide 3.61 in lieu of Subsection NB 
of the Code. 

MPC 
Enclosure 
Vessel 

NB-2000 Requires materials to be 
supplied by ASME-
approved material 
supplier. 

Materials will be supplied by Holtec 
approved suppliers with Certified 
Material Test Reports (CMTRs) in 
accordance with NB-2000 
requirements. 
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Table 2.6.5 

LIST OF ASME CODE ALTERNATIVES FOR MULTI-PURPOSE CANISTERS (MPCS) 
 

MPC 
Enclosure 
Vessel 

NB-3100 
NF-3100 

Provides requirements 
for determining design 
loading conditions, such 
as pressure, 
temperature, and 
mechanical loads. 

These requirements are subsumed 
by the HI-STORM FW FSAR, 
serving as the Design Specification, 
which establishes the service 
conditions and load combinations 
for the storage system.  

MPC 
Enclosure 
Vessel 

NB-4120 NB-4121.2 and NF-
4121.2 provide 
requirements for 
repetition of tensile or 
impact tests for material 
subjected to heat 
treatment during 
fabrication or installation. 

In-shop operations of short duration 
that apply heat to a component, 
such as plasma cutting of plate 
stock, welding, machining, and 
coating are not, unless explicitly 
stated by the Code, defined as heat 
treatment operations. 

MPC 
Enclosure 
Vessel 

NB-4220 Requires certain forming 
tolerances to be met for 
cylindrical, conical, or 
spherical shells of a 
vessel. 

The cylindricity measurements on 
the rolled shells are not specifically 
recorded in the shop travelers, as 
would be the case for a Code-
stamped pressure vessel. Rather, 
the requirements on inter-
component clearances (such as the 
MPC-to-transfer cask) are 
guaranteed through fixture-
controlled manufacturing. The 
fabrication specification and shop 
procedures ensure that all 
dimensional design objectives, 
including inter-component annular 
clearances are satisfied. The 
dimensions required to be met in 
fabrication are chosen to meet the 
functional requirements of the dry 
storage components. Thus, 
although the post-forming Code 
cylindricity requirements are not 
evaluated for compliance directly, 
they are indirectly satisfied (actually 
exceeded) in the final manufactured 
components. 
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Table 2.6.5 

LIST OF ASME CODE ALTERNATIVES FOR MULTI-PURPOSE CANISTERS (MPCS) 
 

MPC 
Enclosure 
Vessel 

NB-4122 Implies that with the 
exception of studs, bolts, 
nuts and heat exchanger 
tubes, CMTRs must be 
traceable to a specific 
piece of material in a 
component. 

MPCs are built in lots. Material 
traceability on raw materials to a 
heat number and corresponding 
CMTR is maintained by Holtec 
through markings on the raw 
material. Where material is cut or 
processed, markings are transferred 
accordingly to assure traceability. 
As materials are assembled into the 
lot of MPCs being manufactured, 
documentation is maintained to 
identify the heat numbers of 
materials being used for that item in 
the multiple MPCs being 
manufactured under that lot. A 
specific item within a specific MPC 
will have a number of heat numbers 
identified as possibly being used for 
the item in that particular MPC of 
which one or more of those heat 
numbers (and corresponding 
CMTRS) will have actually been 
used. All of the heat numbers 
identified will comply with the 
requirements for the particular item. 

MPC Lid 
and Closure 
Ring Welds  

NB-4243 Full penetration welds 
required for Category C 
Joints (flat head to main 
shell per NB-3352.3) 

MPC lid and closure ring are not full 
penetration welds. They are welded 
independently to provide a 
redundant seal.  

MPC 
Closure 
Ring, Vent 
and Drain 
Cover Plate 
Welds  

NB-5230 Radiographic (RT) or 
ultrasonic (UT) 
examination required. 

Root (if more than one weld pass is 
required) and final liquid penetrant 
examination to be performed in 
accordance with NB-5245. The 
closure ring provides independent 
redundant closure for vent and drain 
cover plates. Vent and drain port 
cover plate welds are helium 
leakage tested. 

MPC Lid to NB-5230 Radiographic (RT) or Only progressive liquid penetrant 
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Table 2.6.5 

LIST OF ASME CODE ALTERNATIVES FOR MULTI-PURPOSE CANISTERS (MPCS) 
 

Shell Weld ultrasonic (UT) 
examination required. 

(PT) examination is permitted. PT 
examination will include the root and 
final weld layers and each approx. 
3/8" of weld depth. 

MPC 
Enclosure 
Vessel and 
Lid 

NB-6111 All completed pressure 
retaining systems shall 
be pressure tested. 

The MPC vessel is seal welded in 
the field following fuel assembly 
loading. The MPC vessel shall then 
be pressure tested as defined in 
Chapter 10. Accessibility for leakage 
inspections preclude a Code 
compliant pressure test. All MPC 
enclosure vessel welds (except 
closure ring and vent/drain cover 
plate) are inspected by volumetric 
examination. MPC shell and shell to 
baseplate welds are subject to a 
fabrication helium leak test prior to 
loading. The MPC lid-to-shell weld 
shall be verified by progressive PT 
examination. PT must include the 
root and final layers and each 
approximately 3/8 inch of weld 
depth.  

 

The inspection results, including 
relevant findings (indications) shall 
be made a permanent part of the 
user’s records by video, 
photographic, of other means which 
provide an equivalent record of weld 
integrity. The video or photographic 
records should be taken during the 
final interpretation period described 
in ASME Section V, Article 6, T-676.  
The vent/drain cover plate and the 
closure ring welds are confirmed by 
liquid penetrant examination. The 
inspection of the weld must be 
performed by qualified personnel 
and shall meet the acceptance 
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Table 2.6.5 

LIST OF ASME CODE ALTERNATIVES FOR MULTI-PURPOSE CANISTERS (MPCS) 
 

requirements of ASME Code 
Section III, NB-5350. 

MPC 
Enclosure 
Vessel 

NB-7000 Vessels are required to 
have overpressure 
protection. 

No overpressure protection is 
provided. Function of MPC 
enclosure vessel is to contain 
radioactive contents under normal, 
off-normal, and accident conditions 
of storage. MPC vessel is designed 
to withstand maximum internal 
pressure considering 100% fuel rod 
failure and maximum accident 
temperatures. 

MPC 
Enclosure 
Vessel 

NB-8000 States requirements for 
nameplates, stamping 
and reports per NCA-
8000. 

The HI-STORM FW System is to be 
marked and identified in accordance 
with 10CFR71 and 10CFR72 
requirements. Code stamping is not 
required. QA data package to be in 
accordance with Holtec approved 
QA program. 
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2.7  SAFETY PROTECTION SYSTEMS 
 
2.7.1 General 
The HI-STORM UMAX System is engineered to provide for the safe long-term storage of spent 
nuclear fuel (SNF). The HI-STORM UMAX will withstand all normal, off-normal, and 
postulated accident conditions without release of radioactive material or excessive radiation 
exposure to workers or members of the public. Special considerations in the design have been 
made to ensure long-term integrity and confinement of the stored SNF throughout all cask 
normal and off-normal operating conditions and its retrievability for further processing or 
ultimate disposal in accordance with 10 CFR 72.122(l) and ISG-2 [2.7.1].   

The HI-STORM UMAX System is completely passive requiring no active components or 
instrumentation to perform its design functions. Temperature monitoring or scheduled visual 
verification of the integrity of the air passages is used to verify continued operability of the VVM    
heat removal system, as set down in the system’s Technical Specification.  

 

2.7.2 Protection by Multiple Confinement Barriers and Systems 
a. Confinement Barriers and Systems 

The confinement of the spent fuel is provided by the MPC’s Enclosure Vessel. .  

Contamination on the outside of the MPC from the fuel pool water is minimized by 
preventing contact, removing the contaminated water, and decontamination. An 
inflatable seal in the annular gap between the MPC and HI-TRAC, and the elastomer 
seal in the HI-TRAC bottom lid (see Chapter 9 of the HI-STORM FW FSAR) prevent the 
fuel pool water from contacting the exterior of the MPC and interior of the HI-TRAC VW 
while submerged for fuel loading.  
The MPC is a seal welded enclosure which provides the confinement boundary. The 
MPC confinement boundary is defined by the MPC baseplate, MPC shell, MPC lid, 
closure ring, port cover plates, and associated welds. 
The MPC confinement boundary has been designed to withstand any postulated off-
normal operations, accident conditions, or external natural phenomena. Redundant 
closure of the MPC is provided by the MPC closure ring welds which provide a second 
barrier to the release of radioactive material from the MPC internal cavity. Therefore, no 
monitoring system for the confinement boundary is required.   
Confinement is discussed further in Chapter 7 of FW FSAR. MPC field weld 
examinations, helium leakage testing of the port cover plate welds, and pressure testing 
are performed to verify the confinement function. Fabrication inspections and tests are 
also performed, as discussed in Chapter 10 of the HI-STORM FW FSAR, to verify the 
integrity of the confinement boundary.  
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b. Cask Cooling 

To ensure that an effective passive heat removal capability exists for long-term satisfactory 
performance, several thermal design features are incorporated in the storage system.  They are as 
follows: 

The MPC fuel basket is formed by a honeycomb structure of Metamic-HT plates which allows 
the unimpeded conduction of heat from the center of the basket to the periphery. The MPC 
cavity is equipped with the capability to circulate helium internally by natural buoyancy effects 
and transport heat from the interior region of the canister to the peripheral region (Holtec Patent 
5,898,747).  

The MPC confinement boundary ensures that the inert gas (helium) atmosphere inside the MPC 
is maintained during normal, off-normal, and accident conditions of storage and transfer. The 
MPC confinement boundary maintains the helium confinement atmosphere below the design 
temperatures and pressures stated in Table 2.3.7 and Table 2.3.5, respectively. 

The MPC thermal design maintains the fuel rod cladding temperatures below the ISG-11 limits 
such that fuel cladding does not experience degradation during the long term storage period.  

The HI-STORM UMAX is optimally designed, with multiple cooling passages and suitably 
sized flow annuli, which maximize air flow by ensuring a turbulent flow regime at Design Basis 
heat loads.   
As shown in the licensing drawing package, cooling air to each MPC storage cavity is provided 
by four independent ducts. Thus, there is a significant level of redundancy in the cooling air 
delivery system for the HI-STORM UMAX. 
As can be observed from the licensing drawings, the air inlet locations are separated from the 
outlet vent by a significant lateral and vertical distance. This design feature ensures that there is 
minimal mixing of cold and heated air in the storage system. Calculations summarized in 
Chapter 4 show that the heat rejection performance of the system is stable under varying wind 
speed. 
2.7.3 Protection by Equipment and Instrumentation Selection 

a. Equipment 

The HI-STORM UMAX System may include use of ancillary or support equipment for ISFSI 
implementation. Ancillary equipment and structures utilized at the HI-STORM UMAX ISFSI 
may be broken down into two broad categories, namely Important-to-Safety (ITS) ancillary 
equipment and Not Important to Safety (NITS) ancillary equipment. NUREG/CR-6407 provides 
guidance for the determination of a component’s safety classification [2.6.4].  

The only ancillary equipment used in conjunction with the MPC loading at an ISFSI consists of 
the Mating Device (a patented design, see Table 1.3.2) and the load handling device such as the 
cask transporter.  

The MPC transfer is carried out by actuating the Mating Device and moving the MPC vertically 
to the cylindrical cavity of the recipient VVM cavity. The mating device is actuated by removing 
the bottom lid of the HI-TRAC transfer cask. The device utilized to lift the HI-TRAC transfer 
cask to place it on the VVM and to vertically transfer the MPC may be of stationary or mobile 
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type, but it must have redundant drop protection features. The cask transporter can serve as the 
load handling device.  

b. Instrumentation 

As a consequence of the passive nature of the HI-STORM UMAX System, Important-to-Safety 
instrumentation is not necessary. No instrumentation is required or provided for HI-STORM 
UMAX storage operations, other than normal security service instruments and dosimeters. 

However, in lieu of performing the periodic inspection of the HI-STORM UMAX VVM vent 
screens, temperature elements may be installed inside the VVM outlet duct and below the bottom 
of outlet screen to continuously monitor the air temperature. If the temperature elements and 
associated temperature monitoring instrumentation are used as the sole means of surveillance 
then they shall be designated as Important-to-Safety.  
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2.8 NUCLEAR CRITICALITY SAFETY 
 
The criticality safety criteria stipulates that the effective neutron multiplication factor, keff, 
including statistical uncertainties and biases, is less than 0.95 for all postulated 
arrangements of fuel within the cask under all credible conditions.  

 

2.8.1 Control Methods for Prevention of Criticality 
 
The control methods and design features used to prevent criticality for all MPC 
configurations are the following:  

• Fuel basket constructed of neutron absorbing material with no potential of 
detachment, delamination or degradation in long term inert environment of 
the MPC.  

• Favorable geometry provided by the MPC fuel basket. 
• A high B-10 concentration (50% greater than the concentration used in the 

existing state-of-the art designs certified under 10CFR72) leads to a lower 
reactivity level under all operating scenarios. 

 
Administrative controls shall be used to ensure that fuel placed in the HI-STORM UMAX 
System meets the requirements described in Chapters 2. All appropriate criticality 
analyses are presented in Chapter 6 of the HI-STORM FW FSAR.  
 
2.8.2 Error Contingency Criteria 
 
Provision for error contingency is built into the criticality analyses performed in Chapter 
6. Because biases and uncertainties are explicitly evaluated in the analysis, it is not 
necessary to introduce additional contingency for error.  
 
2.8.3 Verification Analyses 
 
In Chapter 6 of the HI-STORM FW FSAR, critical experiments are selected which reflect 
the design configurations. These critical experiments are evaluated using the same 
calculation methods, and a suitable bias is incorporated in the reactivity calculation. 
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2.9  RADIOLOGICAL PROTECTION 
 

a. Access Control 

As required by 10CFR72, uncontrolled access to the ISFSI is prevented through physical 
protection means.  A security fence surrounded by a physical barrier fence with an appropriate 
locking and monitoring system is a standard approach to limit access if the ISFSI is located 
outside the controlled area. The details of the access control systems and procedures, including 
division of the site into radiation protection areas, will be developed by the licensee (user) of the 
ISFSI utilizing the HI-STORM UMAX System.  

 

b. Shielding 

The objective of shielding is to assure that radiation dose rates at key locations are as low as 
practical in order to maintain occupational doses to operating personnel As Low As Reasonably 
Achievable (ALARA) and to meet the requirements of 10 CFR 72.104 and 10 CFR 72.106 for 
dose at the controlled area boundary (see Table 2.9.1).  

The HI-STORM UMAX is designed to limit dose rates in accordance with 10CFR72.104 and 
10CFR72.106 which provide radiation dose limits for any real individual located at or beyond 
the nearest boundary of the controlled area. The individual must not receive doses in excess of 
the limits given in Table 2.9.1 for normal, off-normal, and accident conditions.  

Three locations are of particular interest in the storage mode: 

• immediate vicinity of the cask 
• restricted area boundary 
• controlled area (site) boundary 

Dose rates in the immediate vicinity of the loaded VVM are important in consideration of 
occupational exposure. Conservative evaluations of dose rate have been performed and are 
described in Chapter 5 based on Reference PWR fuel. 

Consistent with 10 CFR 72, there is no single dose rate limit established for the HI-STORM 
UMAX System. Compliance with the regulatory limits on occupational and controlled area doses 
is performance-based, as demonstrated by dose monitoring performed by each cask user.  

Design objective dose rates for the HI-STORM UMAX system are presented in Table 2.9.2. 

Because of the passive nature of the HI-STORM UMAX System, human activity related to the 
system after deployment in storage is infrequent and of short duration.  Personnel exposures due 
to operational and maintenance activities are discussed in Chapter 11, wherein measures to 
reduce occupational dose are also discussed. The estimated occupational doses for personnel 
provided in Chapter 11 comply with the requirements of 10CFR20.  As discussed in Chapter 11, 
the HI-STORM UMAX System has been configured to minimize both the site boundary dose in 
storage and occupational dose during short-term operations to the maximum extent possible. 

The analyses and discussions presented in Chapters 5, 9, and 11 demonstrate that the HI-STORM  
UMAX  System is capable of meeting the radiation dose limits set down in Table 2.9.1.  
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c. Radiological Alarm System 

The HI-STORM UMAX does not require a radiological alarm system.  There are no credible 
events that could result in release of radioactive materials from the system. Furthermore, direct 
radiation exposure from the ISFSI is subject to monitoring by the plant’s existing dose 
monitoring system.  
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Table 2.9.1 

RADIOLOGICAL SITE BOUNDARY REQUIREMENTS 

MINIMUM DISTANCE TO BOUNDARY OF CONTROLLED AREA (m) 100 

NORMAL AND OFF-NORMAL CONDITIONS: 

-Whole Body (mrem/yr) 

-Thyroid (mrem/yr) 

-Any Other Critical Organ (mrem/yr) 

 

25 

75 

25 

DESIGN BASIS ACCIDENT: 

-TEDE (rem) 

-DDE + CDE to any individual organ or tissue (other than lens of the eye) (rem) 

-Lens dose equivalent (rem) 

-Shallow dose equivalent to skin or any extremity (rem) 

 

5 

50 

15 

50 
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Table 2.9.2 

 DESIGN OBJECTIVE DOSE RATES FOR HI-STORM UMAX 

Area of Interest Dose Rate (mrem/hr) 

Inlet Vents 80 

Inlet Plenum Region 150 

Outlet Vent 60 
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2.10 FIRE AND EXPLOSION PROTECTION 
 

There are no combustible or explosive materials associated with the HI-STORM UMAX System.  
Combustible materials will not be stored within the HI-STORM UMAX ISFSI. However, for 
conservatism, a hypothetical fire accident has been analyzed in Chapter 4 as a bounding 
condition for HI-STORM UMAX System. The evaluation of the HI-STORM UMAX System 
fire accident is discussed in Chapter 12.  

Explosive material will not be stored within an ISFSI. Small overpressures may result from 
accidents involving explosive materials which are stored or transported in the vicinity of the site. 
Explosion as an accident loading condition has been considered in Chapter 12. 

  

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001262

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 214 of 301
(1286 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

2-146 
 

2.11 DECOMMISSIONING CONSIDERATIONS 
 

Efficient decommissioning of the ISFSI is a paramount objective of the HI-STORM UMAX 
System. The HI-STORM UMAX System is ideally configured to facilitate rapid, safe, and 
economical decommissioning of the storage site. As discussed below, Holtec International has 
taken appropriate steps to ensure that the necessary equipment designs and certifications shall be 
available to the user of the HI-STORM UMAX System to expeditiously decommission the ISFSI 
at the end of the storage facility’s required service life. 

Towards that end, the loaded MPC has been designed with the objective to transport it in a 
HI-STAR 190 transportation cask (Figure 2.11.1) Since the loaded MPC is a self-contained 
Waste Package, no further handling of the SNF stored in the MPC will be required prior to 
transport to a licensed centralized storage facility or repository. 

The MPC which holds the SNF assemblies is engineered to be suitable as a waste 
package for permanent internment in a deep Mined Geological Disposal System 
(MGDS). The materials of construction permitted for the MPC are known to be highly 
resistant to severe environmental conditions. No carbon steel, paint, or coatings are 
used or permitted in the MPC in areas where they could be exposed to spent fuel pool 
water or the ambient environment. Therefore, the SNF assemblies stored in the MPC do 
not need to be removed. However, to ensure a practical, feasible method to defuel the 
MPC, the top of the MPC is equipped with sufficient gamma shielding and markings 
locating the drain and vent locations to enable semiautomatic (or remotely actuated) 
severing of the MPC closure ring to provide access to the MPC vent and drain. The 
circumferential welds of the MPC closure lid can be removed by semiautomatic or 
remotely actuated means, providing access to the SNF. 
Likewise, the VVM consists of steel and concrete rendering it suitable for permanent 
burial. Alternatively, the MPC can be removed from the VVM, and the latter reused for 
storage of other MPCs. In either case, the VVM would be expected to have no interior 
or exterior radioactive surface contamination. Any neutron activation of the steel and 
concrete is expected to be extremely small, and the assembly would qualify as Class A 
waste in a stable form based on definitions and requirements in 10CFR61.55. As such, 
the material would be suitable for burial in a near-surface disposal site as Low Specific 
Activity (LSA) material. 
If the SNF needs to be removed from the MPC before it is placed into the MGDS, the 
MPC interior metal surfaces can be decontaminated using existing mechanical or 
chemical methods to allow for its disposal. This will be facilitated by the smooth metal 
surfaces designed to minimize crud traps. After the surface contamination is removed, 
the MPC radioactivity will be diminished significantly, allowing near-surface burial or 
secondary applications at the licensee's facility. 
 

The HI-STORM UMAX ISFSI will contain MPCs that are readily removable from their storage 
cavities. The ISFSI will be decommissioned only after all MPCs have been removed from the 
storage cavities. Removing the Divider Shell does not require any weld removal or unfastening 
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of bolts. The CEC structure can be removed by excavating the surrounding subgrade. 
Alternatively, the cavity can be filled with suitable fill materials and the CEC left in place. Even 
if the decision is made to dispose of all activated material, the VVM, due to differences in its 
geometry and construction (particularly, use of the native soil as the biological shield to the 
extent possible) will result in less steel and concrete to be disposed off. In the aggregate, it is 
estimated that less material will need to be disposed off to decommission a VVM ISFSI in 
comparison to an ISFSI containing aboveground VVMs. 

Finally, the activation estimate in Table 2.4.1 of [2.6.3] for the aboveground VVM inner shell is 
adopted herein (conservatively) for the VVM steel shell enclosure. 

Due to the design of the HI-STORM UMAX System, no residual contamination is expected to be 
left behind on the concrete ISFSI pad. The base pad, fence, and peripheral utility structures will 
require no decontamination or special handling after the last VVM is removed. 

The long-lived radio-nuclides produced by the irradiation of the HI-STORM UMAX System 
components are listed in Table 2.11.1. The activation of the HI-STORM UMAX components 
shall be limited to a cumulative activity of 10 Ci per cubic meter before decommissioning and 
disposal of the activated item can be carried out. 
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Table 2.11.1 

PRINCIPAL LONG-LIVED ISOTOPES PRODUCED DURING IRRADIATION OF THE 
HI-STORM UMAX COMPONENTS 

Nuclide MPC Stainless Steel HI-STORM Steel HI-STORM 
Concrete 

54Mn X X X 
55Fe X X X 
59Ni X - - 
60Co X - - 
63Ni X - - 
39Ar - - X 
41Ca - - X 
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[PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390] 
 
 

Figure 2.11.1: HI-STAR 190 Transportation Overpack and MPC Shown in Exploded, 
Cut-Away View 
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2.12 REGULATORY COMPLIANCE 
 

Pursuant to the guidance provided in NUREG-1536, the foregoing material in this Chapter 
provides: 

A complete set of principal design criteria for the VVM as mandated by 10CFR72.24I(1), 
§72.24(c)(2), §72.120(a) and §72.236(b); 

A clear identification of VVM structural parts subject to a fully articulated design subject to 
certification under 10CFR72 and of interfacing structures; 

The required set of limiting critical characteristics of interfacing ISFSI Structures to ensure that 
the VVM will render its intended function under all design basis scenarios of operation; and 

A complete set of requirements premised on well-recognized codes and standards to govern the 
design and analysis (to establish safety margins) and manufacturing of the VVM.  

It is noted that the requirements of 10CFR72 do not preclude the use of an underground storage 
system such as the HI-STORM UMAX. The underground VVM design, while not specifically 
mentioned in the regulatory guidance literature associated with implementing the requirements in 
10CFR72 (i.e., NUREG-1536)  meets and exceeds the intent of the guidance in that it provides 
an enhanced protection of the stored spent nuclear fuel and a significantly reduced site boundary 
dose, enables a more convenient handling operation, and presents a much smaller target for 
missiles/projectiles compared to an aboveground storage system.  
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CHAPTER 3: STRUCTURAL EVALUATION1
  

 
 3.0 OVERVIEW 
 
In this chapter, the structural safety evaluation of the HI-STORM UMAX Vertical Ventilated 
Module (VVM) system is performed pursuant to the guidelines of NUREG-1536. The organization 
of technical information in this chapter mirrors the format and content of Regulatory Guide 3.61 to 
the extent applicable. The objective of the structural analyses is to ensure that the integrity of the HI-
STORM UMAX system is maintained under the normal, off-normal and extreme environmental 
conditions and accident events listed in Chapter 2. The design basis information contained in the 
previous two chapters and in this chapter provides the necessary data to permit all needed structural 
evaluations for demonstrating compliance with the requirements of 10CFR72.24. To facilitate 
regulatory review, the assumptions and conservatisms inherent in the analyses are identified along 
with a concise description of the analytical methods, models, and acceptance criteria. A summary of 
the system’s ability to maintain its structural integrity under other effects that may contribute to 
structural failure, such as fatigue, buckling, and non-ductile fracture is also provided. (An evaluation 
of the suitability of the materials used in the HI-STORM UMAX VVM system under both slow 
acting (degenerative) and fast acting (precipitous) loads is presented in Chapter 8.) 
 
The VVM, consisting of the CEC and the Closure Lid, serves as the storage space for the loaded 
MPC. The CEC is a weldment of the Container Shell, Container Flange, Bottom Plate, Lower MPC 
Guides, and MPC Bearing Pads. The Closure Lid is a weldment of structural steel encasing plain 
concrete and arranged to provide an appropriate outlet passage for the heated air issuing from the 
storage cavity. An insulated Divider Shell with Upper MPC Guides is situated within the CEC and 
restrained by the Lower MPC Guides at the bottom and by the Container Flange at the top. These 
individual components are collectively referred to as VVM Components.  Interfacing structures that 
surround and support the VVM, as well as proximate structures, which are collectively referred to as 
ISFSI Structures, are explained in Chapter 2.  Section 1.2 contains a complete description of the 
VVM components and ISFSI Structures (accompanied by appropriate figures) and their respective 
functions within the HI-STORM UMAX ISFSI. The essential design details of both the VVM 
Components and the ISFSI Structures are set down in the Licensing Drawing in Section 1.5. The 
design basis loadings for the facility are provided in Chapter 2. The applicable codes, standards, and 
practices governing the structural analysis of the HI-STORM UMAX module, as well as the design 
criteria, are also presented in Chapter 2. Throughout this chapter, in the context of the VVM 
components, the term “safety factor” is defined as the ratio of the allowable stress (load) or 
displacement for the applicable load combination to the maximum computed stress (load) or 
displacement.  
 
For the ISFSI Structures, which are made of reinforced concrete, the safety factor is defined as the 
ratio of the ultimate moment (or shear) capacity to the actual maximum moment (or shear) 

                                                 
1 The analyses summarized in this chapter focus on  the governing canisters out of the population of MPCs listed in 
 Table 1.2.1. Specifically, this chapter supports the certification of only MPC-37 and MPC-89 at this time. The analyses 
reported for smaller canisters are for reference purposes only. 
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developed under the factored load combination. 
 
The following information germane to safety factors is important to understanding the safety case 
presented in this chapter: 
 

1. All safety factors are dimensionless. 
 

2. The minimum permissible value of any safety factor to support a positive safety conclusion 
is 1.0. However, to permit an occasional 10CFR72.48 evaluation that may be required, the 
HI-STORM UMAX system is designed to ensure that all safety factors in the initial design 
basis calculations are at least 1.1. 

 
The objective of the structural analyses is to ensure that the integrity of the HI-STORM UMAX 
system is maintained under all credible loadings under normal, off-normal and extreme 
environmental conditions as well all credible accident events. Specifically, the design basis 
information contained  in the previous two chapters and in this chapter provides the necessary data 
to permit all needed structural evaluations for demonstrating compliance with the requirements of 
10CFR72.236(a), (b), (d) (e), (f), (g), and (1).  To facilitate regulatory review, the assumptions and 
conservatisms inherent in the analyses are identified along with a concise description of the 
analytical methods, models, and acceptance criteria. The information presented herein is intended to 
comply with the guidelines of NUREG-1536 and ISG-21 pertaining to use of finite element codes. 
 
In particular, every Computational Modeling Software (CMS) deployed to perform the structural 
analyses is identified and its implementation appropriately justified as suggested in ISG-21. The 
information on benchmarking and validation of each Computational Modeling Software is also 
provided (in Subsection 3.6.2).  
 
Where appropriate, the structural analyses have been performed using classical strength materials 
solution. Such calculations are presented in this FSAR in transparent detail. 
 
Finally, the input data and analyses using Computational Modeling Software (CMS) are described in 
sufficient detail to enable an independent evaluation of safety conclusions reached in this chapter. 
 
The MPC and HI-TRAC are categorized as “interfacing components” in this FSAR because they 
have been licensed in their host docket (i.e., docket number 72-1032 for HI-STORM FW). 
Nevertheless, it is necessary to demonstrate in this FSAR that the loads exerted on an interfacing 
component do not exceed its licensing basis in its docket number 72-1032. For example, the MPC 
structural integrity has been evaluated in this chapter to ensure that the rattling motion of the MPC 
inside the VVM storage cavity during the DBE event will not produce a breach in the confinement 
boundary or subject the MPC to lateral decelerations in excess of the value for which it was 
qualified in docket number 72-1032. 
 
However, it should be noted without ambiguity that the HI-STORM UMAX system has been designed 
such that, with the exception of the earthquake induced impact load on its Confinement Boundary, 
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the MPC stored in HI-STORM UMAX will always be subject to a less severe loading than what 
would be obtained in the above-ground HI-STORM systems under an identical environmental 
condition. Furthermore, the following restrictions apply: 
 

1. The content conditions for an MPC to be stored in HI-STORM UMAX must not exceed the 
technical specification for HI-STORM UMAX. 

2. The design specifications for the MPC (and the HI-TRAC cask used to load the MPC that 
are identified in its licensing basis FSAR) will apply at all times during loading and storage 
of the MPC. Such specifications include Design Basis external pressure and any acceptable 
radiation dose limits. 

 
Table 3.1.1 provides the acceptance criteria that apply to the MPCs listed in Table 1.2.1.  
 
Technical descriptions and safety analyses in this chapter, especially pertaining to the components 
common to the HI-STORM FW and the HI-STORM UMAX systems are referenced in this FSAR, 
as necessary to the HI-STORM FW FSAR. To facilitate convenient access to the referenced 
material, the latest edition of the HI-STORM FW FSAR has been placed in this docket and a list of 
HI-STORM FW FSAR sections germane to this chapter is provided in a tabular form below.  
 
The safety analyses summarized in this chapter demonstrate acceptable margins to the allowable 
limits under all design basis loading conditions and operational modes. Minor changes to the design 
parameters that inevitably occur during the product’s life cycle which are treated within the purview 
of 10CFR72.48 and are ascertained to have an insignificant effect on the computed safety factors 
may not prompt a formal reanalysis and revision of the results and associated data in the tables of 
this chapter unless the cumulative effect of all such unquantified changes on the reduction of any of 
the computed safety margins cannot be deemed to be insignificant. For purposes of this 
determination, an insignificant loss of safety margin with reference to an acceptance criterion is 
defined as the estimated reduction that is no more than one order of magnitude below the available 
margin reported in the FSAR. To ensure rigorous configuration control, the information in the 
Licensing drawings in Section 1.5 should be treated as the authoritative source for numerical 
analysis at all times. Reliance on the input data and associated results in this chapter for additional 
mathematical computations may not be appropriate as they serve the sole purpose of establishing 
safety compliance in accordance with the acceptance criteria set down in Chapter 2 and in this 
chapter.
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HI-STORM FW FSAR MATERIAL ADOPTED IN THIS FSAR BY REFERENCE 2 

Location of 
UMAX FSAR  

Subject of the reference Location in HI-STORM FW 
FSAR, Revision 3 

Subsection 3.1.3 Structural Qualifications of MPC Subsections 3.4.3 and 3.4.4 

Subsection 3.1.3 Structural Qualifications of HI-TRAC Subsections 3.4.3 and 3.4.4 

Subsection 3.4.4 MPC Qualified for accident conditions 
of storage 

Subsection 3.4.4 

Subsection 3.4.4 Stress Analysis for MPCs and HI-
TRAC under normal handling 

conditions 

Subsection 3.4.3 

                                                 
2 For convenience of reference, the specific revision of the HI-STORM FW FSAR that is referenced in the safety 
analysis herein is placed in this docket. Updated versions of the HI-STORM FW FSAR shall be placed in this docket 
as necessary so as to ensure that the safety analyses on the “UMAX” docket (72-1040) remain aligned with the 
material referenced in the HI-STORM FW FSAR. 
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3.1  STRUCTURAL DESIGN 
 
3.1.1  Overview 
 
This chapter presents the structural evaluation of the VVM Components for the applicable load cases 
summarized in Chapter 2 (Table 2.4.1). In Section 3.4, the safety factors for each load case for the 
VVM Components are quantified.  In addition, the safety evaluation of the ISFSI Structures is 
carried out using the factored load combinations from ACI-318(2005) [2.6.2] (see Table 2.4.3). 
Summary tables of bounding safety factors are provided for governing load combination for the 
ISFSI Structures. The Licensing Drawing for the HI-STORM UMAX VVM is provided in Section 
1.5. Section 2.6 provides a summary of the applicable regulations and codes and standards for the 
VVM Components and the ISFSI structures. The design of the VVM Components and the ISFSI 
Structures is depicted in sufficient detail in the Licensing Drawing to enable the safety analyses 
summarized in this chapter to be performed. The applicable Design Basis Earthquake is defined by 
the response spectra shown in Figures 2.4.1 and 2.4.2.  

 
3.1.2  Design Criteria and Applicable Loads 
 
Consistent with the provisions of NUREG-1536, the central objective of the structural analysis 
presented in this chapter is to ensure that the HI-STORM UMAX system possesses sufficient 
structural capacity to withstand normal and off-normal loads and the worst case loads under extreme 
environmental phenomenon or accident events. Withstanding such loadings implies that the HI-
STORM UMAX system must successfully preclude the following: 
 
• unacceptable risk of criticality  
• unacceptable release of radioactive materials 
• unacceptable radiation levels 
• impairment of ready retrievability of the SNF 

 
The above design objectives for the HI-STORM UMAX system can be particularized for individual 
components as follows: 
 
• The objective of the structural analysis of the MPC is to demonstrate that: 
 

i. Confinement of radioactive material is maintained under normal, off-normal, accident 
conditions, and natural phenomenon events. 

 
ii. The MPC basket does not deform under credible loading conditions such that the 

subcriticality or retrievability of the SNF is jeopardized. 
 

As stated previously in Section 3.0, the certification of a new MPC design is not envisaged for 
this docket. Any MPC that is to be stored in HI-STORM UMAX must have been certified in 
another docket. 
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Furthermore, the design of the HI-STORM UMAX VVM has been configured such that it maintains 
the steady state stresses acting on the MPC at a lower (equal) level than those that would develop at 
the design basis heat load during storage in the above-ground HI-STORM FW overpack in docket 
number 72-1032. Among the environmental loadings, the case of earthquakes warrants special 
attention because the manner of support provided to the MPC in HI-STORM UMAX is quite 
different from the above ground overpacks. To ensure that the MPC design continues to meet the 
above safety goals under the earthquake event, acceptance criteria for the MPC in Table 3.1.1 have 
been provided. 
 
• The objectives of the structural analysis of the storage modules are to demonstrate that: 
 

i. Large energetic missiles such as tornado-generated missiles (see Subsection 2.4.2) do not 
compromise the integrity of the MPC Confinement Boundary.  

 
ii. The radiation shielding remains properly positioned in the case of any normal, off-normal, or 

natural phenomenon or accident event. 
 

iii. The flow path for the cooling airflow shall remain available under normal and off-normal 
conditions of storage and after an extreme environmental phenomenon or an accident event. 

 
iv. The loads arising from normal, off-normal, and accident level conditions exerted on the 

contained MPC do not violate the structural design criteria of the MPC. 
 

v. No geometry changes occur under any normal, off-normal, and accident level conditions of 
storage that preclude ready retrievability of the contained MPC. 

 
vi. The inter-cask transfer of a loaded MPC can be carried out without exceeding the structural 

capacity of the HI-STORM UMAX module.  
  
Design (and acceptance) criteria for the HI-STORM UMAX VVM components and the ISFSI 
structures are summarized in Tables 2.3.1 and 2.3.2. The acceptance criteria for the MPC are 
provided in Table 3.1.1. 
 
3.1.2.1  Applicable Loadings  
 
Individual loads, applicable to the HI-STORM UMAX System, are defined in Sections 2.4 and 2.5. 
 

3.1.2.2  Design Basis Loads and Load Combinations 
 

i. Design Basis Loads and Load Combinations for VVM Components 
 
Load combinations are developed by assembling the individual loads that may act concurrently, and 
possibly, synergistically. Load cases and design basis loads applicable to the VVM Components are 
summarized in Table 2.4.1. Those load cases in Table 2.4.1 which involve an “interfacing 
component” (namely the stored MPC and the HI-TRAC transfer cask) are analyzed with an 
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appropriate model of the interfacing component included in the simulation of the storage system. For 
example, the evaluation of the design basis earthquake (DBE) loading includes the MPC. Results of 
the analyses carried out under the Design Basis Loads are compared with their respective allowable 
limits and/or functional performance criteria, as applicable. 
 

ii. Design Basis Loads and Load Combinations for ISFSI Structures 
 
The HI-STORM UMAX ISFSI consists of plate-type reinforced concrete structures whose minimum 
section strength properties are defined by Table 2.3.2 and the Licensing Drawings. The ISFSI is 
supported by the subgrade underneath the SFP, which may include pilings, if required, to meet the 
effective shear wave velocity in Table 2.3.2. Table 2.4.3 contains load combinations applicable to 
the ISFSI Structures (reinforced concrete structures) in the HI-STORM UMAX ISFSI.  The 
individual loadings on the ISFSI are: 
 
a. Dead load of the VVM and the concomitant effect of settlement over the Design Life of the 

system (D in Table 2.4.3). The method to incorporate the effect of long-term settlement of the 
subgrade underneath the SFP (also referred to as the “undergrade”), described in Section 3.4, is 
used.  This method essentially consists of using the deflection properties of the different layers to 
define equivalent elastic properties of the subgrade underneath the SFP.  In the finite element 
analysis of the SFP, the equivalent (degraded) elastic properties of the subgrade underneath the 
SFP are utilized to account for the effect of long-term settlement. The Dead load on the SFP 
from the weight of the loaded VVMs nearly equals the weight of the earth removed. Therefore, 
the long-term settlement of the SFP is expected to be quite small. The ISFSI pad will not settle 
relative to the SFP over its service life since it’s supported by the Self-hardening Engineered 
Subgrade (SES).   
 

b. Live load from the loaded transporter acts directly on the ISFSI pad. This load also adds to the 
overall load on the SFP (L in Table 2.4.3). The load from the loaded transporter is the sole live 
load applicable to the ISFSI structures.  

 
c. Seismic load is computed using the methodology presented in Subsection 3.4.4. This load, 

denoted as E in Table 2.4.3, is the aggregate of the peak dynamic load exerted on the ISFSI less 
the dead weight. For conservatism, the load E is applied as a static load in the stress analysis of 
ISFSI structures even though it is transient in nature. 

 
Finally, the subgrade (the space between the ISFSI pad and the Support Foundation Pad) is 
designated as ITS Category C (Table 2.6.2) to insure that it renders its intended function under 
normal as well as extreme environmental conditions. Accordingly, numerical values for the required 
properties such as (spatial average) minimum density, shear wave velocity (Table 2.3.2) and key 
structural strength values (Table 3.3.4) are provided to enable a comprehensive stress analysis. The 
switch to CLSM or lean concrete for the "UMAX" ISFSI is, in contrast to HI-STORM 100U which 
permitted native soil, motivated by considerations to make the ISFSI a competent structure under 
design basis earthquake and other environmental loadings. The structural analyses documented in 
this chapter show that, without crediting an Enclosure Wall (even if present): 
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1. The subgrade in Space A (Figure 2.4.4) will not collapse or otherwise fail causing streaming 

of radiation to the environment if the ISFSI were subject to a Design Basis Earthquake or 
impacted by a Design Basis Missile defined in Chapter 2. 

2. The ISFSI will remain stable if subjected to the Design Basis Earthquake and if its external 
subgrade on any side has been excavated down to the SFP (i.e., no lateral support from the 
subgrade outside the limits of the ISFSI). 

3. Even with the contiguous subgrade excavated down to the support Foundation Pad elevation, 
a Design Basis Missile impacting the subgrade laterally will fail to access the stored MPC. 

4. The MPC will remain retrievable under all design basis loading events. 
 

 
3.1.2.3  Allowables 
 
The important-to-safety components of the HI-STORM UMAX system are identified on the 
drawings in Section 1.5. Allowable stresses, as appropriate, are tabulated for these components for 
all service conditions. 
 
Relationships for allowable stresses and stress intensities for NB [3.1.4] and NF [3.1.5] components 
are provided in Tables 3.1.11 and 3.1.12, respectively.  Tables 3.1.2 through 3.1.8 contain numerical 
values of the stresses/stress intensities for all MPC and VVM load bearing Code materials as a 
function of temperature.  
 
In all tables the terms S, Sm, Sy, and Su, respectively, denote the design stress, design stress intensity, 
minimum yield strength, and the ultimate strength. Property values at intermediate temperatures that 
are not reported in the ASME Code are obtained by linear interpolation. Property values are not 
extrapolated beyond the limits of the Code in any structural calculation.  
 
Additional terms relevant to the stress analysis of the HI-STORM UMAX system extracted from the 
ASME Code (see Figure NB-3222-1, for example) are listed in Table 3.1.10. 
 
 3.1.2.4 Brittle Fracture 
 
HI-STORM UMAX utilizes the same material types as HI-STORM 100 (Docket number 72-1014) 
and HI-STORM FW (docket number 72-1032). In addition, the material thicknesses used in HI-
STORM UMAX do not exceed those in the previously certified HI-STORM modules. Furthermore, 
in comparison to its above ground counterparts, the lowest material temperatures in the HI-STORM 
UMAX shell, because of its underground configuration, will not be as severely affected by the cold 
ambient temperatures in winter months. Therefore, the safety considerations for  brittle fracture for 
the HI-STORM  UMAX structural steel materials are informed (and bounded) by those previously 
used in the above-ground HI-STORM modules (see also Section 8.4). Table 3.1.9 reproduces the 
applicable fracture toughness test requirements for the HI-STORM UMAX VVM from the HI-
STORM FW FSAR.  
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 3.1.2.5 Fatigue 
 
Fatigue is a consequence of a cyclic state of stress applied on a metal part. Failure from fatigue 
occurs if the combination of amplitude of the cyclic stress, σa, and the number of cycles, nf, reaches 
a threshold value at which failure occurs. ASME Code, Section III, Subsection NCA provides the 
σa-nf curves for a number of material types. At nf = 106, the required σa is referred to as the 
“Endurance Limit”. The Endurance Limit for stainless steel (the material used in the MPC) 
according to the ASME Code, Section III, Div. 1, Appendices, Table I.9.2, is approximately 28 ksi.  
 
The causative factors for fatigue expenditure in a non-active system (i.e., no moving parts) such as 
the HI-STORM UMAX system may be: 
 
i. rapid temperature changes 
ii. significant pressure changes 
 
The HI-STORM UMAX system is exposed to the fluctuating thermal state of the ambient 
environment. Effect of wind and relative humidity also play a role in affecting the temperature of the 
cask components. However, the most significant effects are the large thermal inertia of the system 
and the relatively low heat transfer coefficients that act to smooth out the daily temperature cycles.  
 
As a result, the amplitude of the cyclic stresses, to the extent that they are developed, remains orders 
of magnitude below the cask material’s Endurance Limit.  
 
The second causative factor, namely, pressure pulsation, is limited to the only pressure vessel in the 
system – the MPC. Pressure produces several types of stresses in the MPC (see Table 3.1.10); all of 
which are equally effective in causing fatigue expenditure in the metal. However, the amplitude of 
stress from the pressure cycling (due to the changes in the ambient conditions) is quite small and 
well below the Endurance Limit of the stainless steel material.  
 
Therefore, failure from fatigue is not a credible concern for the HI-STORM UMAX system 
components. 
 
3.1.2.6  Buckling 
 
Buckling is caused by compressive stress acting on a slender section. In the HI-STORM UMAX 
system, the steel weldment in the overpack is not slender; its height-to-diameter ratio being less than 
2. There is no source of compressive stress except from the self-weight of the shell and the overpack 
weight of the HI-TRAC transfer cask in the stacked condition, which produces a modest state of 
compressive stress. The state of a small compressive stress combined with a low slenderness ratio 
makes the HI-STORM UMAX VVM safe from the buckling mode of failure. 
 
The only instance of a significant in-plane load on a HI-STORM UMAX part is the impact load 
exerted on the MPC Guides by the lateral rattling of the MPC under the DBE event. Calculations 
have been performed and summarized in this FSAR that demonstrate that the MPC Guides will not 
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buckle.  
 
3.1.2.7  Consideration of Manufacturing and Material Deviations 
 
Departure from the assumed values of material properties in the safety analyses can, in certain cases, 
adversely affect the computed safety margins. Likewise, deviations in manufacturing that inevitably 
occur in custom fabrication of capital equipment may detract from the safety factors reported in this 
chapter. In what follows, the method and measures adopted to ensure that deviations in material 
properties or in the fabricated hardware will not undermine the structural safety conclusions are 
summarized. 
 
It is noted that the yield and ultimate strengths of materials used in the manufacturing of  the HI-
STORM UMAX components will typically  be greater than that assumed in the structural analyses 
because  the ASME Code  mandates all Code materials  meet the minimum certified property values 
set down in the Code tables. Holtec International requires the material supplier to provide a Certified 
Mill Test Report in the format specified in the Code to ensure compliance of all physical properties 
of the supplied material with the specified Code minimums.  
 
The above measures make the probability of an actual material strength property to be falling below 
the assumed value in the structural analysis in this chapter to be non-credible. On the contrary, 
Holtec’s manufacturing experience suggests that the actual properties are likely to be uniformly and 
substantially greater than the assumed values. 
 
A similarly conservative approach is used to ensure that the fabrication processes do not degrade the 
computed safety margins. Towards this end, the fabrication documents (drawings, travelers and shop 
procedures) implement a number of pro-active measures to prevent all known sources of 
development of a strength-adverse condition, such as: 
 
i. All welding procedures are qualified to yield better physical properties than the Code 

minimums. All essential variables that affect weld quality are tightly controlled. 
 
ii. Only those craftsmen who have passed the welding skill criteria implemented in the shop are 

permitted to weld. 
 
iii. A rigorous weld material quality over-check program is employed to ensure that every weld 

wire spool meets its respective Code specification. 
 
iv. All structural welds are specified as minimums: In practice, most exceed the specified 

minimums significantly. All primary structural welds are subject to Q.C. over-check and 
sign-off. 

 
In the event of a deviation that may depress the computed safety margin, a non-conformance report 
is prepared by the manufacturer and subject to a safety analysis by Holtec International’s corporate 
engineering  using the same methodology as that described in this FSAR. The item is accepted only 
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if the safety evaluation musters part 72.48 acceptance criteria. A complete documentation of the life 
cycle of the NCR is archived in the Company’s Permanent Filing System and shared with the 
designated system user. 
 
The above processes and measures have been in place at the Holtec Manufacturing Division to 
ensure that an unacceptable reduction in the safety factors due to variation in material properties and 
manufacturing processes does not occur. The Company’s nuclear manufacturing experience over  
the past 25 years corroborates the effectiveness of the above measures. 
 

3.1.3 Stress Analysis Models and Computer Codes 
 
To evaluate the effect of loads on the HI-STORM UMAX system components, finite element models 
for stress and deformation analysis are developed. The essential attributes of the finite element 
models for the HI-STORM UMAX VVM and the MPC, developed for Design Basis earthquake 
induced impact analyses, are presented in this subsection. All finite element models are three-
dimensional and are prepared to the level of discretization appropriate to the problem to be solved. 
The models are developed using ANSYS and LS-DYNA general purpose codes, which are described 
in Subsection 3.6.2. 
 
Pursuant to ISG-21, the description of the computational model for each component addresses the 
following areas: 
 

· Description of the model, its key attributes and its conservative aspects 
· Types of finite elements used and the rationale for their selection 
· Material properties and applicable temperature ranges 
· Modeling simplifications and their underlying logic 

 
In subsequent subsections, where the finite element models are deployed to analyze the different 
load cases, the presentation includes the consideration of: 
 

· Geometric compliance of the simulation with the physics of the problem 
· Boundary conditions 
· Effect of tolerances on the results 
· Convergence (numerical) of the solutions reported in this FSAR 

 
The input files prepared to implement the finite element solutions as well as detailed results are 
archived in the Calculation Package [3.4.1] within the Company’s Configuration Control System. 
Essential portions of the results for each loading case necessary to draw safety conclusions are 
extracted from the Calculation Packages and reported in this FSAR. Specifically, the results 
summarized from the finite element solutions in this chapter are self-contained to enable an 
independent assessment of the system’s safety. Input data is provided in tabular form as suggested in 
ISG-21. For consistency, the following units are employed to document input data throughout this 
chapter: 
 

· Time: second 
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· Mass: pound 
 
Four commercial computer programs, all with a well-established history of usage in the nuclear 
industry, have been utilized to perform structural and mechanical analyses documented in this 
submittal.  These codes are described in Subsection 3.6.2.  
 
3.1.3.1 HI-STORM UMAX VVM 
 
The physical geometry and materials of construction of the HI-STORM UMAX modules are 
provided in Chapter 1 including the drawings in Section 1.5. The HI-STORM UMAX VVM finite 
element model is developed for the seismic Soil Structure Interaction (SSI) analysis of the standard 
5×5 VVM array (see Figure 1.0.1), which is fully loaded with the tallest and heaviest MPC allowed 
to be stored in this underground storage system.  The key attributes of the HI-STORM UMAX VVM 
LS-DYNA finite element model are: 
 
i. Shell elements are used to model the divider shell and CEC except for the CEC base plate 

and MPC pedestals, which are modeled using thick shell and solid elements, respectively.  
The VVM lid model is conservatively simplified as a rigid solid body to maximize the 
contact force at the lid/CEC interface.  The bounding MPC stored in the VVM is 
conservatively represented by a rigid cylinder to yield bounding stresses in the VVM 
structural members and bounding loads for the ISFSI structural components. 
 

ii. Based on the experience gained in developing the HI-STORM 100U (docket number 72-
1014) VVM model, the HI-STORM UMAX VVM model is meshed sufficiently fine to 
capture the primary stresses developed under the Design Basis Earthquake condition.     
 

iii. Except for the divider shell, CEC baseplate and MPC pedestal, which are conservatively 
assumed to behave linear elastically to maximize the predicted impact loads under the 
seismic condition, the VVM steel members are represented by their applicable nonlinear 
elastic-plastic true stress-strain relationships, which can be found directly from [3.1.2] or 
derived from engineering stress-strain data. The methodology used for obtaining a true 
stress-strain curve from a set of engineering stress-strain data (e.g., strength properties from 
[3.3.2]) is provided in [3.1.6], which utilizes the following power law relation to represent 
the flow curve of metal in the plastic deformation region: 

 
nKε=σ   

 
where n is the strain-hardening exponent and K is the strength coefficient. Table 3.1.14 
provides the values of K and n used to model the behavior of the structural materials in LS-
DYNA.  

 
The key input data of the VVM model is listed in Table 3.1.13. 
 
3.1.3.2  Multi-Purpose Canister (MPC) 
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The structural qualification of the MPCs is documented in the HI-STORM FW FSAR. The finite 
element model of the MPC is needed, however, for two reasons: 
 

i. To determine the structural consequences of the impact of the MPC’s “hard points”, namely 
the Top Lid and the Baseplate locations, with the radial guides welded to the CEC under the 
DBE. 

 
ii. To ensure that the maximum deceleration sustained by each MPC due to their impact with 

the Guides is less than the acceptable value (see Table 3.1.1).  
  

The LS-DYNA finite element model of the MPC is essentially identical to that developed for the 
non-mechanistic tipover analysis for HI-STORM FW (docket number 72-1032).  The contents of the 
MPC, i.e., fuel assemblies, fuel basket and basket shims, are explicitly modeled to account for the 
interaction between the MPC shell and the MPC contents.  Moreover, the MPC model employs a 
refined element grid in the impact regions of the canister. Additional attributes of the finite element 
model are: 
 

i. The MPC shell and fuel basket are modeled using LS-DYNA thick shell elements while the 
MPC lid, baseplate and each fuel assembly are modeled using solid elements.  The MPC lid-
to-shell weld is also explicitly modeled using solid elements. The finite element 
discretization of the MPC is sufficiently detailed to accurately articulate the primary 
membrane and bending stresses as well as the secondary stresses at locations of impact. 

 
ii. The material properties of the MPC components are taken based on the calculated bounding 

temperatures under normal storage condition.  The fuel basket is divided into four regions 
based on the temperature distribution of the basket in order to use more realistic material 
properties for the finite element analysis; the same approach was used in the HI-STORM FW 
tipover analysis. 
 

iii. Except for the fuel assembly model, which is assumed to behave linear elastically, all other 
MPC structural members are characterized by the true stress-strain relationship of the 
material to accurately determine the actual plastic deformation in the MPC enclosure vessel 
for the confinement evaluation of the MPC under impact condition.  
 

The key input data of the MPC enclosure vessel model is listed in Table 3.1.15. 
  
3.1.3.3  HI-TRAC Transfer Cask 
 
The structural qualification of the transfer casks is contained in the HI-STORM FW FSAR. There 
are no new loads that arise from the operations described in Chapter 9. Therefore, no additional 
analysis of the transfer cask is performed in this chapter.  In the LS-DYNA SSI analysis, the loaded 
HI-TRAC, along with the transfer cask transporter, is represented as a rigid body in the finite 
element model for conservatism.  
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Table 3.1.1 
 

ACCEPTANCE CRITERIA FOR MPCs FOR DEPLOYMENT IN HI-STORM UMAX 
       ITEM   Limiting Value Source 

1. 
Maximum permissible deceleration 
under seismic or mechanical 
loading condition 

There is no design basis 
deceleration limit on the 

MPC. However, the 
computed value (i.e., 

61.75 g’s) for the non-
mechanistic tip-over 

event in the HI-STORM 
FW docket can be 

conservatively used for 
the safety evaluation.  

Section 3.4 of the HI-
STORM FW FSAR 

2. Maximum local plastic strain in the 
confinement boundary shell 0.1 Reference [3.1.3] 
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Table 3.1.2 

 
DESIGN AND LEVEL A: ALLOWABLE STRESS 

 
  Reference Code: ASME NF 
  Material:  A36 
  Service Conditions: Design and Normal  
  Item:   Stress  
 

Temp. (Deg. F) 
Classification and Value (ksi) 

S Membrane Stress Membrane plus 
Bending Stress 

-20 to 650 16.6 16.6 24.9 
700 15.6 15.6 23.4 

 
Notes: 
 

 1. S = Maximum allowable stress values from Table 1A of ASME Code, Section II, Part D. 
2. Stress classification per Paragraph NF-3260.  
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Table 3.1.3 
 

LEVEL B: ALLOWABLE STRESS 
 

   Reference Code: ASME NF 
   Material:  A36 
   Service Conditions: Off-Normal  
   Item:   Stress  
 

Temp. (Deg. F) 
Classification and Value (ksi) 

Membrane Stress Membrane plus 
Bending Stress 

-20 to 650 22.1 33.1 
700 20.7 31.1 
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Table 3.1.4A 
 

DESIGN AND LEVEL A: ALLOWABLE STRESS 
 
  Code:   ASME NF 
  Material:  A516 (A515) Grade 70, A350-LF3 (A350-LF2) 
  Service Conditions: Design and Normal  
  Item:   Allowable Stress  
 

Temp. (Deg. F) 
Classification and Value (ksi) 

S Membrane Stress Membrane plus 
Bending Stress 

-20 to 400 20.0 20.0 30.0 
500 19.6 19.6 29.4 
600 18.4 18.4 27.6 
650 17.8 17.8 26.7 
700 17.2 17.2 25.8 
800 12.0 12.0 18.0 

 
Notes: 
 
1. S = Maximum allowable stress values from Table 1A of ASME Code, Section II, Part D. 
2. Stress classification per Paragraph NF-3260.  

3. Maximum allowable stress values are the lowest of all values for the candidate materials 
(A516 (A515) Grade 70, A350-LF3 (A350-LF2)) at corresponding temperature.  
Calculations can be performed using the allowable stress values from this table or using the 
values directly taken from the ASME code [3.1.4] for a specific candidate material. 
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Table 3.1.4B 

 
DESIGN AND LEVEL A: ALLOWABLE STRESS 

 
  Code:   ASME NF 
  Material:  A240-304, A240-304L 
  Service Conditions: Design and Normal  
  Item:   Allowable Stress  
 

Temp. (Deg. F) 
Classification and Value (ksi) 

S Membrane Stress Membrane plus 
Bending Stress 

-20 to 300 16.7 16.7 25.05 

400 15.8 15.8 23.7 

500 14.7 14.7 22.05 

600 14.0 14.0 21.0 

650 13.7 13.7 20.55 

700 13.5 13.5 20.25 
 
Notes: 
 
1. S = Maximum allowable stress values from Table 1A of ASME Code, Section II, Part D. 
2. Stress classification per Paragraph NF-3260.  

3. Maximum allowable stress values are the lowest of all values for the candidate materials 
(A240-304, A240-304L) at corresponding temperature.  Calculations can be performed using 
the allowable stress values from this table or using the values directly taken from the ASME 
code [3.1.4] for a specific candidate material. 
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Table 3.1.5A 
 

LEVEL B: ALLOWABLE STRESS 
 

  Code:   ASME NF 
  Material:  A516 (A515) Grade 70, A350-LF3 (A350-LF2) 
  Service Conditions: Off-Normal  
  Item:   Allowable Stress  
 

Temp. (Deg. F) 
Classification and Value (ksi) 

Membrane Stress Membrane plus 
Bending Stress 

-20 to 400 26.6 39.9 
500 26.1 39.1 
600 24.5 36.7 
650 23.7 35.5 
700 22.9 34.3 

 
Notes: 
 
1. Maximum allowable stress values are the lowest of all values for the candidate materials 

(A516 (A515) Grade 70, A350-LF3 (A350-LF2)) at corresponding temperature.  
Calculations can be performed using the allowable stress values from this table or using the 
values directly taken from the ASME code [3.1.4] for a specific candidate material. 
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Table 3.1.5B 
 

LEVEL B: ALLOWABLE STRESS 
 

  Code:   ASME NF 
  Material:  A240-304, A240-304L 
  Service Conditions: Off-Normal  
  Item:   Allowable Stress  
 

Temp. (Deg. F) 
Classification and Value (ksi) 

Membrane Stress Membrane plus 
Bending Stress 

-20 to 300 22.2 33.3 
400 21.0 31.5 
500 19.5 29.3 
600 18.6 27.9 
650 18.2 27.3 
700 17.9 26.9 

 
Notes: 
 
2. Maximum allowable stress values are the lowest of all values for the candidate materials 

(A240-304, A240-304L) at corresponding temperature.  Calculations can be performed using 
the allowable stress values from this table or using the values directly taken from the ASME 
code [3.1.4] for a specific candidate material. 
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Table 3.1.6A 
 

LEVEL D: ALLOWABLE STRESS INTENSITY 
 
    Code:   ASME NF 
    Material:  A516 (A515) Grade 70 
    Service Conditions: Accident  
    Item:   Stress Intensity 
 

Temp. (Deg. F) 

Classification and Value (ksi) 

Sm 
Pm 

AMAX (1.2Sy, 1.5Sm), 
but < 0.7 Su 

Pm + Pb 

150% of Pm 

-20 to 100  23.3 45.6 68.4 

200 23.2 41.8 62.7 

300 22.4 40.3 60.4 

400 21.6 39.0 58.5 

500 20.6 37.2 55.8 

600 19.4 34.9 52.4 

650 18.8 33.8 50.7 

700 18.1 32.9 49.4 

 
Notes:  
 
1. Level D allowable stress intensities per Appendix F, Paragraph F-1332. 
2. Sm = Stress intensity values per Table 2A of ASME, Section II, Part D.  
3. Pm and Pb denote Primary Membrane and Primary Bending Stress, respectively.  
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Table 3.1.6B 
 

LEVEL D: ALLOWABLE STRESS INTENSITY 
 
    Code:   ASME NF 
    Material:  A240-304, A240-304L 
    Service Conditions: Accident  
    Item:   Stress Intensity 
 

Temp. (Deg. F) 

Classification and Value (ksi) 

Sm 
Pm 

AMAX (1.2Sy, 1.5Sm), 
but < 0.7 Su 

Pm + Pb 

150% of Pm 

-20 to 100  16.7 30.0 45.0 

200 16.7 25.6 38.5 

300 16.7 25.0 37.5 

400 15.8 23.7 35.5 

500 14.7 22.0 33.0 

600 14.0 21.0 31.5 

650 13.7 20.5 30.8 

700 13.5 20.2 30.3 

 
Notes:  
 
1. Level D allowable stress intensities per Appendix F, Paragraph F-1332. 
2. Sm = Stress intensity values per Table 2A of ASME, Section II, Part D.  
3. Pm and Pb denote Primary Membrane and Primary Bending Stress, respectively.  
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Table 3.1.7 
 

DESIGN, LEVELS A AND B: ALLOWABLE STRESS INTENSITY 
 

   Code:   ASME NB 
   Material:  Alloy X 
   Service Conditions: Design, Levels A and B (Normal and Off-Normal) 
   Item:   Stress Intensity 
 

Temp. 
(Deg. F) 

Classification and Numerical Value 

Sm Pm
† PL

† PL + Pb
† PL+ 

Pb+Q†† Pe
†† 

-20 to 100  20.0 20.0 30.0 30.0 60.0 60.0 
200 20.0 20.0 30.0 30.0 60.0 60.0 
300 20.0 20.0 30.0 30.0 60.0 60.0 
400 18.6 18.6 27.9 27.9 55.8 55.8 
500 17.5 17.5 26.3 26.3 52.5 52.5 
600 16.5 16.5 24.75 24.75 49.5 49.5 
650 16.0 16.0 24.0 24.0 48.0 48.0 
700 15.6 15.6 23.4 23.4 46.8 46.8 
750 15.2 15.2 22.8 22.8 45.6 45.6 
800 14.8 14.8 22.2 22.2 44.4 44.4 

 
Notes:  
 
 1. Sm = Stress intensity values per Table 2A of ASME II, Part D. 

2. Alloy X Sm values are the lowest values for each of the candidate materials at 
corresponding temperature.  

3. Stress classification per NB-3220. 
4. Pm, PL, Pb, Q, and Pe are defined in Table 3.1.10.  

                                                 
†  Evaluation required for Design condition only. 
††  Evaluation required for Levels A, B conditions only. Pe not applicable to vessels.  
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Table 3.1.8 

 
LEVEL D: ALLOWABLE STRESS INTENSITY 

 
    Code:   ASME NB  
    Material:  Alloy X 
    Service Conditions: Level D (Accident) 
    Item:   Stress Intensity 
 

Temp. (Deg. 
F) 

Classification and Value (ksi) 
Pm PL PL + Pb 

-20 to 100  48.0 72.0 72.0 
200 48.0 72.0 72.0 
300 46.3 69.45 69.45 
400 44.6 66.9 66.9 
500 42.0 63.0 63.0 
600 39.6 59.4 59.4 
650 38.4 57.6 57.6 
700 37.4 56.1 56.1 
750 36.5 54.8 54.8 
800 35.5 53.25 53.25 

    
Notes: 
 
1. Level D stress intensities per ASME NB-3225 and Appendix F, Paragraph F-1331. 
2. The average primary shear strength across a section loaded in pure shear may not exceed 

0.42 Su. 
3. Stress classification per NB-3220. 
4. Pm, PL, and Pb are defined in Table 3.1.10. 
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Table 3.1.9 
 

FRACTURE TOUGHNESS TEST REQUIREMENTS 
 

Material 
  

Test Requirement Test  
Temperature 

Acceptance  
Criterion 

Ferritic steel with nominal section thickness of 5/8" or less Not required per NF-2311(b)(1) - - 

A516 Gr. 70 (greater than 5/8”) used for CEC base plate, 
CEC containment shell, CEC baffle plate, inlet plenum 
cover plate, inlet plenum corner gusset, inlet plenum side 
gusset, inlet plenum air-intake flange (see Note 2), MPC 
pedestal bearing pad, divider shell flange, divider shell 
flange gusset, lower and upper MPC guides, closure lid 
shear ring, closure lid strongback, closure lid bottom plate, 
closure lid outer shell, closure lid cover plate. 

Not required per NF-2311 (b)(7)   

Weld material Test per NF-2430 if: 
(1) either of the base materials of the 
production weld requires impact testing, 
or; 
(2)         either of the base materials is 
A516 Gr. 70 with nominal section 
thickness greater than 5/8”. 

See Note 1 
 

Per NF-2330 

 
Note: 
1. Required NDT temperature = -40 deg. F for all materials in the HI-STORM UMAX VVM “NF”  materials. 

       2. The optional A105/SA350 LF2 materials are exempted from impact testing per NF-2311(b)(7). 
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Table 3.1.10 
 

ORIGIN, TYPE AND SIGNIFICANCE OF STRESSES IN THE HI-STORM UMAX SYSTEM 
 

Symbol 
 

Description 
 

Notes 
 
Pm Primary 

membrane 
stress  

 
Excludes effects of discontinuities and concentrations.  Produced by pressure and mechanical loads. Primary membrane stress 
develops in the MPC Enclosure Vessel shell. Limits on Pm exist for normal (Level A), off-normal (Level B), and accident 
(Level D) service conditions.  

 
PL Local 

membrane 
stress  

 
Considers effects of discontinuities but not concentrations.  Produced by pressure and mechanical loads, including earthquake 
inertial effects. PL develops in the MPC Enclosure Vessel wall due to impact between the VVM guides and the MPC (near the 
top of the MPC) under an earthquake (Level D condition). However, because there is no Code limit on PL under Level D event, 
a limit on the local strain consistent with the approach in the HI-STORM FW docket is used.  

 
Pb 

 
Primary 
bending stress 

 
Component of primary stress proportional to the distance from the centroid of a solid section. Excludes the effects of 
discontinuities and concentrations. Produced by pressure and mechanical loads, including earthquake inertial effects. Primary 
bending stress develops in the top lid and baseplate of the MPC, which is a pressurized vessel. Lifting of the loaded MPC using 
the so-called “lift cleats” also produces primary bending stress in the MPC lid. Similarly, the top lid of the HI-STORM UMAX 
module, a plate-type structure, withstands the snow load or pressure loading from explosion by developing primary bending 
stress.  

 
Pe 

 
Secondary 
expansion stress 

 
Stresses that result from the constraint of free-end displacement. Considers effects of discontinuities but not local stress 
concentration (not applicable to vessels). It is shown that there is no interference between component parts due to free thermal 
expansion. Therefore, Pe does not develop within any HI-STORM UMAX component.  

 
Q 

 
Secondary 
membrane plus 
bending stress 

 
Self-equilibrating stress necessary to satisfy continuity of structure. Occurs at gross structural discontinuities. Can be caused by 
pressure, mechanical loads, or differential thermal expansion. The junction of MPC shell with the baseplate and top lid 
locations of gross structural discontinuity, where secondary stresses develop as a result of internal pressure. Secondary stresses 
would also develop at the two extremities of the MPC shell if a thermal gradient were to exist. However, because the top and 
bottom regions of the MPC cavity also serve as the top and bottom plenums, respectively, for the recirculating helium, the 
temperature field in the regions of gross discontinuity is essentially uniform, and as a result, the thermal stress adder is 
insignificant and neglected .   

 
F 

 
Peak stress 

 
Increment added to primary or secondary stress by a concentration (notch), or, certain thermal stresses that may cause fatigue 
but not distortion.  Because fatigue is not a credible source of failure in a passive system with gradual temperature changes, the 
cumulative damage factor from fatigue is not computed for HI-STORM UMAX components.  
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Table 3.1.11 
 

MPC CONFINEMENT BOUNDARY STRESS INTENSITY LIMITS  
FOR DIFFERENT LOADING CONDITIONS (ELASTIC ANALYSIS PER NB-3220)† 

Stress Category Design Level A Level D†† 

Primary Membrane, Pm Sm Sm AMIN (2.4Sm, .7Su) 

Local Membrane, PL 1.5Sm 1.5Sm 150% of Pm Limit 

Membrane plus Primary Bending  1.5Sm 1.5Sm 150% of Pm Limit 

Primary Membrane plus Primary 
Bending 1.5Sm N/A 150% of Pm Limit 

Membrane plus Primary Bending plus 
Secondary N/A 3Sm N/A 

Average Shear Stress†††† 0.6Sm 0.6Sm 0.42Su 

 

                                                 
† Stress combinations including F (peak stress) apply to fatigue evaluations only. 
†† Governed by Appendix F, Paragraph F-1331 of the ASME Code, Section III. 
†††† Governed by NB-3227.2 or F-1331.1(d). 
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 Table 3.1.12 
 

STRESS AND ACCEPTANCE LIMITS FOR DIFFERENT 
LOADING CONDITIONS FOR THE STEEL STRUCTURE OF THE  

HI-STORM UMAX 
 

STRESS CATEGORY DESIGN + NORMAL OFF-NORMAL ACCIDENT† 
Primary Membrane, Pm S 1.33·S See footnote 

Primary Membrane, 
Pm, plus Primary 

Bending, Pb 

1.5·S 1.995·S See footnote 

Shear Stress 
(Average) 

0.6·S 0.6·S See footnote 

 
 Definitions: 
 

S = Allowable Stress Value for Table 1A, ASME Section II, Part D. 
Sm = Allowable Stress Intensity Value from Table 2A, ASME Section II, Part D 
Su = Ultimate Stress 

 
 
 
 
 
 

                                                 
†  Under accident conditions, the cask must maintain its physical integrity, the loss of solid shielding (concrete, steel, as applicable) shall be minimal and the 
MPC must remain retrievable. 
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Table 3.1.13 
 

KEY INPUT DATA FOR FINITE ELEMENT MODEL OF HI-STORM UMAX VVM 
Item Value 

Overall height of HI-STORM UMAX VVM   
(including Closure lid) from bottom of SFP to 
top of ISFSI pad 

[PROPRIETARY INFORMATION WITHHELD IN 
ACCORDANCE WITH 10 CFR 2.390] 

Height of CEC shell cavity including the top 
surface of the flange 

[PROPRIETARY INFORMATION WITHHELD IN 
ACCORDANCE WITH 10 CFR 2.390] 

Height of top lid above top of grade [PROPRIETARY INFORMATION WITHHELD IN 
ACCORDANCE WITH 10 CFR 2.390] 

Inside diameter of HI-STORM UMAX storage 
cavity (CEC shell) (See Note 1) 

[PROPRIETARY INFORMATION WITHHELD IN 
ACCORDANCE WITH 10 CFR 2.390] 

Outside diameter of Closure Lid [PROPRIETARY INFORMATION WITHHELD IN 
ACCORDANCE WITH 10 CFR 2.390] 

CEC shell thickness [PROPRIETARY INFORMATION WITHHELD IN 
ACCORDANCE WITH 10 CFR 2.390] 

Thickness of CEC flange [PROPRIETARY INFORMATION WITHHELD IN 
ACCORDANCE WITH 10 CFR 2.390] 

Lifting rib (in the Closure Lid outlet pipe) 
thickness 

[PROPRIETARY INFORMATION WITHHELD IN 
ACCORDANCE WITH 10 CFR 2.390] 

CEC Baseplate thickness [PROPRIETARY INFORMATION WITHHELD IN 
ACCORDANCE WITH 10 CFR 2.390] 

Material of construction [PROPRIETARY INFORMATION WITHHELD IN 
ACCORDANCE WITH 10 CFR 2.390] 

Ref. temperature for material properties [PROPRIETARY INFORMATION WITHHELD IN 
ACCORDANCE WITH 10 CFR 2.390] 

Concrete density(reference) † [PROPRIETARY INFORMATION WITHHELD IN 
ACCORDANCE WITH 10 CFR 2.390] 

 
Notes   
 
1. UMAX System may have an MPC with increased shell thickness with corresponding 

increased MPC outside diameter and UMAX storage cavity inside diameter. Such systems 
are equivalent to or bounded by the existing structural analysis for the UMAX VVM listed in 
this table. 

 

                                                 
†  The ISFSI Pad may have a dry density of 135 lb/ft,3 and the SFP may have a dry density of 120 lb/ft3; however, 
using 150 lb/ft3 as a reference dry density for all of the concrete is conservative. 
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Table 3.1.14 

 
VALUES OF “K” AND “n” USED TO MODEL ELASTIC-PLASTIC BEHAVIOR 

OF HI-STORM UMAX COMPONENTS IN LS-DYNA 

Component Material Ref. 
Temperature 

K† 
(psi) n† 

MPC Lid Alloy X 500ºF 1.055 × 105 0.235 

MPC Shell Alloy X 475ºF 1.156 × 105 0.246 

MPC Baseplate Alloy X 350ºF 1.161 × 105 0.236 

CEC Shell A516 Gr. 70 150ºF 1.124 × 105 0.171 

Fuel Basket 
 

Metamic-HT  
 

644ºF  1.764 × 104 0.060 

617ºF  1.879 × 104 0.056 

572ºF  2.116 × 104 0.051 

392ºF  2.712 × 104 0.075 
 
 
 
 
 
 
 
 
 

                                                 
†  K and n are defined in Subsection 3.1.3.1. 
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Table 3.1.15 
 

KEY INPUT DATA FOR LS-DYNA MODEL OF GOVERNING MPC ENCLOSURE VESSEL 
Item Value 

Overall Height of MPC 213 in (for maximum length fuel) 

Outside diameter of MPC 75.5 in (see Notes 1 and 2) 

MPC upper lid thickness 4.5 in 

MPC lower lid thickness 4.5 in 

MPC shell thickness (see Note 2) 0.5 in 

MPC baseplate thickness 3.0 in 

Material Austenitic stainless steel (Alloy X in Docket # 
72-1014) 

Ref. temperature for material properties [3.1.7] 
 
 
Notes: 
 
1. Input value is slightly less than the outside diameter (75.75 in) of the MPC-37 and MPC-89 

per the Licensing drawings in Section 1.5. The use of a smaller diameter is conservative 
because it increases the clearance gap between the MPC and the MPC guide plates, which 
results in higher lateral impact loads between them during the Design Basis Earthquake. 

 
2.  UMAX System may have an MPC with increased shell thickness with corresponding 

increased MPC outside diameter and UMAX Divider and Container Shell inner diameters. 
Such systems are bounded by the existing structural analysis for the governing MPC listed in 
this table because of the increased structural capacity of the thicker shell in addition to the 
reasons provided in Note 1 above. 
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3.2 WEIGHTS AND CENTERS OF GRAVITY 
 
Table 3.2.1 provides bounding weight data of the movable components (Closure lid, MPC, HI-
TRAC and the transporter) required for the structural analysis of the HI-STORM UMAX. The 
weight data is selected to bound all types of MPCs, HI-TRACs and transporters that may be 
employed with the HI-STORM UMAX system.  
 
Table 3.2.2 provides limiting (maximum and minimum) dimensional data that bound the MPC types 
certified in docket number 72-1032. 
 
Because the HI-STORM UMAX is immovable and is situated underground, its CG data is not 
germane to safety evaluation. The Closure Lid is essentially a radially symmetric structure and, as 
such, its center-of-gravity is closely aligned with its axis of symmetry. 
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Table 3.2.1 

 
 HI-STORM MPC, LID, HI-TRAC AND TRANSPORTER WEIGHT & PRESSURE  DATA 

USED IN STRUCTURAL ANALYSES 

Item Bounding Weight or Value 

Closure Lid 35,000 lb 

Loaded Transfer cask 270,000 lb (Note 1) 

MPC 110,000 lb (Note 1) 

LOADED TRANSPORTER DATA (Note 2) 
 

 

• Weight of empty Transporter plus rigging (used 
to carry the loaded transfer cask) 180,000 lbs 

• Reference length and width of each load patch 
(two load patches per transporter) 197.1875 inch long × 29.5 inch wide (Note 2) 

• Computed average normal pressure (based on 
loaded transporter weight and calculated area of 
two load patches) 

38.68 psi 

Notes: 
1. Maximum MPC weight and HI-TRAC weights are intended to bound all MPCs (listed in Table 

1.2.1) and transfer casks that may be used to load fuel in  the HI-STORM UMAX VVM. 
2. Transporter reference data is based on typical transporters being used at Holtec ISFSI sites. 
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Table 3.2.2 
 

LIMITING PARAMETERS 
 Item  PWR BWR 

1. Minimum unirradiated fuel 
assembly length (nominal), inch 157 171 

2. Maximum unirradiated fuel 
assembly length (nominal), inch 199.2 181.51 

3. Maximum MPC length, inch 213 195 

4. Minimum MPC length, inch 171 185 
 

 
 
 
________________________  
1 Maximum fuel assembly length for the BWR fuel assembly refers to the maximum fuel assembly length plus an 
additional 5” to account for a Damage Fuel Container (DFC). 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001305

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 257 of 301
(1329 of 2110)



 

 
HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 

HI-2115090      Rev. 3 
3-36 

 

3.3 MECHANICAL PROPERTIES OF MATERIALS 
  
This section provides the mechanical properties used in the structural evaluation of the HI-STORM 
UMAX VVM. The properties include yield stress, ultimate stress, modulus of elasticity, Poisson's 
ratio, weight density, and coefficient of thermal expansion. Values are presented for a range of 
temperatures which envelope the maximum and minimum temperatures under all service conditions 
applicable to the HI-STORM UMAX system components. 
 
The materials selected for use in the HI-STORM UMAX VVM are presented on the drawings in 
Section 1.5. In this chapter, the materials are divided into two categories, structural and 
nonstructural. Structural materials are materials that act as load bearing members and are, therefore, 
significant in the stress evaluations. Materials that do not support mechanical loads are considered 
nonstructural.  For nonstructural materials, the principal property that is used in the structural 
analysis is weight density. In local deformation analysis, however, such as the study of penetration 
from a tornado-borne missile, the properties of plain concrete in the HI-STORM Closure Lid are 
included.  
 
Table 2.6.2 lists applicable codes, materials of construction, and ITS designations for the functional 
parts in the HI-STORM UMAX system. 
  
 3.3.1  Structural Materials 
 
Tables 3.3.1 and 3.3.2 provide the numerical values of the material properties needed for structural 
analysis. 
 

a. Reinforced concrete is used in the construction of the concrete ISFSI Structures, namely, the 
ISFSI pad, the SFP, and possibly the optional Enclosure Wall. All reinforced concrete load 
bearing structures in the HI-STORM UMAX ISFSI will conform to stress criteria of ACI-
318(2005). Table 3.3.4 provides the required properties for reinforced concrete.  

 
b. Weld materials: All weld materials utilized in the welding of the Code components comply 

with the provisions of the appropriate ASME subsection (e.g., Subsection NB for the MPC 
enclosure vessel) and Section IX. All non-code welds will be made using weld procedures 
that meet Section IX of the ASME Code. The minimum tensile strength of the weld wire and 
filler material (where applicable) will be equal to or greater than the tensile strength of the 
base metal listed in the ASME Code. 
 

c. Subgrade material: As described in subsection 1.2.2, the subgrade material in Space A in 
Figure 2.4.4 serves a structural function under certain design basis loading events, namely 
the Design Basis Earthquake (DBE) and the Design Basis Missile (DBM) impact events. 
Therefore, it is classified as ITS Category C material. The critical characteristics assumed for 
qualifying the “UMAX” ISFSI under the above mentioned design basis loadings are 
summarized in Table 3.3.4.   

3.3.2  Nonstructural Materials 
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Plain concrete used in the Closure lid and the non-organic insulation used on the outside surface of 
the Divider shell are the two non-structural materials used in the HI-STORM UMAX VVM 
assembly. 
 
The primary function of the unreinforced concrete in the VVM Closure Lid is shielding. 
Unreinforced concrete is not considered as a primary load-bearing (structural) member. However, its 
ability to withstand compressive, bearing and penetrant loads under the design basis and various 
service conditions is analyzed. Chapters 2 and Chapter 8 provide requirements on plain 
(unreinforced) concrete. The compressive strength, bearing stress limit and the reference dry density 
applicable to the Closure Lid plain concrete is specified in Table 3.3.3 herein. The allowable bearing 
strength of plain concrete for normal loading conditions is calculated in accordance with ACI-318 
(2005) [3.4.6]. The procedure specified in ASTM C-39 [3.3.1] is utilized to verify that the assumed 
compressive strength will be realized in the actual in-situ pours. 
 
3.3.3         ISFSI Materials 

 
The mechanical properties of reinforced concrete, subgrade and undergrade required for stress and 
strength analysis are provided in Tables 3.3.4 and 3.3.5.  
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Table 3.3.1A 

 
RELEVANT MATERIAL PROPERTIES FOR HI-STORM UMAX 

YIELD, ULTIMATE, LINEAR THERMAL EXPANSION,  
YOUNG’S MODULUS 

 
Temp. 

(Deg. F) 

A516 and A515, Grade 70 

Sy Su α E 

 
-40 

 
38.0 

 
70.0 

 
--- 

 
29.98 

 
100 

 
38.0 

 
70.0 

 
6.5 

 
29.26 

 
150 

 
35.7 

 
70.0 

 
6.6 

 
29.03 

 
200 

 
34.8 

 
70.0 

 
6.7 

 
28.8 

 
250 

 
34.2 

 
70.0 

 
6.8 

 
28.55 

 
300 

 
33.6 

 
70.0 

 
6.9 

 
28.3 

 
350 

 
33.05 

 
70.0 

 
7.0 

 
28.1 

 
400 

 
32.5 

 
70.0 

 
7.1 

 
27.9 

 
450 

 
31.75 

 
70.0 

 
7.2 

 
27.6 

 
500 

 
31.0 

 
70.0 

 
7.3 

 
27.3 

 
550 

 
30.05 

 
70.0 

 
7.3 

 
26.9 

 
600 

 
29.1 

 
70.0 

 
7.4 

 
26.5 

 
650 

 
28.2 

 
70.0 

 
7.5 

 
26.0 

 
700 

 
27.2 

 
70.0 

 
7.6 

 
25.5 

 
750 

 
26.3 

 
69.1 

 
7.7 

 
24.85 

 
800 

 
25.5 

 
64.3 

 
7.8 

 
24.2 
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Table 3.3.1B 

 
RELEVANT MATERIAL PROPERTIES FOR HI-STORM UMAX 

YIELD, ULTIMATE, LINEAR THERMAL EXPANSION,  
YOUNG’S MODULUS 

 
Temp. 

(Deg. F) 

A240-304, A240-304L, A479-304 and A479-304L (Note 1) 

Sy Su α E 

 
-40 

 
25.0 

 
70.0 

 
--- 

 
28.88 

 
100 

 
25.0 

 
70.0 

 
8.6 

 
28.12 

 
200 

 
21.4 

 
66.1 

 
8.9 

 
27.5 

 
300 

 
19.2 

 
61.2 

 
9.2 

 
27.0 

 
400 

 
17.5 

 
58.7 

 
9.5 

 
26.4 

 
500 

 
16.4 

 
57.5 

 
9.7 

 
25.9 

 
600 

 
15.5 

 
56.9 

 
9.9 

 
25.3 

 
650 

 
15.2 

 
56.7 

 
9.9 

 
25.05 

 
700 

 
15.0 

 
56.4 

 
10.0 

 
24.8 

 
750 

 
14.7 

 
56.0 

 
10.0 

 
24.45 

 
800 

 
14.5 

 
55.4 

 
10.1 

 
24.1 

 
Notes:  
 
1. The yield and ultimate strength values are the lowest of the values for the materials (A240-304, 
A240-304L, A479-304 and A479-304L) at corresponding temperature; the material properties are 
obtained from [3.3.2].  
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Table 3.3.2 

 
A36 MATERIAL PROPERTIES 

  
Temp.  
(Deg. F) 

 
A36 

 
Sy  

 
Su  

 
α 

 
E 

 
-40 

 
36.0 

 
58.0 

 
--- 

 
29.98 

 
100 

 
36.0 

 
58.0 

 
6.5 

 
29.26 

 
150 

 
33.8 

 
58.0 

 
6.6 

 
29.03 

 
200 

 
33.0 

 
58.0 

 
6.7 

 
28.8 

 
250 

 
32.4 

 
58.0 

 
6.8 

 
28.55 

 
300 

 
31.8 

 
58.0 

 
6.9 

 
28.3 

 
350 

 
31.3 

 
58.0 

 
7.0 

 
28.1 

 
400 

 
30.8 

 
58.0 

 
7.1 

 
27.9 

 
450 

 
30.05 

 
58.0 

 
7.2 

 
27.6 

 
500 

 
29.3 

 
58.0 

 
7.3 

 
27.3 

 
550 

 
28.45 

 
58.0 

 
7.3 

 
26.9 

 
600 

 
27.6 

 
58.0 

 
7.4 

 
26.5 

 
650 

 
26.7 

 
58.0 

 
7.5 

 
26.0 

+ 
700 

 
25.8 

 
58.0 

 
7.6 

 
25.5 

 
Definitions:   
 

Sy = Yield Stress (ksi)   
α  = Mean Coefficient of thermal expansion (in./in./0F x 10-6) 
Su = Ultimate Stress (ksi)   
E  = Young's Modulus (psi x 106)  
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Table 3.3.3 
 

HI-STORM UMAX VVM LID PLAIN CONCRETE PROPERTIES  
Input Parameter Value 

Density, lbf/ft3 Table 2.3.2 

Poisson’s ratio 0.17 

Compressive strength, psi Table 2.3.2 

Concrete Allowable Bearing Stress, psi 4,420 (Note 1) 

Young’s modulus, psi 57,000 × (Concrete compressive strength in psi)1/2 
Notes: 
1. Per ACI-318 (2005), Sec. 10.17.1 and Sec. 9.3.2.4. Since the plain concrete in the HI-STORM UMAX 
VVM lid is always confined, the allowable value is doubled.  
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Table 3.3.4 

 
REFERENCE AND DERIVED PROPERTIES OF ISFSI REINFORCED CONCRETE, 

SUBGRADE, AND UNDERGRADE 
Property Value 

Concrete and SES Compressive 
Strengths (psi)  Table 2.3.2 

Concrete Rupture Strength (psi)  335.4 
SES Rupture Strength (psi)  158.1 
Concrete Allowable Bearing Stress 
(psi) 2486.3 

SES Allowable Bearing Stress (psi) 552.5 
Concrete Mean Coefficient of Thermal 
Expansion (in/in-deg. F) 5.5E-06 

Concrete Modulus of Elasticity (psi) 57,000 × (Concrete compressive strength in psi)1/2 

Concrete Reference Dry Density  Table 2.3.2 

Subgrade and Undergrade Strain 
Compatible Modulus of Elasticity (ksi) 
(see Figure 2.4.4 for identification of 
subgrade spaces) 

Subgrade Space A (i.e., SES): 102 
Subgrade Space B: 14.0 

Undergrade Spaces C and D: 17.7 
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Table 3.3.5 

 
SOIL PROPERTIES, COMPUTED SETTLEMENT, AND CORRESPONDING ELASTIC 

MODULUS FOR THE UNDERGRADE  
Item Value 

1. Water Content ‘wn’ 
Soil Parameter ‘a’ 
Soil Parameter ‘b’ 
Poisson’s Ratio 

14% 
0.18 
0.13 
0.45 

2. Derived Properties for the Undergrade (Notes 1 and 3): 
Computed Long-Term Settlement (in) (Note 2) 
Computed Elastic Modulus (psi) 

 
< 0.12 
6,230 

3. Values used in the Structural Analyses Model for Undergrade: 
Limiting Long-Term Settlement (in) 
Corresponding Elastic Modulus (psi) 

 
From Table 2.3.2 

3,200 
Note 1: The substrate characteristics are obtained using the density data from Table 2-3 and Table 5-1 of 
reference [3.3.3]. The soil compaction index ‘Cc’ is a direct function of soil parameters wn, a, and b per 
[3.3.3]. The long-term settlement and the elastic modulus are derived using the relationships in [3.3.4]. 
 
Note 2: See Table 2.3.2 for the values of settlement (greater than those computed here for conservatism) 
used as the Design Basis data for qualification of the ISFSI structures. 
 
Note 3: The Design Basis settlement has been set at a higher value than that computed for the SFP to 
allow for the variation in the soil parameters at a host site. 
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3.4  GENERAL STANDARDS FOR CASKS 
 
3.4.1  Chemical and Galvanic Reactions 
 
The potential of chemical and galvanic action in the HI-STORM UMAX VVM assembly is 
evaluated in Chapter 8 of this FSAR. 
 
3.4.2  Positive Closure 
 
The confinement boundary of the HI-STORM UMAX system is seal welded in its entirety. The only 
access to the MPC storage cavity is through the VVM Closure Lid, which weighs well over 16 tons 
and must be lifted vertically a substantial distance before it can be separated from the VVM body. 
Furthermore, the removal of the lid requires the use of a special lifting device.  Thus inadvertent 
opening of the VVM cavity is not feasible or credible. 
 
3.4.3  Lifting Devices 
3.4.3.1  Identification of Lifting Devices and Required Safety Factors 
 
The only component in the HI-STORM UMAX system requiring lifting and handling is the Closure 
Lid. The Closure Lid is equipped with a four point lift system that meets the stress requirement of 
ANSI N14.6 [3.4.3] and Regulatory Guide 3.61 [1.0.4]. 
 
As required by Reg. Guide 3.61, lifting operations applicable to the VVM Closure lid are analyzed. 
Because of the nature of the HI-STORM UMAX system, lid placement or removal may occur with 
loaded MPCs inside the VVM cavity. Therefore, a stress analysis to demonstrate compliance with 
ANSI N14.6 to provide the assurance that a structural failure will not occur during lifting is 
summarized in this chapter. 
 
The governing requirement for the lifting component itself (the lift lug plates) is that they  must meet 
the primary stress limits prescribed by ANSI N14.6-1993 [3.4.3]; the welds in the load path, near the 
lifting holes, are required to meet the condition that stresses remain below yield under three times 
the lifted load (per Reg. Guide 3.61). Further, for additional conservatism, away from the lifting 
location, the ASME Code limit for the Level A service condition applies. Only the lifting component 
itself is the “significant-to-handling” (STH) part. 
 
The lifting analysis is performed by conservatively assuming that the dead load is amplified by 15%. 
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3.4.3.2 Analysis of Lifting Scenarios- HI-STORM UMAX VVM Closure Lid Lifting 
Analysis (Load Case 04 in Table 2.4.1) 

 
The Closure Lid is an axi-symmetric plate-type structure filled with concrete to provide radiation 
shielding. As shown in the Licensing Drawings, three lift lug plates with four orthogonally situated 
lift holes are welded together to lift and handle the Closure Lid. The diameter of the Closure Lid is 
much larger than the CEC shell I.D. which eliminates the risk of the lid falling into the cavity and 
striking the MPC stored below. Nevertheless, the Closure Lid lifting points and the Lid itself are 
required herein to meet the most stringent stress criteria from the regulatory literature, as follows: 
 

1. The primary stresses at the lifting points must meet the limits in ANSI N14.6 with the dead 
load amplified by 15% to incorporate dynamic effects.  The allowable stress per ANSI N14.6 
is lesser of 1/10th of the ultimate strength or 1/6th of the material Yield Strength. 
 

2. The average stress in the welds joining the lift lug plates for Closure Lid handling under the 
amplified dead load must meet the limit set down in Regulatory Guide 3.61, which limits the 
stress to 1/3rd of the material’s Yield Strength. 
 

3. The primary stresses in the lid structure under the amplified dead load must meet Level A 
stress limits in the ASME Code, Subsection “NF” for class 3 linear structures. 

 
Because of the simplicity of the Closure Lid configuration, the lifting analysis is performed using 
strength of material approach. The details of the calculations are presented in the calculation 
package [3.4.1] supporting this FSAR. Lifting slings that attach to the lugs shall be sized to meet the 
safety factors set forth in ANSI B30.3 [3.4.2].  
 
Table 3.4.1 summarizes key results obtained from the lifting analyses for the limiting HI-STORM 
UMAX VVM Closure Lid design (i.e., the stainless steel lid design) for a bounding set of input 
design loads. 
 
It is concluded that all structural integrity requirements are met during a lift of the HI-STORM 
UMAX VVM Closure Lid. All factors of safety are greater than 1.0.  
 
3.4.3.3  Safety Evaluation of Lifting Scenarios 
 
As can be seen from the above, the computed factors of safety have a large margin over the 
allowable (of 1.0) in every case. In the actual fabricated hardware, the factors of safety will likely be 
much greater because of the fact that the actual material strength properties are generally 
substantially greater than the Code minimums. Minor variations in manufacturing, on the other hand, 
may result in a small subtraction from the above computed factors of safety. A 10CFR72.48 safety 
evaluation will be required if the cumulative effect of manufacturing deviation and use of the CMTR 
(or CoC) material strength in a manufactured hardware renders a factor of safety to fall below the 
above computed value. Otherwise, a 10CFR72.48 evaluation is not necessary. The above criterion 
applies to all lift calculations covered in this FSAR. 
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3.4.4  Heat 
 
The evaluation of the HI-STORM UMAX system under thermally significant conditions listed in 
Section 2.5 is reported in Chapter 4. 
 
a. Summary of Pressures and Temperatures 
 
Required input data for the structural analysis of the HI-STORM UMAX VVM assembly is 
contained in Tables 2.3.1, 2.3.2 and the Licensing Drawings. 
 
b. Differential Thermal Expansion 
 
 i.  Normal Hot Environment 
 
All clearances between the MPC and the HI-STORM UMAX VVM are considerably larger than the 
thermal expansion that may occur during system operations. Therefore, no interferences between the 
MPC and the HI-STORM UMAX VVM will occur due to thermal expansion of the loaded MPC. 
The interfaces that may potentially be subject to interference and their reference dimensions from 
the Licensing Drawings are provided below: 
 

Interfacing Parts Engineered Gap in Inches 
(shown in Licensing Drawings) 

MPC-to-Divider Shell (diametral clearance)                 
                          

10.25 
MPC-to-Closure Lid (vertical clearance)                      
                      

23.5 
MPC-to-MPC Top Guide Plates (diametral clearance) 
                              

0.5 
MPC-to-MPC Bottom Guides (diametral clearance)    
                  

0.5 
Closure Lid-to-CEC Flange (diametral clearance)        
                       
 

1.0 
 
Simplified calculations summarized in Section 4.4 (Chapter 4) show that the engineered gap in the 
system for each of the above listed interfaces is an order of magnitude (or more) greater than its 
reduction from thermal expansion under the operating condition corresponding to the maximum 
temperature differential scenario between the mating parts that form the interface. 
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 ii.  Design Basis Fire Event (Load Case 05 in Table 2.4.1) 
 
The thermal analysis of the Design Basis Fire event is documented in Chapter 4 and evaluated in 
Chapter 12 for its safety consequence. It is shown in Chapter 4 that the fire accident has a small 
effect on the MPC temperatures because of blocking action of the underground storage system and 
the short duration of the fire event. Therefore, a structural evaluation of the MPC under the 
postulated fire event is not required for HI-STORM UMAX.  
 
Likewise, it is shown that the load bearing components in the HI-STORM UMAX assembly will 
remain well below the temperature that may induce a significant structural deformation or collapse. 
 
 3.4.4.1 Safety Analysis 
 
 3.4.4.1.1 Design Basis Flood (Load Case 07 in Table 2.4.1) 
 
Unlike free standing casks, moving flood water is not an event of safety consequence to HI-STORM 
UMAX: The buried configuration of the HI-STORM UMAX system renders it immune from sliding 
(that is germane to above ground freestanding casks) under the action of a design basis flood.   
 
3.4.4.1.2 Design Basis Earthquake (Load Case 03 in Table 2.4.1) 
 
The treatment of Load Case 03 (Design Basis Earthquake) for the HI-STORM UMAX system, 
including the model and analysis methodology, is provided below. The parallel analysis for the 
structurally strengthened design of “UMAX,” termed Version MSE in Subsection 1.0.2, under the 
Most Severe Earthquake event (Table 2.3.10) is provided at the end of this sub-paragraph. 
 
The HI-STORM UMAX system, plus its contents, may be subject to the Design Basis Earthquake 
(DBE) defined by the response spectra in Figures 2.4.1 and 2.4.2. As explained in Chapter 2, the 
DBE has been defined for the HI-STORM UMAX ISFSI to ensure that the operative spectra 
(Figures 2.4.1 and 2.4.2) essentially envelope the corresponding site DBE spectra at virtually all US 
sites. Because the VVM is buried in the substrate, tip-over of the MPC is not possible.  
  
Under the action of lateral seismic loads, the CEC Container Shell globally acts as a beam-like 
structure supported on a foundation driven by the site seismic accelerations. During a seismic event, 
the lateral loading on the CEC consists of: 
 
2. Inertia force from CEC self-weight 
 
3. Inertia forces from the Closure Lid self-weight 
 
4. Interface forces from the rattling of the MPC within its confines of the CEC and the rattling 

of the contents inside the MPC 
 

5. Interface forces from the subgrade and from the SFP 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001317

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 269 of 301
(1341 of 2110)



 

 
HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 

HI-2115090      Rev. 3 
3-48 

 

 
The CEC Container Shell may develop longitudinal stresses as it bends like a beam to resist the 
input seismic loads. In addition, the CEC Container Shell and the Divider Shell are subject to 
ovalizing action from the loads. Both effects are captured in the seismic analysis.  
 
The seismic analysis consists of three discrete steps, namely: 
 

A. Develop the Design Basis Seismic Model (DBSM) for the HI-STORM UMAX ISFSI and 
perform the Design Basis Earthquake Soil-Structure Interaction (SSI) analysis. 

 
B. Seismic Qualification of the VVM Components based on the SSI analysis results.  

 
C. Stress analysis of the ISFSI structures using the dynamic loads obtained from the LS-DYNA 

SSI analysis using DBSM. 
 
 
A.  Design Basis Seismic Model and SSI Analysis 
 
As discussed in Section 2.4, based on the lower bound shear wave velocity profile of US nuclear 
power plants (Figure 2.4.3) and the input seismic acceleration time history derived from the 
Regulatory Guide 1.60 seismic response spectrum, a two-step soil seismic response analysis using 
the computer code SHAKE2000 [3.4.4] and LS-DYNA [3.4.5] is performed to establish a bounding 
seismic loading condition for the HI-STORM UMAX underground fuel storage system. The 1-D 
SHAKE analysis model consists of 21 native soil layers of the HI-STORM UMAX ISFSI site with a 
total thickness of 101 ft; the top of the 7th soil layer is aligned with the bottom of the SFP.  The total 
soil depth of the SSI Model is about five times the height of the underground ISFSI.  Figure 3.4.1 
shows the LS-DYNA soil model for the seismic response analysis. It is noted that the lateral 
dimension of the ISFSI soil model is significantly greater than that of the ISFSI. The periphery 
nodes of the soil model space at the same elevation are constrained to move together to simulate the 
seismic response of the semi-infinite space of soil.  According to the numerical study on various 
lateral boundary conditions of the finite element soil model [2.4.1], this lateral boundary condition, 
also known as a “slave boundary condition”, is appropriate to predict the soil response in a seismic 
event. The same soil model and input seismic motion used in the LS-DYNA soil seismic response 
analysis is used later in the DBSM developed to perform SSI analyses for the HI-STORM UMAX 
ISFSI.  
 
The object of the DBSM is to obtain conservative values of the loads on the ISFSI structures under 
the Design Basis Earthquake, which is defined as the response spectra at both the ground surface and 
the ISFSI foundation elevations as shown in Figures 2.4.1 and 2.4.2 (obtained from the two-step 
SHAKE/LS-DYNA soil seismic response analysis).  Since some of the HI-STORM UMAX steel 
members (i.e., the closure lid, the Divider Shell, and the CEC) have carbon steel and stainless steel 
design options, the heavier carbon steel design option is considered in the DBSM to yield 
conservative SSI analysis results.  Following the approach used in the safety evaluation of HI-
STORM 100U, the reference VVM assemblage used in the seismic qualification is a 5 by 5 array. 
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The actual array size, as noted in the HI-STORM 100U (docket number 72-1014) may be much 
larger. The essential attributes of the DBSM are:  
 

1. The DBSM is developed using the finite element code LS-DYNA; this HI-STORM 
UMAX ISFSI soil-structure model consists of loaded VVMs, concrete pads, and soil 
spaces with properties as defined in Table 2.3.2.  The HI-STORM UMAX VVM Model is 
discussed in detail in Paragraph 3.1.3.1.  

    
2. The model has the capability to remove the lateral subgrade all the way down to the 

bottom of the SFP (which conservatively represents an excavated configuration during 
additional site construction such as to extend the ISFSI). 

 
3. The model has the ability to simulate a loaded cask transporter arrayed on top of the ISFSI 

pad to enable the stability of the transporter and the structural margin of safety in the ISFSI 
pad to be determined. 

 
4. The MPC is represented by a solid rigid cylinder of mass equal to its total mass. This 

means that all internal masses will move in unison and the inertia forces of the MPC are 
maximized, which will conservatively result in greater impact loads applied to MPC guides 
and the CEC base plate.  

  
5. The ISFSI pad and SFP are simulated as a flexible plate-type structure represented by 

layered solid elements.  Proper contact interfaces are defined among the ISFSI pad, the 
SFP, the ISFSI subgrade and undergrade.  For conservatism, the optional enclosure wall is 
not considered in the DBSM.   

 
6. The VCT, along with the carried transfer cask, is modeled as a freestanding rigid body.  

 
7. The ISFSI pad is characterized by an LS-DYNA inelastic concrete model 

(MAT_PSEUDO_TENSOR) to account for energy dissipation in the concrete due to the 
impact loading from the loaded VCT.  The SFP and soil are modeled using the LS-DYNA 
elastic material model.  For the case where cracking of the concrete needs to be considered, 
the Young’s Modulus of the SFP is reduced to 50% of its nominal value per the guidance 
in Section 3.4 of [ 3.4.15]. 

 
8. Proper element size and time step controls in the dynamic model are implemented 

following the guidance in references [3.4.14] and [3.4.15]. 
 

The previously described DBSM is used to perform SSI analyses for the four applicable HI-STORM 
UMAX ISFSI loading scenarios identified and listed in Table 3.4.2.  Figures 3.4.2 and 3.4.3 show 
the corresponding LS-DYNA models of the two ISFSI configurations considered in the four SSI 
analyses. In each case, the Design Basis Earthquake is applied to the bottom of the LS-DYNA model 
using the acceleration time histories obtained from the previously described 1-D SHAKE seismic 
response analysis.  
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Table 3.4.3 lists the peak ISFSI interface loads obtained from the LS-DYNA SSI simulations of the 
four loading scenarios listed in Table 3.4.2.  These dynamic peak interface loads will be used in the 
structural qualification of the ISFSI.  In addition to the ISFSI interface loads, the SSI analyses also 
demonstrate that the exposed SES due to excavation for ISFSI expansion can remain intact during 
the DBE event without the lateral support from the optional enclosure wall. Figure 3.4.4 shows the 
maximum tensile stress experienced by the SES. The SES has a much greater tensile capacity (see 
Table 3.3.4) and the safety factor of the SES against rupture is calculated as 
 

    
03.2

91.77
1.158

4.4.3

==

=

psi
psi

FigurefromstresstensilecomputedMaximum
strengthRuptureFactorSafety

 

 
Finally, the stability of the loaded VCT is confirmed by the LS-DYNA SSI analyses. 

 
B. Seismic Qualification of VVM Components 
 
In addition to the SSI analysis, a governing MPC to MPC guide impact analysis is performed.  
Figure 3.4.5 shows the MPC to guide impact model, where the MPC guide is fixed at its base and 
the loaded MPC rotates about the bottom pivot point with an angular velocity to result in an impact 
force that significantly bounds, or more precisely is over 2 times, the load capacity of the MPC guide 
(see Table 3.4.4 and Figure 3.4.6a). The MPC enclosure vessel and its contents are explicitly 
modeled with sufficiently fine mesh density, following the conclusion obtained from the mesh 
sensitivity study performed for the MPC shell in Docket number 72-1014, to capture the high stress 
gradient at the impact location.  Results obtained from the MPC-to-guide impact analysis and those 
from the above mentioned SSI analyses are used to structurally qualify HI-STORM VVM 
components herein.  
 
The CEC Components and parts of the MPC subject to significant loadings during the DBE event 
are: 

 
a. Divider and CEC shell (subject to ovalization) 
b. MPC shell (bending of the shell as a beam, resulting in axial membrane stress in the 

shell) 
c. MPC top and bottom guides (subject to buckling) 
d. Lateral loading on the fuel basket panels (must meet the g-load limit). 
e. Localized strain in the MPC shell (due to impact of the MPC with the MPC guides if 

excessive, may cause breach of confinement) 
 
The focus of safety analysis of each component under the DBE event is somewhat different as 
summarized below: 
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a. CEC and Divider Shell: These shells are subject to ovalizing forces which may, in 
theory, cause them to deform and impede future retrievability of the loaded MPC.  Since 
the SES between the ISFSI pad and the SFP is much stiffer than the subgrade material in 
the HI-STORM 100U design (the SES modulus of elasticity is at least 6.76 times the 
value of 100U subgrade based on the required shear wave velocity values), ovalization is 
not a credible concern for HI-STORM UMAX VVM given the very high safety factor 
(>18) in the 100U design.  
 

b. Primary stress in the MPC shell: The maximum stress intensity in the MPC shell is 
compared against the allowable stress intensity for the Level D condition. The safety 
factor is computed as the ratio of the allowable stress intensity under Level D service 
condition for “NB” components to the maximum computed longitudinal flexural stress 
intensity in the MPC shell. Figure 3.4.6b shows the distribution of maximum shear stress 
(i.e., ½ of the stress intensity) in the MPC shell under the bounding impact condition.  As 
documented in the calculation package [3.4.1], the safety factor of the MPC shell against 
primary stress is well above 1.0. 

 
c. Top and Bottom MPC Guides: The MPC guides are subject to in-plane rattling loads 

from the lateral movement of the MPC under the inertia loading from the earthquake. 
The maximum in-plane load bearing capacity of the longest MPC guide permitted by the 
system design (see Licensing Drawings) is computed  and compared with the maximum 
dynamic loads obtained from the LS-DYNA analysis. The safety factor is calculated as 
the ratio of the in-plane load bearing capacity and the actual maximum load computed by 
the LS-DYNA analysis. The analyses summarized in the Calculation Package [3.4.1] 
shows that the minimum safety factor from the array of dynamic simulations is greater 
than 1.0. 

 
d. Loading on the Fuel Basket panel: The minimum lateral g-load to which all of the MPCs 

listed in Table 1.2.1 have been qualified is shown in Table 3.1.1 (corresponding to the 
non-mechanistic tip-over event).  As shown in Figure 3.4.7, the maximum fuel g-load 
predicted by the LS-DYNA simulation, conservatively measured at the top lid of the 
MPC, is significantly smaller than the minimum permitted value for the array of MPC 
types that may be stored in the HI-STORM UMAX system.  Although the calculated fuel 
basket peak temperature under the HI-STORM UMAX normal storage condition with 
wind (see Table 4.4.15) is slightly higher (32 ºC) than the fuel basket temperature 
considered in the MPC to MPC guide impact analysis, which leads to approximately 
12% reduction in the yield strength of the fuel basket material, the much smaller MPC 
impact loading (less than half of the acceptable loading) ensures that the structural 
integrity of the fuel basket in the HI-STORM UMAX system is less challenged 
compared with the that in the above ground HI-STORM systems.     

 
e. Maximum Local Strain in the Confinement Boundary in the Impact Region: The MPCs 

are constrained from uncontrolled lateral motion by the radial guide plates located at 
their baseplate and top lid elevations. Even a small clearance between the MPCs and the 
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MPC guides can lead to a high localized strain in the region of the shell where the impact 
from rattling of the canister under a seismic event occurs. Based on the parametric study 
performed from HI-STORM 100 U, the extent of local strain from impact is minimized 
by locating the MPC top guide in the vertical direction such that the mid-height of the 
impact footprint is aligned with the lower surface of the MPC lid in the HI-STORM 
UMAX design. Thus the location of impact is removed from the lid-to-shell weld 
junction. Figure 3.4.8 shows the maximum MPC shell maximum plastic (true) strain 
obtained for the bounding MPC-to-guide impact simulation. The plastic strain developed 
in the MPC shell is only a small fraction of the acceptable value based on the very 
conservative recommendation in [3.1.3]. Therefore, the integrity of the confinement 
boundary is assured.  

 
Table 3.4.4 summarizes the seismic qualification analysis results for VVM components.  
 
To reduce the occupational and site boundary dose rates, an optional divider shell shield ring 
(attached to the divider shell) can be implemented. The drawings provided in Chapter 1 give more 
information about this shield ring specification. The optional divider shell shield ring has no adverse 
effect on the structural performance of the VVM. The attachment welds between the optional ring 
and the divider shell have been sized appropriately so that they can support the amplified self-weight 
of the optional shield ring under seismic loading. 

 
C. Strength Qualification of the ISFSI Structure 
 
Under the Design Basis Earthquake (Figures 2.4.1 and 2.4.2), the loads exerted on the Support 
Foundation Pad and the ISFSI Pad are obtained from the LS-DYNA SSI simulations listed in Table  
3.4.2.  Table 3.4.3 lists the peak ISFSI interface loads obtained from various LS-DYNA runs listed 
in Table 3.4.2. In order to incorporate an additional margin of safety in the ISFSI structural analysis, 
these unfiltered dynamic bounding interface loads are directly used for the structural evaluation of 
ISFSI components. The use of the bounding loads is in keeping with a similarly bounding value of 
settlement specified for the strength analysis of the SFP and the ISFSI pad (see Table 2.3.2). 
 
The SFP and ISFSI pad are required to meet the minimum structural requirements set down in Table 
2.3.2 and the Licensing Drawings. The ISFSI pad is required to satisfy ACI-318 (2005) [3.4.6] 
strength limits under all applicable load combinations (Table 2.4.3). 
 

Table 2.4.3 specifies the load combinations used in the strength analysis of the ISFSI structures. The 
following discrete analyses are required: 
 
(i) Compute the long-term settlement of the undergrade supporting the SFP assuming all VVM 

locations are loaded for the entire Design Life: Determine the “effective” elastic modulus of 
the subgrade under the SFP to simulate the effect of settlement in the structural analyses 
model. As discussed previously, the long-term settlement of the undergrade from the loaded 
VVMs and the dead weight of the SFP are very small because the combined equivalent 
density of the loaded VVM’s and the SFP is nearly equal to the density of the excavated 
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subgrade. 
 

This methodology of settlement computation is based on classical soil mechanics and is 
summarized below.    

        

1. Compute the total long-term settlement, “d”, of the subgrade under the SFP (Space C) 
over the Design Life assuming that the total load “P” (modeled as a uniform pressure at 
the top of the subgrade) is equivalent to that produced by the SFP fully populated with 
loaded VVMs for the entire life using the methodology in [3.4.7]. 

 
2. Determine an “effective” elastic spring constant “K” of Space C that emulates the 

cumulative settlement:  
K = P/d. 

3. Using the spring constant computed above, which accounts for the effect of long-term 
settlement under static loading, an appropriate elastic modulus is defined for the soil 
column under the SFP.  The degraded soil modulus so defined is used in the finite 
element model of the SFP to evaluate the pad flexure under the factored dead load.  

 
The maximum permitted settlement of the subgrade below SFP is limited to the value 
specified in Table 2.3.2. If the Table 2.3.2 limit cannot be met, remedial measures such as 
pilings must be used, unless a site-specific analysis is performed using the same 
methodology described in Paragraph 3.4.4.1 to qualify the ISFSI structure for the increased 
settlement.  

 
(ii) Prepare a finite element model of the pads in ANSYS and determine the stress field under 

the factored Dead and Live loads with the settlement based “degraded” elastic moduli. 
 

(iii) Compute the stress field in the pads under factored seismic loads using dynamic elastic 
modulus corresponding to the minimum shear wave velocity of the subgrade specified in 
Table 2.3.2.  
 

(iv) Use the bounding peak loads obtained from the dynamic analysis to compute the stress fields 
in the pads (SFP and ISFSI pad).  

 
(v) Combine the factored loads and determine the total stress resultants. Compare with the 

respective section strengths to establish the factors of safety for the SFP and the ISFSI pad. 
 

(vi) Compute the bearing stress (or load) on the subgrade under the ISFSI pad using the 
combined factored loads from the transporter and the ISFSI pad and compare with the 
corresponding allowable limit to establish the safety factor for the subgrade under the ISFSI 
pad. 

 
A summary of the analyses and the associated margins of safety are discussed below: 
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The structural evaluation of the HI-STORM UMAX ISFSI is performed using the commercial 
computer code ANSYS [3.1.1]. The constituents of the ISFSI, namely the Support Foundation Pad 
(SFP), the subgrade under the support foundation pad (the undergrade), the ISFSI pad and the 
subgrade lateral to the CEC under the ISFSI pad are all modeled using linear elastic SOLID45 
elements. The element mesh is intentionally kept fine in the areas of load application on the SFP and 
the ISFSI pad. The lateral subgrade adjacent to the HI-STORM UMAX ISFSI (Spaces B and D in 
Figure 2.4.4) is included in the FE model and extends laterally a distance that exceeds the overall 
depth of the FE model considered for structural analysis.  For convenience of load application, the 
footprint of the CEC base on the SFP is carefully articulated in the finite element model. The 
substrate under the SFP is terminated at approximately 101.0 ft below the ISFSI pad, which is 
consistent with the Design Basis Seismic Model discussed previously. The “base” model 
(Simulation Model I) considers that all the storage locations in ISFSI are populated and experience 
identical peak vertical seismic loading from Table 3.4.3, which bounds the peak result obtained from 
the LS-DYNA SSI solution as discussed previously. Because of the symmetric geometry and 
loading, a quarter symmetric finite element model is sufficient to represent the fully loaded ISFSI. 
Figure 3.4.9 shows the finite element model of HI-STORM UMAX ISFSI. For a non-symmetric 
model as in case of Simulation Model II, a full FE model of the HI-STORM UMAX ISFSI as shown 
in Figure 3.4.10 is used. The “degraded” elastic modulus of the subgrade under the SFP is 
appropriately computed to account for the long-term settlement effects as described in the foregoing. 
Table 3.3.4 lists the bounding subgrade characteristics and the concomitant elastic moduli effective 
under dynamic loading.  
 
To address different loading patterns on the ISFSI and for completeness, additional partially loaded 
ISFSI configurations are considered in the evaluations. The partial loaded configurations include a 
two row loaded ISFSI, a single row loaded ISFSI (the middle row of VVM locations is loaded) and a 
single VVM loaded ISFSI (a single VVM location centered near the periphery of the ISFSI is 
loaded). Figures 3.4.14, 3.4.16 and 3.4.18 illustrate the partial loading configurations for the ISFSI. 
These loading configurations are hereinafter referred to as Simulation Models II, III, and IV, 
respectively. The effects of exposed Self-hardening Engineered Subgrade between the ISFSI pad and 
SFP are evaluated in a fifth Simulation Model (Simulation Model V), which is shown in Figure 
3.4.11. In this model, the lateral subgrade is completely removed from one side to bound any future 
excavation activities associated with the construction of a new underground ISFSI. For Simulation 
Model V, all VVM locations are assumed to be loaded and thus the transporter load is excluded.  
 
To simulate the material continuity at the extreme boundary surface of the substrate under the SFP, 
translations are constrained at the lateral face of the subgrade. The extreme bottom surface of the 
model is fixed representing the bedrock (or competent soil) elevation. 
 
The following individual load steps are considered in the analysis: 
 

1. Bounding peak load transmitted by the VVM as determined from the LS-DYNA SSI 
analysis is applied as an effective pressure on the footprint of the CEC base at all VVM 
locations. 
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2. The load from the transporter is applied as a normal pressure (see Figures 3.4.12 and 

3.4.16) over the transporter load patch on the ISFSI pad.  The transporter is assumed to 
be positioned over the central VVM cavity. 

 
3. The dead weight from 11’×11’ square ISFSI pad region that is centered above each 

VVM location (see Licensing Drawing in Section 1.5) is applied as a normal pressure on 
the SES elements directly beneath the ISFSI pad. 

 
4. To simulate the self-weight of the modeled portion of the ISFSI pad, a 1g gravity load is 

applied. The densities of the various constituents are appropriately input in the model to 
accurately reflect the individual component weights. 

 
It must be noted that the structural analysis of the ISFSI conservatively considers the peak dynamic 
loads from the LS-DYNA SSI analysis.  However, it is permissible to use equivalent static loads 
obtained by removing high frequency components that would not contribute to the structural 
response using appropriate filters. 
 
Since the peak loads from the LS-DYNA SSI analyses are substantially larger in comparison to the 
dead and live loads, the load combination LC-3 from Table 2.4.3 governs for the ISFSI structural 
evaluation. However, the analyses are carried out for load combinations LC-2 and LC-3, and the 
corresponding results substantiate that the load combination LC-3 is governing.  
 
Figures 3.4.13a through 3.4.21c depict the maximum in-plane stresses in the ISFSI concrete 
structures for the governing load combination LC-3 for all the ISFSI configurations analyzed. The 
in-plane axial and bending stress on the SFP and the ISFSI pad elements are post-processed to 
compute the equivalent moments. The induced moments are compared to the respective moment 
capacities to determine the corresponding factor of safety.  Table 3.4.5 summarizes the results for 
the SFP and the ISFSI pad respectively for all ISFSI configurations analyzed. The safety factors 
listed in Table 3.4.5 show that the ISFSI pad contains a substantially greater strength reserve than 
that required by the ACI code. In establishing the safety factors, no credit has been taken the 
Dynamic Increase Factor of 25% for flexure and 10% for shear permitted by [3.4.8] in the strength 
qualification of reinforced concrete under the impactive loadings that are intrinsic to the seismic 
event.  
 
Table 3.4.6 summarizes the punching shear safety factor for the SFP and the ISFSI pad.  The 
minimum punching shear safety factor under the governing condition (when the loaded transporter is 
positioned on the ISFSI pad) is found to be well above 1.0. 
 
The peak transporter load on the ISFSI pad from the LS-DYNA SSI analyses plus the load from the 
ISFSI pad are used to compute the maximum bearing stress in the substrate surface under the ISFSI 
pad.  According to ACI-360 [3.4.9], the bearing stress can be calculated by uniformly distributing 
the load over the entire bearing area of the pad.  The maximum computed bearing stress in the 
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subgrade below the ISFSI pad (Table 3.4.7) meets the minimum safety factor of 2.0 (suggested by 
the ACI code [3.4.9]) with ample margin.  
 
Detailed calculations for qualifying the HI-STORM UMAX ISFSI structures are documented in 
[3.4.17]. 
 
Structural Qualification Under the Most Severe Earthquake (MSE) 
 
As described in Subsection 1.0.2, a structurally reinforced version of HI-STORM UMAX has been 
developed to withstand a substantially stronger earthquake than that analyzed in the foregoing and 
permitted by the original CoC.  The structural reinforcement necessary to maintain robust margins 
under the stronger earthquake are quite modest as detailed in the licensing drawing package (Section 
1.5) wherein the buttressed VVM/ISFSI structure is identified as “Version MSE”.  The governing 
earthquake for Version MSE for the long term storage condition is defined by Table 2.3.10.  The 
information presented below seeks to demonstrate that Version MSE can withstand the new DBE 
event (referred to as the Most Severe Earthquake or MSE) meeting all of the acceptance criteria set 
forth in Table 2.4.2.  
 
The Design Basis Seismic Model (DBSM) described in the foregoing is utilized to perform the 
required safety evaluations under the MSE except that, because the earthquake is applied at the base 
of the Support Foundation Pad (SFP), the SSI model does not include the under-grade (Spaces C and 
D shown in Figure 2.4.4). 
 
In order to perform the SSI analysis for HI-STORM UMAX Version MSE, five earthquakes, each 
consisting of statistically independent set of three acceleration time histories (see Table 2.4.5 and 
Figures 2.4.7 to 2.4.11) are generated. The details on the compliance of the generated earthquakes 
with the guidelines of SRP 3.7.1 (NUREG-0800) are archived in [2.4.14].  Similar to the SSI 
analysis performed previously for the DBE condition, the resultant horizontal acceleration time 
history is used in the SSI analysis for the MSE condition since the DBSM is a symmetric half model. 
The SSI analysis and subsequent evaluations performed to establish the structural adequacy and 
safety of Version MSE are summarized below: 
 

i. Strain Compatible Soil Properties: To characterize the structural properties of the subgrade 
that is suitably conservative for general certification, the properties of the soil from the 
grade to the Support Foundation Pad elevation at the San Onofre’ Nuclear Generating 
Station (SONGS) are used.  The numerical data is provided in the unnumbered table below. 
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Input Soil Data of the SHAKE Analysis performed for the Most Severe Earthquake 
Soil Layer 

(numbered from 
the top surface) 

1 2 3 4 5 6 

Soil Layer 
Thickness (ft) 4.5 4.5 4.5 4.5 3 4 

Density (lb/ft3) 130 130 130 130 130 130 
Shear Wave 

Velocity (ft/s) 1000 1100 1200 1300 1440 1500 

 
The 1-D seismic response program SHAKE is used to establish the strain compatible 
dynamic soil properties for the HI-STORM UMAX underground fuel storage site at the San 
Onofre’ Nuclear Generating Station (SONGS) under the MSE condition.  The results 
obtained for SONGS are adopted as the generic bounding value of the strain compatible soil 
shear modulus corresponding to the MSE. Since SHAKE solutions for strong earthquake 
conditions (ZPA>1.0g’s) are questionable, a conservative approach is used to determine the 
dynamic soil properties under the MSE condition for the soil layers above the SFP.  First, 
four discrete SHAKE analyses are performed for Reg. Guide 1.60 earthquakes whose 
horizontal ZPAs are 0.25g’s, 0.5g’s, 0.75g’s and 1.0g’s. Figure 3.4.23 shows the 
relationship between the average dynamic shear strain of the soil and the earthquake ZPA 
which is obtained from the four SHAKE analyses. With a resultant horizontal ZPA of 
2.121g’s, the average soil shear strain under the MSE condition is predicted to be 0.809 
in/in based on the extrapolated curve in Figure 3.4.23.  Next, the dynamic shear modulus of 
the soil under the MSE condition is obtained from the shear modulus-shear strain 
relationship used by SHAKE and shown in Figure 3.4.24.  At the predicted shear strain of 
0.809 in/in, the modulus reduction factor is approximately 0.075.  The corresponding shear 
wave velocity reduction factor is therefore approximately 0.274 (square root of 0.075).  
Based on the measured average static shear wave velocity of 1257ft/s at the SONGS, this 
reduction factor leads to the “best estimated” strain compatible dynamic shear wave velocity 
of 344 ft/s (1257ft/s × 0.274 = 344ft/s).  The uncertainty of the soil shear modulus is 
considered in the SSI analysis by multiplying the best estimate value by a factor of 1.5 and 
1/1.5 to establish the upper bound value and lower bound value, respectively, per ASCE 4-
98. 
 

ii. Sensitivity Study on the Lateral Extent of the SSI Model: It is recalled that the SSI model of 
the ISFSI structure (Space B) has a circular boundary with 700 feet radius.  Recognizing 
that certain sites, such as SONGS, don’t have such a large land mass around the ISFSI, a 
sensitivity analysis on the size of the ISFSI SSI model was performed using the time history 
set identified as THS #1 in Table 2.4.5.  Figure 3.4.25 and Figure 3.4.26 show the “large” 
Space B SSI model (i.e., Space B size is identical to that used in the initial qualification) and 
the “small” Space B SSI model (i.e., the Space B lateral boundary is set at 100 feet away 
from the ISFSI pad), respectively.  The key seismic response parameters obtained from the 
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two models using an identical boundary condition (transmitting boundary) are summarized 
in Table 3.4.10 wherein the case identifier contains the letter L or S to indicate the “large” 
and “small” model, respectively.  These SSI results (i.e., the results for Cases 1L and 1S) 
demonstrate that the large model yields a uniformly greater response.  Therefore, it is 
concluded that, regardless of the size of the ISFSI land area at a site, it is conservative to use 
the “large” model.  The analyses summarized below accordingly utilize the “large” ISFSI 
SSI model. 

 
iii. Governing MPC Storage Condition: A perusal of the results presented in the foregoing for 

the SSI model under the DBE event listed in Table 2.3.2 showed that the storage scenario 
wherein all storage cavity locations are occupied by loaded MPC-37s provides the largest 
response.  Therefore, the same loading state is used in the qualification analyses for the 
MSE event. 

 
iv. Effect of Concrete Cracking: The effect of the SFP concrete cracking was evaluated 

previously for the DBE condition following the guidelines from ASCE 4-98 [3.4.14] and 
ASCE/SEI43-05 [3.4.15].  Table 3.4.2 lists both the cracked scenarios (i.e., Scenarios 2 and 
4) and the corresponding uncracked scenarios (i.e., Scenarios 1 and 3) considered in the LS-
DYNA SSI analysis for the DBE event.   The DBE analysis results summarized in Table 
3.4.3 consistently demonstrate that the key seismic response (i.e., the seismic impact loading 
on the SFP) under the uncracked condition is bounding.  Therefore, the LS-DYNA SSI 
analysis performed for the MSE event only considers the governing uncracked concrete 
condition.  

 
v. SSI Analysis Base Runs: The Design Basis Seismic Model used in the original certification 

and the governing MPC storage condition along with the established “best estimate” soil 
properties identified above are used to analyze the response of the representative “UMAX 
Version MSE” array under the five earthquakes composed of statistically independent time 
histories shown in Figures 2.4.7 to 2.4.11(i.e., Cases 1L, 2L, 3L, 4L and 5L in Table 3.4.10). 
These five discrete seismic analyses using LS-DYNA are referred to as “base runs”.    
 

vi. Uncertainty in the Subgrade (Space B) Properties: The uncertainty of the soil properties is 
studied through two additional SSI simulations for the 2nd earthquake, which has the largest 
horizontal ZPA per Table 2.4.5, by using the calculated lower bound and upper bound 
modulus values.  The object of the parametric runs is to determine the extent that the key 
response parameters are affected by the change in the subgrade modulus. Specifically, the   
ratio of each response parameter for the upper and lower bound soil modulus to its base run 
value is obtained.  The largest value of the ratio for each response parameter is referred to as 
its amplification factor.  If a particular response parameter is governed by the best estimate 
soil properties (i.e., response is less for upper and lower bound properties), the amplification 
factor is set equal to 1.0.   The two additional SSI simulations, i.e., Cases 2LL and 2LU in 
Table 3.4.10 with the last letter in the case number indicating L (for lower bound soil 
property) and U (for upper bound), provide the needed information to ascertain the 
amplification factor (due to the uncertainty in the subgrade property) for each response 
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parameter.  These amplification factors are applied to the results from the base run to 
establish the bounding response parameter for the structural qualification analysis of the HI-
STORM UMAX Version MSE array. In this manner the effect of uncertainty in the 
subgrade modulus is incorporated in the safety evaluation.  
 

vii. Determination of Governing Seismic Response Parameters: The amplification factor 
determined based on the soil property variation for each seismic response parameter is listed 
in Table 3.4.11.  The averaged peak seismic response parameters obtained from the SSI 
analyses using the “best estimate” soil properties for the five earthquakes (i.e., the averaged 
values of Cases 1L through 5L) are also listed in that table.  The governing seismic response 
parameters, which provide the input data for the HI-STORM UMAX Version MSE 
structural qualification analysis, are then determined by multiplying the averaged values 
with the corresponding amplification factors. 
 

viii. Structural Evaluations:  Structural analyses are performed for HI-STORM UMAX Version 
MSE by using the same analysis methods as those employed in the initial HI-STORM 
UMAX qualification.  Detailed calculations are documented in [3.4.1] and [3.4.17].  As 
before, the safety analysis focuses on the following parts deemed to be most severely 
stressed in the system, namely, (a) The Top and Bottom MPC Guide plates and Guide Ring, 
(b) The MPC Shell (primary stress from beam-bending action), (c) Local stress in the MPC 
Shell from impact with the Guide Plate, (d) The uplift load in the Closure lid hold-down 
structure and (e) The flexural stress in the Support Foundation Pad from the amplified 
vertical inertia load during the MSE event. The summary evaluations, synopsized from the 
respective Calculation Packages, are presented below:  
 

a. Top & Bottom MPC Guide Plates and Guide Ring: As shown in the licensing 
drawing package (Section 1.5), the Top and Bottom Guide Plates Guide Ring are 
configured to close their gap with the MPC surface and thus eliminate impact loads 
from rattling action of the MPC during the earthquake.  Despite this measure, the 
maximum MPC horizontal acceleration is in excess of 8 G’s and the maximum 
compressive load on the Guide Plate (the top Guide Plate load controls) is 
approximately 470 kips, as reported in Table 3.4.11. The computed capacity of the 
Guide Plates under the worst direction of compressive loading, as reported in Table 
3.4.12, is greater than 530 kips resulting in a factor of safety in excess of 1.1. 

b. The maximum MPC shell primary stress computed from the LS-DYNA analyses, 
reported in Table 3.4.11, likewise shows a positive margin of safety even without 
accounting for the strength increase of the stainless steel material under dynamic 
conditions. 

c. The local strain in the impacted region of the MPC shell, reported in Table 3.4.12, is 
also only a fraction of the limit set forth in Table 3.1.1. 

d. The hold-down structure, illustrated in the licensing drawing in Section 1.5, is 
computed to have a large factor of safety (Table 3.4.12). 

e. The factor of safety in the Support Foundation Pad, computed by simply 
proportioning the maximum vertical load for the previously analyzed DBE event and 
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the MSE event, as shown in Table 3.4.13, is likewise large for reinforced concrete 
structures. The values shown in Table 3.4.13 are valid since the analysis approach 
used to determine the seismic demand loads for the MSE condition is conservative as 
compared to the original analysis for the DBE condition. Specifically, in the DBE 
analysis the earthquake motion is deconvoluted from the free field surface down to 
the bedrock level (100 ft below grade) using the computer code SHAKE2000.  The 
deconvoluted earthquake motion obtained from SHAKE2000 is then applied as the 
control motion at the bedrock level in the LS-DYNA soil-structure interaction (SSI) 
model. In the MSE analysis, the free field acceleration is applied directly to the SFP 
level (25 ft below grade) without considering any decrease in earthquake strength 
due to deconvolution. Recognizing that the calculated seismic demand loads for the 
MSE condition are conservative relative to the original results for the DBE 
condition, and that the ANSYS model used to evaluate the reinforced concrete ISFSI 
structure is linear, the minimum factors of safety for the SFP for the MSE condition 
are obtained by linearly scaling the previous results for the DBE condition according 
to the seismic demand ratio.   

f. The ovalization of the Cavity Enclosure Container CEC) shell is negligible. 
 
                          Safety Conclusions:  
The above analyses show that the Version MSE of HI-STORM UMAX meets all applicable 
structural acceptance criteria. In particular, it is shown that: 

a. The MPC retrievability subsequent to the MSE event is maintained with a large 
margin. 

b. The maximum primary stress in the MPC shell remains well below the Level D 
primary stress intensity limit for Class 1 “NB” pressure vessels. 

c. The local impact strain in the MPC enclosure vessel is a small fraction of the local 
strain limit for stainless steel specified in Table 3.1.1. 

d. The bottom and top MPC guide plates remain functional during the MSE condition.  
e. The maximum MPC deceleration is less than the acceptable value listed in Table 

3.1.1. 
f. The structural strength of the ISFSI slab (Table 2.4.3) is not exceeded. 
g. The puncture strength of the ISFSI slab is not exceeded.  
h. The structural capacity of the VVM lid to CEC top flange connection is not exceeded 

which ensures that the Closure Lid will not, even temporarily, lift off the ISFSI pad. 
 
3.4.4.1.3 Design Basis Missile Loading (Load case 02 in Table 2.4.1) 
 
3.4.4.1.3.1 Tornado Missile Strike on VVM Closure Lid (Load Case 02 in Table 2.4.1) 
 
Design basis tornado missiles are specified in Table 2.3.3. The Closure Lid is the only component of 
the VVM that is accessible to a tornado missile; therefore, missile impact analyses focus on this 
component. The impact a large missile is evaluated to determine whether the Closure Lid can 
maintain its required shielding function.  Because of its size and the steel cross structure in the 
central pipe of the Closure Lid, the large missile can only deliver its kinetic energy to the side and 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001330

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 282 of 301
(1354 of 2110)



 

 
HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 

HI-2115090      Rev. 3 
3-61 

 

top surface of the lid and with no penetration. The medium missile, however, is able to pass through 
the top opening in the Closure Lid, impacting what is termed the “Lid Extension”, a concrete filled 
steel weldment.  
 
The formula from “Topical Report – Design of Structures for Missile Impact”, BC-TOP-9A, Rev. 2, 
9/74 [3.4.12]] is used to establish appropriate pressure-time data. For the speed and mass associated 
with the large missile, the impact force-time curve has the form 
 
F(t) = 0.625 sec/ft x 184.8 ft/sec x 4000 lb x sin (20t) = 462,000 lb x sin (20t) for t< 0.0785 sec.  
          = 0 for t >= 0.0785 sec. 
 
This representation of the large missile impact load is appropriate as demonstrated by the result of a 
modern passenger vehicle full-scale impact testing.  Figure 3.4.22 shows the force-time history from 
the full-scale test of a full-size Ford passenger vehicle [3.4.11]. The test was performed at an impact 
speed of 35 mph and the vehicle had approximately the same weight as the design basis large 
deformable missile. Since the force is directly proportional to the pre-impact momentum, an estimate 
of the peak force at 126 mph for the vehicle is obtained by a simple ratio of the impact velocities and 
missile mass. Estimating the peak value from the plot produces a resulting peak force is found to be 
in good accord with the peak value predicted from [3.4.12], which provides a good confirmation of 
the methodology in [3.4.12].  Because of the simple geometric configuration of the Closure Lid, the 
large missile impact is evaluated using strength of materials approach.  The calculation results 
indicate that the large missile event will neither cause the collapse of the Closure Lid nor dislodge 
the lid from the CEC cavity. Moreover, the lid concrete bearing capacity will not be exceeded by the 
large missile impact. The details of this calculation are found in [3.4.1]. 
 
The analyses performed for the intermediate missile (i.e., a rigid 275 lb 8” diameter cylindrical steel 
bar) and the small missile (i.e., a 1” diameter solid steel sphere) are based on the energy approach 
previously used in the missile impact analyses for HI-STORM 100 and HI-STORM FW storage 
systems.  No credit for the central steel “cross” shaped structure is taken and the impact on the “Lid 
Extension” is also considered in the analysis.  Analysis results demonstrate that the intermediate and 
small missiles will not penetrate the steel weldment and encased concrete of the Closed Lid or cause 
the drop of the Extended Lid to threat the stored MPC.   
 
A summary of results are presented in Table 3.4.8. Thus, the assessment of all missile impact 
scenarios leads to the conclusion that the postulated missile strikes will not preclude MPC 
retrievability, will not cause loss of confinement, and will not affect criticality.  
 
3.4.4.1.3.2 Tornado Missile Protection During Construction 
 
The scenario of an excavation near the ISFSI has been considered.  The optional Enclosure Wall on 
the exposed side of the ISFSI is not considered in the tornado missile analysis. The impact of the 
exposed lean concrete by the Design Basis Missiles (Table 2.3.3) using the methodology 
documented in [3.4.10] shows that the MPC storage cavities remain beyond the reach of the missiles. 
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3.4.4.1.4 Non-Mechanistic Tipover 
 
Tipover is not an applicable load case for HI-STORM UMAX. The VVM is situated underground 
and cannot be moved; therefore, drop and tipover events are not credible accidents for this design 
configuration. 
 
 3.4.4.1.5   Maximum Temperature and Internal Pressure under Normal and Off-Normal Conditions 
 
The HI-STORM UMAX VVM is open to the environment; therefore, it is not subject to any internal 
pressure.  
 
The MPCs authorized for storage in HI-STORM UMAX (listed in Chapter 1) have been analyzed 
and qualified for normal and off-normal conditions of storage in their host docket (i.e., docket 
number 72-1032 for HI-STORM FW). Calculations in Chapter 4 show that the internal operating 
temperature in every MPC at its permissible maximum heat load when stored in HI-STORM UMAX 
is less than the value used in the stress analysis in docket number 72-1032. Because the internal 
pressure in the MPC bears a proportional relationship to the average internal temperature in the 
MPC cavity, it follows that the internal pressure in the MPC when stored in HI-STORM UMAX will 
be less than that assumed in the stress analysis of the MPC in docket number 72-1032. Therefore, the 
stress values computed for the MPC under normal and off normal operating conditions in docket 
number 72-1032 will envelope their corresponding values for storage in HI-STORM UMAX. 
 
 3.4.4.1.6 Maximum Temperature and Internal Pressure Under Accident Conditions 
 
HI-STORM UMAX, being an open to environment cask, does not experience any internal pressure 
under accident conditions. 
 
The MPCs authorized for storage in HI-STORM UMAX (listed in Chapter 1) have been analyzed 
and qualified for accident conditions of storage in their host docket (i.e., docket number 72-1032 for 
HI-STORM FW). Calculations in Chapter 4 show that the internal operating temperature in every 
MPC at its permissible maximum heat load when stored in HI-STORM UMAX is less than the value 
used in the stress analysis in docket number 72-1032. Because the internal pressure in the MPC 
bears a proportional relationship to the average internal temperature in the MPC cavity, it follows 
that the internal pressure in the MPC when stored in HI-STORM UMAX will be less than that 
assumed in the stress analysis of the MPC in docket number 72-1032. Therefore, the stress values 
computed for the MPC under accident conditions in docket number 72-1032 will envelope their 
corresponding values for storage in HI-STORM UMAX. 
 
 
3.4.4.1.7 Handling of Components 
 
The stress analyses of the HI-STORM UMAX VVM under normal handling conditions are 
presented in Subsection 3.4.3. The stress analyses of the MPC and the HI-TRAC transfer cask under 
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normal handling conditions are presented in their host docket (i.e., docket number 72-1032 for HI-
STORM FW). 
 
 3.4.4.1.8 Snow Load 
 
Load Case 01 in Table 2.4.1, presented later in this section, is a bounding load combination that 
conservatively subsumes a number of normal and extreme environmental phenomena loads 
including snow load.   
 
3.4.4.1.9 Transfer Cask and Mating Device Loading on VVM Container Shell   
  (Load Case 06 in Table 2.4.1)  
 
During HI-STORM UMAX system loading, a HI-TRAC transfer cask with a fully loaded MPC is 
placed over a HI-STORM UMAX VVM using a specially designed transporter and a lifting device 
meeting ANSI N14.6 stress margin requirements. The transfer cask is connected to the CEC using an 
ancillary mating device (see Chapter 9). Although the Self-hardening Engineered Subgrade will not 
settle relative to the SFP during the entire service time of the ISFSI, the CEC shell is evaluated 
herein by conservatively assuming that the entire weight of the transfer cask and the mating device is 
supported by the shell and that neither the ISFSI pad nor the SES provides any support to the CEC 
shell. Based on a conservatively assumed total weight (400 kips) of the transfer cask and mating 
device, the compressive stress of the CEC shell is compared with the Level A service stress limit for 
NF Class 3 plate and the critical buckling stress for thin-walled cylindrical shell.  Results presented 
in Table 3.4.9 demonstrate that the CEC shell can support the total weight of transfer cask and 
mating device with large margins. 
 
3.4.4.1.10 Dead Load plus Design Basis Explosion Pressure on VVM Components (Load  
  Case 01 in Table 2.4.1) 
 
The VVM Closure Lid rests on the CEC and resists vertical loads, arising from dead weight, and 
from induced loadings from explosions, from seismic accelerations, and from tornado missile 
impact. In this subsection, the analysis considers only the normal loading condition plus a steady 
pressure that bounds the explosion pressure (see Table 2.3.1). Due to the simple configuration of the 
lid, the strength of materials method is used perform the evaluation. The stresses from the solution 
are compared, per the criteria in Table 2.4.1, with allowable stress values for plate and shell 
structures as provided in ASME Section III Code, Subsection NF. The allowable stress intensity is 
per Table 3.1.6 for Level D conditions.  
 
As demonstrated in the structural calculation package [3.4.], the combined load from dead weight 
and the design basis explosion pressure is bounded by the maximum missile vertical impact force 
applied to the lid. Moreover, it’s impossible for the CEC shell to deform under the design basis 
explosion pressure since it is directly against the SES with a bearing capacity of at least 10 times the 
design basis explosion pressure.  It is therefore concluded that there is a large margin of safety in the 
HI-STORM UMAX Closure Lid and CEC Container Shell against the lateral pressure from Design 
Basis Explosion. 
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 3.4.4.1.11 Design Basis Fire on VVM Closure Lid (Load Case 05 in Table 2.4.1) 
 
With respect to the fire event (Load Case 05 in Table 2.4.1), where the Closure Lid steel temperature 
is conservatively assumed to rise to the limit set in Table 2.4.1, it is noted from Tables 3.1.4 and 
3.3.1 that the Level A stress limit is reduced to 0.60 of the room temperature value, the yield 
strength is reduced to 0.67 of its room temperature value, and the ultimate strength is reduced to 0.92 
of its room temperature value. From the stress values obtained in the lid (even with the explosion 10 
psi surface pressure load included), it is evident that a structural collapse of the lid due to reduction 
of the ultimate strength because of the heat of the fire is not possible.  
 
3.4.5  Cold 
 
Due to its subterranean configuration, the structural components of the VVM are relatively protected 
from extremes in the ambient temperature in comparison to the above ground HI-STORM certified 
in docket number 72-1032. Therefore, no new analyses are identified for the HI-STORM UMAX 
system. 
 
3.4.6  Miscellaneous Evaluations 
 
None. 
 
3.4.7  Service Life of HI-STORM UMAX VVM  
 
The term of the 10CFR72, Subpart L C of C, granted by the NRC is 20 years; therefore, the License 
Life (see Glossary) of all components is 20 years. The principal design considerations that bear on 
the adequacy of the storage module for the service life are addressed as follows: 
 
Exposure to Environmental Effects 
 
All exposed surfaces of the HI-STORM UMAX Cavity Enclosure Canister that are made from 
ferritic steels are painted and protected from corrosion on the outside by appropriate means as 
described in Chapter 8. The inside surface of the CECs is protected by paint or the CEC is made of 
stainless steel. The Divider Shells are protected by paint or are made of stainless steel. In addition, 
one side of the Divider Shell is further protected by insulation. Concrete, which serves strictly as a 
shielding material in the Closure lid, is completely encased in steel. Under normal storage 
conditions, the bulk temperature of the HI-STORM UMAX system will, because of its large thermal 
inertia, change very gradually with time. Therefore, material degradation from rapid thermal 
ramping conditions is not credible for the HI-STORM UMAX system.  The configuration of the 
storage modules assures resistance to freeze-thaw degradation. In addition, the storage modules are 
specifically designed for a full range of enveloping design basis natural phenomena that could occur 
over the 60-year design life of the storage system. Chapter 8 provides further discussion on chemical 
and galvanic reactions, material compatibility and operating environments pertaining to HI-STORM 
UMAX. 
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Material Degradation 
 
As discussed in Chapter 8, the relatively low neutron flux to which the storage modules are 
subjected is insufficient to produce measurable degradation of the cask's material properties and 
impair its intended safety function. Exposed carbon steel components are coated to prevent 
corrosion. The controlled environment of the ISFSI storage pad mitigates damage due to direct 
exposure to corrosive chemicals that may be present in other industrial applications.  
 
Maintenance and Inspection Provisions 
 
The requirements for periodic inspection and maintenance of the storage VVM throughout the 60-
year design life are defined in Chapter 10. These requirements include provisions for routine 
inspection of the inlet plenums and periodic visual or camera aided verification that the air flow 
paths are free and clear of debris. ISFSIs located in areas subject to atmospheric conditions that are 
particularly aggressive should be evaluated by the licensee on a site-specific basis to determine the 
frequency for such inspections to assure long-term performance. In addition, the HI-STORM UMAX 
system is designed for easy retrieval of the MPC from the storage VVM should it become necessary 
for any reason. 
 
In summary, the VVM is engineered for a 60 year design life and a 100 year service life, while 
satisfying the conservative design requirements defined in Chapter 2. For information supporting the 
60 year design life addressing chemical and galvanic reactions as well as other potentially degrading 
factors, reference is made to Chapter 8. Requirements for periodic inspection and maintenance of the 
HI-STORM UMAX VVM throughout the 60-year design life are defined in Chapter 10. The VVM 
is designed, fabricated, and inspected under the comprehensive Quality Assurance Program 
discussed in Chapter 14 and docket number 71-0784 (The service life of a system may exceed its 
design life if the system is maintained in accordance with the supplier’s O&M manual). 
 
The above findings supporting the HI-STORM UMAX service life are consistent with those of the 
NRC's Waste Confidence Decision Review [3.4.13], which concluded that dry storage systems 
designed, fabricated, inspected, and operated in accordance with such requirements are adequate for 
a 100-year service life while satisfying the requirements of 10CFR72. 
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Table 3.4.1 
 

KEY STRESS RESULTS FOR HI-STORM UMAX CLOSURE LID 
NORMAL HANDLING 

Item Calculated Value (ksi) Allowable Limit (ksi) Safety Factor 

Lifting Hole Tearout 
Stress 1.464 1.52 1.04 

Lifting Hole Bearing 
Stress 3.833 4.56 1.19 

Governing Weld Joint 
Stress 2.530 3.04 1.20 
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Table 3.4.2 
 

SEISMIC LOADING SCENARIOS ANALYZED FOR HI-STORM UMAX 

Scenario 1 All storage locations loaded with maximum weight MPCs, and a loaded VCT is 
placed at the center of the ISFSI. 

Scenario 2 Same as Scenario 1 except that the Young’s Modulus of the SFP concrete is 
reduced to one-half of its nominal value. 

Scenario 3 Same as Scenario 1 except that the subgrade adjacent to one side of SES (Space 
A) is excavated down to the SFP and that the VCT is not considered.  

Scenario 4 Same as Scenario 3 except that the Young’s Modulus of the SFP concrete is 
reduced to one-half of its nominal value. 
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Table 3.4.3 
 

ISFSI INTERFACE LOADS OBTAINED FROM LS-DYNA SSI SIMULATIONS 
Interface Load Scenario 1 Scenario 2 Scenario 3 Scenario 4 

CEC to SFP Impact 
Load1, lbf 7.7191×105 7.1945×105 7.1505×105 6.6774×105 

Transporter to ISFSI 
Pad Contact Load 

per Track2, lbf 
8.6014×105 8.0838×105 NA NA 

Notes: 
1. A bounding value of 8.0×105 lbf is conservatively used in the strength qualification of ISFSI 

structure reported in subparagraph 3.4.4.1.2; 
2. A bounding value of 1.0×106 lbf is conservatively used in the strength qualification of ISFSI 

structure reported in subparagraph 3.4.4.1.2. 
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Table 3.4.4 
 

HI-STORM UMAX VVM COMPONENTS SEISMIC QUALIFICATION  
ANALYSIS RESULTS 

Item Calculated Value Allowable Limit Safety Factor 

Ovalization of VVM 
Shells Not a credible concern; see discussion in subparagraph 3.4.4.1.2 

MPC Shell Primary 
Stress, ksi 25.88 42.0 1.62 

MPC Guide Impact 
Load, lbf 2.1161×105† 2.368×105 1.12 

MPC Peak Impact 
Deceleration, g’s 27.854 Table 3.1.1 2.2.2 

Local Plastic Strain of 
MPC Shell, in/in 0.028 0.1 3.57 

† This is the maximum impact load obtained from the four SSI runs listed in Table 3.4.2 and is 
bounded by the corresponding impact force (see Figure 3.4.6a) in the governing MPC to MPC 
guide impact analysis.  
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Table 3.4.5 
 

MOMENT RESULTS AND CORRESPONDING MINIMUM SAFETY FACTORS 
FOR THE ISFSI STRUCTURES 
Support Foundation Pad (SFP) ‡ 

ISFSI Load 
Configuration 

Moment 
Induced  

(lbf-in/in) 

Axial Force 
(lbf/in) 

Corresponding 
Moment Capacity  

(lbf-in/in) 

Minimum Safety Factor 
 

Simulation Model I 84,841 3095.8 207,792 2.449 

Simulation Model II 94,625 -584.9 254,460 2.689 

Simulation Model III 110,480 993.9 235,770 2.134 

Simulation Model IV 96,271 770.3 238,750 2.479 

Simulation Model V 78,835 4,502 189,080 2.398 

ISFSI Pad  ‡ 

Simulation Model I 94,265 -39855 274,688 2.914 

Simulation Model II 89,244 -14741 339,910 3.808 

Simulation Model III 88,090 -31496 323,170 3.668 

Simulation Model IV 87,086 -27938 343,800 3.947 

Simulation Model V 62,025 4150 171,970 2.773 

‡ The moment capacities for the SFP and ISFSI pad are calculated using axial-force-moment interaction diagram 
corresponding to the axial force and moment induced in the limiting element. Figure 3.4.13a through 3.4.21c also capture 
the stress plots for the governing load combination (LC-3 in Table 2.4.3) for all the ISFSI loading configurations 
analyzed. 
 
Note that the flexural safety factors calculated above are based on the maximum moment induced in a single element, 
which is very conservative. Averaging over a width of the loaded section would result in much higher safety factors. 
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Table 3.4.6 

 
MINIMUM SAFETY FACTORS AGAINST PUNCHING SHEAR FAILURE 

 FOR THE ISFSI STRUCTURES 
ISFSI Structure Punching Shear Safety Factor 

SFP 2.8 

ISFSI Pad 1.5 
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Table 3.4.7 
 

BEARING STRESS OF SUBGRADE UNDER THE ISFSI PAD  

Computed Bearing 
Stress (psi) 

Allowable Bearing 
Stress (psi) Safety Factor 

Minimum Safety 
Factor Required per 

[3.4.9] 
38.7 100† 2.58 2.0 

† Table 3.3.4 lists the actual bearing stress capacity, which is much greater than this 
conservatively specified allowable bearing stress.  
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Table 3.4.8 
 

MISSILE IMPACT ANALYSIS RESULTS 
Missile Type – Impact 

Location 
Item Calculated 

Value 
Allowable 

Limit 
Safety 
Factor 

Large Missile – 
Impact on HI-STORM 
UMAX Closure Lid 

Horizontal impact load 
that may dislodge the 
Closure lid, lbf 

4.856×105 1.574×106 3.24 

Vertical impact load that 
may lead to the collapse 
of the Closure lid, lbf 

3.237×105 1.077×106 3.33 

Intermediate Missile – 
Impact on HI-STORM 
UMAX Closure Lid 

Penetration, in 3.346 20 5.98 
Vertical impact load that 
may lead to the drop of 
the “extended lid”, lbf 

3.237×105 1.203×106 3.71 

Small Missile – 
Impact on HI-STORM 
UMAX Closure Lid 

Penetration, in 0.266 20 75.2 

Large Missile – 
Impact on Exposed 
SES surface 

Penetration, ft 0.177 10 56.5 

Intermediate Missile – 
Impact on Exposed 
SES surface 

Penetration, ft 0.544 10 18.4 

Small Missile – 
Impact on Exposed 
SES surface 

Penetration, ft 0.112 10 89.3 
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Table 3.4.9 
 

BOUNDING STRESS AND BUCKLING ANALYSIS RESULTS OF THE SHELL 
DURING MPC TRANSFER OPERATION 

Item Calculated Value 
ksi 

Allowable Limit 
ksi Safety Factor 

Compressive Stress of 
CEC Shell 1.698 

Compression: 16.7 9.8 

Buckling: 252.4 148.7 
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Table 3.4.10 

 
KEY RESULTS OF LS-DYNA SSI ANALYSES FOR HI-STORM UMAX VERSION MSE 

UNDER THE MOST SEVERE EARTHQUAKE CONDITION 

Case (1) 

Maximum 
MPC Guide 
Plate Force 

(kips) 

Maximum 
SFP Load 

(kips) 

SES 
Maximum 
Horizontal 

Acceleration 
(g’s)   

Closure Lid 
Maximum 

Accelerations 
(g’s) (2)  

MPC 
Maximum 
Horizontal 

Accelerations 
(g’s)   

1S 326.62 625.9 5.14 6.93 (H) 
1.815 (V) 6.4 

1L 374.06 808.0 5.89 7.27 (H) 
1.51 (V) 7.30 

2L 394.57 1,061.2 6.22 8.18 (H) 
2.46 (V) 7.99 

3L 349.12 875.08 5.57 6.04 (H) 
1.88 (V) 7.16 

4L 388.49 942.44 6.01 8.20 (H) 
1.59 (V) 8.65 

5L 446.76 1,232.8 6.64 8.34 (H) 
2.48 (V) 7.99 

2LL 426.96 933.58 7.13 9.39 (H) 
2.39 (H) 8.00 

2LU 475.89 999.73 6.96 7.94 (H) 
1.63 (V) 9.02 

Notes: (1) The SSI analysis case name consists of a number and one or two letters and follows the following 
convention: The number shows which of the five earthquakes is considered; the first letter “L” or “S” identifies if the 
“large” or “small” soil” model is considered.“Best estimate” soil properties are used unless a second letter “L” or 
“U” is used in the case identifier to indicate if the “lower” (L) or “upper” (U) bound soil properties are considered.  
(2) (H) and (V) respectively denote lid accelerations in horizontal and vertical directions.      
 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001345

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-5, Page 297 of 301
(1369 of 2110)



 

 
HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 

HI-2115090      Rev. 3 
3-76 

 

 
Table 3.4.11 

 
GOVERNING SSI RESPONSE PARAMETERS UNDER THE MOST SEVERE 

EARTHQUAKE CONDITION 

Item 

Maximum 
Impact Force 
on the MPC 
Guide Plate  

(kips) 

Maximum 
Compression 
Load on the 

Support 
Foundation 
Pad (SFP) 

(kips) 

Maximum 
Horizontal 

Acceleration 
in the 

Concrete in 
Space A  

(g’s)   

Closure Lid 
Maximum 

Accelerations 
(g’s)  

MPC 
Maximum 
Horizontal 

Accelerations 
(g’s)   

Averaged 
Response of 5 
Earthquakes 

390.60 984.10 6.07 7.61 (H) 
2.07 (V) 7.76 

Amplification 
factor 1.21 1.0 1.15 1.15 (H) 

1.0 (V) 1.13 

Governing 
Response 

Parameters 
471.10 984.10 6.95 8.73 (H) 

2.07 (V) 8.76 
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Table 3.4.12 

 
STRUCTURAL QUALIFICATION ANALYSIS RESULTS OF HI-STORM UMAX VVM 

COMPONENTS UNDER THE MSE CONDITION 
Item Calculated Value Specified Limit for 

Safety Evaluation  
Safety Factor 

Ovalization of VVM 
Shells 

Not a credible concern; due to the upgraded SES material (3,000 psi 
concrete) for the MSE condition 

MPC Shell Primary 
Stress, ksi 35.92 42.0 1.17 

MPC Guide Impact 
Load, lbf 4.711×105 (1) 5.352×105 (2) 1.14 

MPC Peak Impact 
Deceleration, g’s 44.609 (3) 61.75 (4) 1.38 

Local Plastic Strain of 
MPC Shell at the 
Impact Location in 
the Lid Region, in/in 

0.025 
 

0.1 
(See Table 3.1.1) 4.0 

Closure Lid Hold-
Down Structure Uplift 
Load, kips 

31.0 99.6(5) 3.21 

Notes: (1) This is the maximum impact load obtained from the governing seismic response results listed in Table 
3.4.11 and is bounded by the corresponding impact force (see Figure 3.4.27) obtained in the bounding MPC to MPC 
guide impact LS-DYNA analysis.  (2) Minimum value of the allowable limits of the top MPC guide plate and the 
bottom MPC guide ring. (3) Conservatively taken as the peak MPC deceleration in the bounding MPC to MPC guide 
impact LS-DYNA analysis.  (4) The limit on the MPC peak deceleration utilizes the computed value for the non-
mechanistic tip-over event in the HI-STORM FW docket.  (5) Based on the capacity of the weakest component in 
the lid hold-down structure. 
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Table 3.4.13 

 
MINIMUM SAFETY FACTOR OF THE SUPPORT FOUNDATION PAD  

UNDER THE MSE CONDITION 

Seismic Condition 
Peak Seismic Load Applied to 

the SFP Through A Loaded 
MPC (kips) 

Minimum SFP Safety 
Factor 

Design Basis Earthquake 800.0 2.13(1) 

Most Severe Earthquake 984.1 1.73(2) 
Notes: (1) The minimum SFP safety factor taken from Table 3.4.5; (2) The SFP minimum safety factor under the 
MSE condition is conservatively obtained by multiplying the minimum safety factor computed previously under the 
DBE condition (in the initial qualification) by the ratio of the maximum seismic load on the SFP under DBE to the 
corresponding  load  computed under MSE.   
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[PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 
2.390] 

 
Figure 3.4.1; 3-D LSDYNA Soil Model for the Design Basis Seismic Response Analysis 
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[PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390] 
 

Figure 3.4.2; 3-D LSDYNA Model for the Non-Linear SSI Analysis of the HI-STORM UMAX 
ISFSI under the Loading Scenarios 1 and 2 in Table 3.4.2 
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[PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 

2.390] 
 

Figure 3.4.3; 3-D LSDYNA Model for the Non-Linear SSI Analysis of the HI-STORM UMAX 
ISFSI under the Loading Scenarios 3 and 4 in Table 3.4.2 
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2.390] 

 
Figure 3.4.4; Maximum Tensile Stress Experienced by the Exposed SES due to Excavation 

during the DBE Event 
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[PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 
2.390] 

 
Figure 3.4.5; LSDYNA Model for the Governing MPC to Guide Impact 
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Figure 3.4.6a; Time History of the Impact Force at the MPC/MPC Top Guide Interface 
(Maximum force = 2×2.4631×105 lbf = 4.9262×105 lbf due to the half model) 
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Figure 3.4.6b; Maximum Shear Stress of the MPC Shell 
(Maximum Primary Stress Intensity = 2×12,940 psi = 25,880 psi) 
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Figure 3.4.7; MPC Top Lid Impact Deceleration Time History under the DBE Condition 
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Figure 3.4.8; Maximum Plastic Strain of the MPC Enclosure Vessel Due to the Bounding Impact 
with the MPC Top Guide under the DBE Condition 
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Figure 3.4.9; Finite Element Model of the ISFSI Reinforced Concrete Structures for Simulation 
Models I, III and IV 
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Figure 3.4.10; Finite Element Model of the ISFSI Reinforced Concrete Structures for Simulation 
Model II 
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Figure 3.4.11; Finite Element Model of the ISFSI Reinforced Concrete Structures for Simulation 
Model V 
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Note: The blue footprints show the SFP area loaded with the SSC’s and the red footprint represents the loaded TSP 
area with the transporter (VCT). The soil extending beyond the SFP boundary is not shown in the above plot for 
clarity. 
 
Figure 3.4.12; ANSYS Finite Element Model of ISFSI Showing the Fully Loaded Configuration 

(Simulation Model I) 
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Figure 3.4.13a; Normal Stress (Sy) in the ISFSI in the Direction of the Transporter Path for 
Simulation Model I – Load Combination LC-3 from Table 2.4.3 
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Figure 3.4.13b; Normal Stress (Sy) in SFP, Simulation Model I – Load Combination LC-3 from 
Table 2.4.3 
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Figure 3.4.13c; Normal Stress (Sy) in ISFSI Pad Simulation Model I – Load Combination LC-3 
from Table 2.4.3 
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Figure 3.4.14; ANSYS Finite Element Model of ISFSI Showing the Partially Loaded 
Configuration (Simulation Model II) 
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Figure 3.4.15a; Normal Stress in the ISFSI in the Direction of the Transporter Path for 
Simulation Model II – Load Combination LC-3 from Table 2.4.3 
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Figure 3.4.15b; Normal Stress (Sx) in SFP, Simulation Model II – Load Combination LC-3 from 
Table 2.4.3 
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Figure 3.4.15c; Normal Stress (Sx) in ISFSI Pad, Simulation Model II – Load Combination LC-3 
from Table 2.4.3 
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Figure 3.4.16; ANSYS Finite Element of ISFSI Showing the Center Row Loading (Simulation 
Model III) 
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Figure 3.4.17a; Normal Stress in the ISFSI in the Direction of the Transporter Path for 
Simulation Model III – Load Combination LC-3 from Table 2.4.3 
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Figure 3.4.17b; Normal Stress (Sy) in SFP, Simulation Model III – Load Combination LC-3 
from Table 2.4.3 
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Figure 3.4.17c; Normal Stress (Sy) in ISFSI Pad, Simulation Model III – Load Combination LC-
3 from Table 2.4.3 
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Figure 3.4.18; ANSYS Finite Element of ISFSI Showing the Single VVM Loaded  
(Simulation Model IV) 
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Figure 3.4.19a; Normal Stress in the ISFSI in the Direction of the Transporter Path for 
Simulation Model IV – Load Combination LC-3 from Table 2.4.3 
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Figure 3.4.19b; Normal Stress (Sy) in SFP, Simulation Model IV – Load Combination LC-3 
from Table 2.4.3 
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Figure 3.4.19c; Normal Stress (Sy) in ISFSI Pad, Simulation Model IV – Load Combination LC-
3 from Table 2.4.3 
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Figure 3.4.20; ANSYS Finite Element of ISFSI with fully loaded configuration (Simulation 
Model V) 
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Figure 3.4.21a; Normal Stress in the ISFSI for Simulation Model V – Load Combination LC-3 
from Table 2.4.3 
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Figure 3.4.21b; Normal Stress (Sx) in SFP, Simulation Model V – Load Combination LC-3 from 
Table 2.4.3 
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Figure 3.4.21c; Normal Stress (Sx) in ISFSI Pad, Simulation Model V – Load Combination LC-3 
from Table 2.4.3 
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FIGURE 3.4.22; TEST RESULTS FROM 35 MPH IMPACT OF A FORD (1705 KG)  
AGAINST A RIGID WALL 
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Figure 3.4.23; Relationship between ZPA and Dynamic Shear Strain 
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Figure 3.4.24; Relationship between Shear Strain and Shear Modulus Reduction 
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Figure 3.4.25; 3-D LSDYNA Model with “Large” Space B Subgrade for the Non-Linear SSI 
Analysis of the HI-STORM UMAX Version MSE  
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Figure 3.4.26; 3-D LSDYNA Model with “Small” Space B Subgrade for the Non-Linear SSI 
Analysis of the HI-STORM UMAX Version MSE 
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Figure 3.4.27; Time History of the Impact Force at the MPC/MPC Upper Guide Interface 
(Maximum force = 2×3.582×105 lbf = 7.164×105 lbf due to the half model) Obtained 

 from the MPC to MPC Upper Guide Impact Analysis for the MSE Condition 
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Figure 3.4.28; Maximum Shear Stress of the MPC Shell under the MSE Condition 
(Maximum Primary Stress Intensity = 2×17,960 psi = 35,920 psi) 
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Figure 3.4.29; Maximum Plastic Strain of the MPC Enclosure Vessel Due to the Bounding 
Impact with the MPC Upper Guide under the MSE Condition 
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3.5 FUEL RODS 
 
The regulations governing spent fuel storage cask approval and fabrication (10 CFR 72.236) require 
that a storage cask system “will reasonably maintain confinement of radioactive material under 
normal, off-normal, and credible accident conditions” (§72.236(l)). Since fuel rod cladding is not 
considered in the design criteria for the confinement of radioactive material under normal, off-
normal, or accident conditions of storage, no specific analysis or test results for the fuel rod cladding 
 are required to demonstrate cladding integrity.  
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3.6 SUPPLEMENTAL DATA 
 
3.6.1 Calculation Packages 
 
In addition to the calculations presented in Chapter 3, supporting calculation packages have been 
prepared to document other information pertinent to the analyses. Supporting calculation packages 
back up the summary results reported in the FSAR. The Calculation Packages are referenced in the 
body of the FSAR and are maintained as proprietary documents in Holtec’s Configuration Control 
system.    
 
3.6.2  Computer Programs 
 
 Computer programs used in this FASR are summarized in this chapter. 
 
i. ANSYS 
 
ANSYS is a public domain code, well benchmarked code, which utilizes the finite element method 
for structural analyses. It is a self contained analysis tool incorporating pre-processing (geometry 
creation, meshing), solver, and post processing modules in a unified graphical user interface. It can 
simulate both linear and non-linear material and geometric behavior. It includes contact algorithms 
to simulate surfaces making and breaking contact, and can be used for both static and dynamic 
simulations. ANSYS has been independently QA validated by Holtec International and used for 
structural analysis of casks, fuel racks, pressure vessels, and a wide variety of SSCs, for over twenty 
years.   
 
ii. LS-DYNA 

 
LS-DYNA is a general purpose finite element code for analyzing the large deformation static and 
dynamic response of structures including structures coupled to fluids.  The main solution 
methodology is based on explicit time integration and is therefore well suited for the examination of 
the response to shock loading. A contact-impact algorithm allows difficult contact problems to be 
easily treated. Spatial discretization is achieved by the use of four node tetrahedron and eight node 
solid elements, two node beam elements, three and four node shell elements, eight node solid shell 
elements, truss elements, membrane elements, discrete elements, and rigid bodies.  A variety of 
element formulations are available for each element type. Adaptive re-meshing is available for shell 
elements.  LS-DYNA currently contains approximately one hundred constitutive models and ten 
equations-of-state to cover a wide range of material behavior. 
 
In this safety analysis report, LS-DYNA is used to analyze all loading conditions that involve short-
time dynamic effects. 
 
LS-DYNA is maintained in a QA-validated status in Holtec’s Configuration Control system. 
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iii.     Shake 2000 [3.4.4] 
 
SHAKE 2000, QA validated in [3.6.1] under Holtec International’s quality program, has been used 
to characterize the transformation of the components of an earthquake as they traverse through 
layers of soil. SHAKE 200 is a linear ,elastic wave propagation code based  on a 1972 report by P.B. 
Schnabel, Lysmer, J. and H.B. Seed  at the Earthquake Engineering Research Center entitled 
“SHAKE: A Computer Program for Earthquake analysis of Horizontally Layered Sites”, EERC 
report number 71-12. SHAKE 2000 has been used in this FSAR to define the earthquake response 
spectra at the TOG and at the SFP levels consistent with the assumed properties of the subgrade and 
the undergrade. 
 
The above mentioned computer codes have been benchmarked and QA-validated to establish their 
veracity. The compliance matrix in Table 3.6.1 below provides the necessary information to 
document their validation status, and the measures employed pursuant to ISG-21 and Holtec’s QA 
program, to ensure error-free solutions. 
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Table 3.6.1 

 
ISG-21 AND QA COMPLIANCE MATRIX FOR COMPUTER CODES 

 Item ANSYS LS-DYNA Shake 2000 
1. Benchmark and QA-validation are documented in 

Holtec Report No.(s) (Proprietary Reports) HI-2012627 HI-961519 HI-2022827 
HI-2104792 

2. Computer Program Type (Public or Private Domain) Public 
Domain 

Public 
Domain 

Public 
Domain 

3. Does Holtec maintain a system evaluating error 
notices if any are issued by the Code provider to 
evaluate their effect on the safety analyses carried out 
using the Code, including Part 21 notification? 
(Yes/No) 

Yes Yes Yes 

4. Is the use of the Code restricted to personnel 
qualified under the Company’s personnel 
qualification program? (Yes/No) 

Yes Yes No 

5. Has  benchmarking been performed against sample 
problems with known independently obtained 
numerical solutions (Yes/No) 

Yes Yes Yes 

6. Have element types used in the safety analyses herein 
also employed in the benchmarking effort? (Yes/No) Yes Yes N/A 

7. Are the element types used in this FSAR also used in 
other Holtec dockets that support other CoCs? 
(Yes/No) 

Yes Yes N/A 

8. Is each update of the Code vetted for backwards 
consistency with prior updates? (Yes/No) Yes Yes Yes 

9. Is the use of the Code limited to the range of 
parameters specified in the User Manual provided by 
the Code Developer? (Yes/No) 

Yes Yes Yes 

10. Are the element aspect ratios, where applicable, used 
in the simulation model within the limit 
recommended by the Code Developer or Holtec’s 
successful experience in other safety analyses? 
(Yes/No) 

Yes Yes N/A 

11. Are element sizes used in the simulation models 
consistent with past successful analyses in safety 
significant applications? (Yes/No) 

Yes Yes N/A 

12. Was every computer run in this chapter free of an 
error warning (i.e., in hidden warnings in the Code 
that indicate a possible error in the solution? 
(Yes/No) 

Yes Yes Yes 

13. If the answer to the above is No, then is the annotated 
warning discussed in the discussion of the result in 
this report?  

N/A N/A N/A 
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3.7 COMPLIANCEWITH THE STRUCTURAL REQUIREMENTS IN  
 PART 72 
 
Supporting information to provide reasonable assurance with respect to the adequacy of the HI-
STORM UMAX system to store spent nuclear fuel in accordance with the stipulations of 10CFR72 
is presented throughout this FSAR.  The following statements are applicable to an affirmative 
structural safety evaluation: 
 

• The design and structural analysis of the HI-STORM UMAX System is in full 
compliance with the provisions of Chapter 3 of NUREG-1536 as appropriate for a 
vertical ventilated module assembly (see Table 3.7.1).  

 
• The HI-STORM UMAX structures, systems, and components (SSC) that are important to 

safety (ITS) are identified in the Licensing Drawings in Section 1.5. The Licensing Drawings 
present the HI-STORM UMAX SSCs in adequate detail and the explanatory narratives in 
this chapter provide sufficient textual details to allow an independent evaluation of their 
structural effectiveness. 

 
• The requirements of 10CFR72.24 with regard to information pertinent to structural 

evaluation are provided in Chapters 2, 3, and 12. 
 

• Technical Specifications pertaining to the structures of the HI-STORM UMAX system have 
been provided in Chapter 13 herein pursuant to the requirements of 10CFR72.26. 

 
• A series of analyses to demonstrate compliance with the requirements of 10CFR72.122(b) 

and (c), and 10CFR72.24(c)(3) have been performed which show that SSCs in the HI-
STORM UMAX VVM designated as ITS possess an adequate margin of safety with respect 
to all load combinations applicable to normal, off-normal, accident, and natural phenomenon 
events. In particular, the following information is provided: 

 
i. Load combinations for the  HI-STORM UMAX VVM and the ISFSI 

structures for normal, off-normal, accident, and natural phenomenon events 
have been provided. 

 
ii. Stress limits applicable to the Code materials can be found in Section 3.3. 

 
iii. The stress and displacement response of the MPC Enclosure vessel, and the 

HI-STORM UMAX VVM for all applicable loads, have been computed by 
analysis and reported in Subsections 3.4.3 and 3.4.4. Descriptions of stress 
analysis models are presented in Subsection 3.1.3. 
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• The criticality safety of the stored MPCs is ensured by demonstrating that the maximum 

g-load sustained by the MPC stored inside the HI-STORM UMAX VVMs is less than 
their licensing basis value. This conclusion satisfies the requirement of 10CFR72.124(a), 
with respect to structural margins of safety for SSCs important to nuclear criticality 
safety. 

 
• Structural margins of safety during handling, packaging, and transfer operations, under the 

provisions of 10CFR Part 72.236(b), imply that the lifting and handling devices be 
engineered to comply with the stipulations of ANSI N14.6, NUREG-0612. The requirements 
of the governing standards for handling operations are summarized in Subsection 3.4.3 
herein. Factors of safety for all ITS components under lifting and handling operations are 
summarized in tables in Section 3.4, which show that adequate structural margins exist in all 
cases.  

 
• Consistent with the requirements of 10CFR72.236(i), the confinement boundary for the 

HI-STORM UMAX System has been engineered to maintain confinement of radioactive 
materials under normal, off-normal, and postulated accident conditions. This assertion of 
confinement integrity is made on the strength of the MPC’s licensing basis in docket 
number 72-1032 and the following information provided in this FSAR. 

 
• The information on structural design included in this FSAR complies with the requirements 

of 10CFR72.120 and 10CFR72.122.  
 

• The structural design features in the HI-STORM UMAX VVM (along with the previously 
certified MPCs) are in compliance with the specific requirements of 10CFR72.236(e), (f), 
(g), (h), (i), (j), (k), and (m). 
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Table 3.7.1 
 

NUREG-1536 COMPLIANCE MATRIX FOR 10CFR72.120 AND 10CFR72.122 REQUIREMENTS 
 Item 

 
 Compliance 

 
Notes 

 
i. Design and fabrication to 

acceptable quality standards 

 
All ITS components designed and fabricated to recognized Codes and 
Standards: 
 
• Enclosure Vessel:  Subsection NB, loc. cit. 
 
• HI-STORM UMAX  Subsection NF, loc. cit. 

Structure: 

 
Subparagraph 3.1.2.3 
 
 
 
 

 
ii. Erection to acceptable quality 

standards 

 
• Concrete in HI-STORM UMAX closure lid meets requirements of: 

ACI –318 (2005) 
 

 
Subsection 3.3.2 

 
iii. Testing to acceptable quality 

standards 

 
• All non-destructive examination of structural components utilizes 

Section V of the ASME Code. 
 
• Testing for radiation containment per provisions of NUREG-1536  
 
•                 Concrete testing  

 
Chapter 8 

 
iv. Adequate structural protection 

against environmental 
conditions and natural 
phenomena. 

 
Analyses presented in Chapter 3 demonstrate that the confinement boundary 
will preserve its integrity under all postulated off-normal and natural 
phenomena events listed in Chapter 2. 

 
Subparagraph 3.4.4.1 
 
Chapter 11 

 
v. Adequate protection against 

fires and explosions 

 
• The extent of combustible (exothermic) material in the vicinity of 

the cask system is procedurally controlled (the sole source of 
hydrocarbon energy is diesel in the tow vehicle). 

 
• Analyses show that the heat energy released from the postulated fire 

 
Subsections 12.3.20 and 12.3.21 
 
 
 
Subsection 11.2.4 
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Table 3.7.1 

 
NUREG-1536 COMPLIANCE MATRIX FOR 10CFR72.120 AND 10CFR72.122 REQUIREMENTS 

 Item 
 
 Compliance 

 
Notes 

accident condition surrounding the cask will not result in impairment 
of the confinement boundary and will not lead to structural failure of 
the VVM. The effect on shielding will be localized to the external 
surfaces directly exposed to the fire without a significant change in 
HI-STORM UMAX VVM.  

 
• Explosion effects are shown to be bounded by the Code external 

pressure design basis and there is no adverse effect on ready 
retrievability of the MPC.  

 
Subparagraph 3.4.4.1 
 
 
 
 
 
 

 
vi. Appropriate inspection, 

maintenance, and testing 

 
Inspection, maintenance, and testing requirements set forth in this FSAR are 
in full compliance with the governing regulations and established industry 
practice. 

 
See Chapters 1 and 2. 

 
vii. Adequate accessibility in 

emergencies. 

 
The HI-STORM UMAX closure lid can be removed to gain access to the 
multi-purpose canister. 
 
All HI-TRAC transfer cask models have removable bottom and top lids. 

 
Chapter 9 
 
 
Chapter 9 

viii. A confinement barrier that 
acceptably protects the spent 
fuel cladding during storage. 

The peak temperature of the fuel cladding at design basis heat duty of each 
MPC has been demonstrated to be maintained below the limits specified in 
ISG-11 Revision 3. 
 
The confinement barriers consist of highly ductile stainless steel alloys. The 
multi-purpose canister is housed in the VVM, built from a steel structure 
whose materials are selected and examined to maintain protection against 
brittle fracture under off-normal ambient (cold) temperatures (minimum of -
40ºF). 

Section 4.4 
 
 
Subsection 3.1 
 

 
ix. The structures are compatible 

with the appropriate 
monitoring systems. 

 
The HI-STORM UMAX VVM with openings that are designed to prevent 
radiation streaming while enabling complete access to temperature 
monitoring probes, if used.  

 
Section 1.5 
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Table 3.7.1 

 
NUREG-1536 COMPLIANCE MATRIX FOR 10CFR72.120 AND 10CFR72.122 REQUIREMENTS 

 Item 
 
 Compliance 

 
Notes 

x. Structural designs are 
compatible with ready 
retrievability of fuel. 

The VVMs are designed to withstand accident loads without suffering 
permanent deformations of their structures that would prevent retrievability of 
the MPC by normal means. It is demonstrated by analysis that there is no 
physical interference between the MPC and the enveloping HI-STORM 
VVM under all postulated Design Basis loads. 

 
Section 3.4  

 
xi. Adequate heat removal 

without active cooling 
systems. 

 
Thermal analyses presented in Chapter 4 show that the HI-STORM UMAX 
System will remove the decay heat generated from the stored spent fuel by 
strictly passive means and maintain the system temperature within prescribed 
limits.  

 
Section 4.4 

 
xii. Storage of spent fuel for a 

minimum of 20 years. 

 
The service life of the storage modules is engineered to be in excess of 60 
years. 

Subsection 3.4.7 

 
xiii. Conspicuous and durable 

marking. 

 
The exterior envelope of the VVM is marked in a conspicuous manner as 
required by 10CFR 72.236(k). 

 
N/A 

 
ix.  Compatibility with removal of 

the stored fuel from the site, 
transportation, and ultimate 
disposal by the U.S. 
Department of Energy. 

The MPCs used in the HI-STORM UMAX System are intended to serve as a 
transportable waste package.   

N/A 
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CHAPTER 4:  THERMAL EVALUATION 
 
4.0   OVERVIEW 
 
 HI-STORM UMAX is an underground vertical ventilated module (VVM) with openings for air 
ingress and egress and internal air flow passages for ventilation cooling of loaded MPC. The 
licensing drawing package for the HI-STORM UMAX is provided in Section 1.5. Thermal 
design requirements are presented in Section 2.5. The analyses summarized in this chapter focus 
on the governing canisters out of the population of MPCs listed in Table 1.2.1. This chapter, 
however, supports the certification of only MPC-37 and MPC-89 at this time. The analyses 
reported for smaller canisters are for reference purposes only.  
 
Section 1.2 provides a summary description of the HI-STORM UMAX system. The MPC types 
considered for evaluating storage in HI-STORM UMAX VVMs are listed in Table 1.2.1. In this 
chapter, compliance of HI-STORM UMAX system’s thermal performance to 10CFR72 
requirements for storage at an ISFSI using 3-D thermal simulation models is established. The 
analyses consider passive rejection of decay heat from the stored SNF assemblies to the 
environment under normal, off-normal, and accident conditions of storage. In particular, the 
thermal margins of safety for long-term storage of both moderate burnup (up to 45,000 
MWD/MTU) and high burnup spent nuclear fuel (greater than 45,000 MWD/MTU) in the HI-
STORM UMAX system are quantified. The HI-STORM UMAX deploys MPCs and HI-TRAC 
transfer casks that have been previously certified in HI-STORM FW FSAR and CoC (USNRC 
Docket 72-1032). Safe thermal performance during fuel loading, unloading and on-site transfer 
operations, collectively referred to as “short-term operations” utilizing the HI-TRAC VW 
transfer cask for MPC-37 and MPC-89 is also evaluated. The cases of normal, off-normal and 
accident conditions of storage, enumerated in Chapter 2 are also evaluated for the MPC designs 
in Table 1.2.1 to establish an acceptable safety case for their long term storage in the HI-STORM 
UMAX VVMs. 
 
The thermal evaluation of HI-STORM UMAX follows the guidelines of NUREG-1536 [4.0.1] 
and ISG-11 [4.0.2]. These guidelines provide specific limits on the permissible maximum 
cladding temperature in the stored commercial spent fuel (CSF)* and other Confinement 
Boundary components, and on the maximum permissible pressure in the confinement space 
under certain operating scenarios. Specifically, the requirements are: 
 

1. The fuel cladding temperature must meet the temperature limit appropriate to its burnup 
level and condition of storage / handling set forth in NUREG-1536 [4.0.1] and ISG-11 
[4.0.2]. 

 
2. The maximum internal pressure of the MPC should remain within its design pressures for 

normal, off-normal, and accident conditions set forth in Table 2.3.5. 
 

                                                 
*  Defined as nuclear fuel that is used to produce energy in a commercial nuclear reactor (See Glossary).  
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3. The temperatures of the cask materials shall remain below their allowable limits set forth 
in Table 2.3.7 under all scenarios.  
 

Section 2.5 of this FSAR contains a listing of all thermal analysis cases that warrant analysis. 
Section 2.1 in Chapter 2 provides the Design Basis heat loads (maximum permissible heat loads 
in storage cells). As demonstrated in this chapter, the HI-STORM UMAX system is designed to 
comply with all of the thermal criteria defined in Chapter 2.  
 
Sections 4.1 through 4.3 describe thermal analyses and input data that are common to all 
conditions of storage, handling and on-site transfer operations. All required thermal analyses to 
evaluate normal conditions of storage in a HI-STORM UMAX storage module are described in 
Section 4.4. The thermal performance of the system is also evaluated under sustained wind 
conditions in Section 4.4. Thermal analyses to evaluate on-site transfer in a HI-TRAC transfer 
cask are considered in Section 4.5 and the evaluations to establish compliance under off-normal 
and accident conditions are summarized in Section 4.6.  
 
To facilitate convenient access to the referenced material, the latest edition of the HI-STORM 
FW FSAR has been placed in this docket and a list of "FW" FSAR sections germane to this 
chapter is provided in a tabular form. The HI-STORM FW FSAR will be maintained in a 
configuration controlled status in this docket as a mandatory supplement to this FSAR. Table 
4.0.1 provides a listing of the material adopted in this chapter by reference to the HI-STORM 
FW FSAR. 
 
The safety analyses summarized in this chapter demonstrate acceptable margins to the allowable 
limits under all design basis loading conditions and operational modes. Minor changes to the 
design parameters that inevitably occur during the product’s life cycle which are treated within 
the purview of 10CFR72.48 and are ascertained to have an insignificant effect on the computed 
safety factors may not prompt a formal reanalysis and revision of the results and associated data 
in the tables of this chapter unless the cumulative effect of all such unquantified changes on the 
reduction of any of the computed safety margins cannot be deemed to be insignificant. For 
purposes of this determination, an insignificant loss of safety margin with reference to an 
acceptance criterion is defined as the estimated reduction that is no more than one order of 
magnitude below the available margin reported in the FSAR. To ensure rigorous configuration 
control, the information in the Licensing drawings in Section 1.5 should be treated as the 
authoritative source for numerical analysis at all times. Reliance on the input data and associated 
results in this chapter for additional mathematical computations may not be appropriate as 
they serve the sole purpose of establishing safety compliance in accordance with the acceptance 
criteria set down in Chapter 2 and in this chapter.  
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Table 4.0.1 
 

HI-STORM FW FSAR MATERIAL GERMANE TO THE EVALUATIONS IN THIS 
FSAR * 

Location of UMAX 
FSAR  

Subject of the reference Location in HI-STORM 
FW FSAR, Revision 3 

Sub-Section 4.4.1 Description of MPC thermal models Sub-Section 4.4.1 

Sub-Section 4.4.1 Fuel region effective thermal properties Paragraph 4.4.1.1 

Sub-Section 4.4.1 Flow resistance through fuel assemblies Paragraph 4.4.1.2 

Paragraph 4.6.1.4  FHD Malfunction Paragraph 4.6.1.4 

Paragraph 4.6.2.1 Fire accident events Paragraph 4.6.2.1 

Paragraph 4.6.2.6 HI-TRAC VW jacket water loss accident Paragraph 4.6.2.2 
 

                                                 
* For convenience of reference, the specific revision of the HI-STORM FW FSAR that is referenced in the safety 
analysis herein is placed in this docket. Updated versions of the HI-STORM FW FSAR shall be placed in this 
docket as necessary so as to ensure that the safety analyses on the “UMAX” docket (72-1040) remain aligned with 
the material referenced in the HI-STORM FW FSAR. 
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4.1   DESIGN BASIS HEAT LOAD AND GOVERNING MPC FOR 
THERMAL ANALYSIS 

 
As stated in Section 2.0, the HI-STORM UMAX system has been designed to store all 
previously certified MPCs under NRC dockets No. 72-1014 and 72-1032. Therefore it is 
necessary to identify the governing MPC from the list in Table 1.2.1 along with its governing 
heat load. The governing MPC and its heat load combination are defined as the one that yields 
the maximum PCT. For this purpose, it is helpful to consider two fundamental facts relevant to 
the thermal performance of VVMs; namely, 
 

a. Smaller the size of the flow annulus, smaller the air flow rate and a correspondingly 
lesser extent of heat extraction from the MPC surface and hence greater the PCT in the 
stored fuel. 

b. Larger the heat load, greater the PCT. It must be noted that both the total heat load and 
per assembly heat load distribution must be considered. 

 
Because the inside diameter of  HI-STORM UMAX VVM is fixed, it is readily deduced that the 
larger diameter MPCs previously licensed in the HI-STORM FW docket [4.1.2] will have a 
smaller axial flow annulus compared to those in the HI-STORM 100 docket [4.1.1]. The DBHL 
is also substantially greater in the HI-STORM FW system compared to the HI-STORM 100 
system. The input data for all MPCs previously licensed in HI-STORM FW docket, i.e. MPC-37 
with short, standard and long fuels under various heat load charts (see Table 2.1.8) and MPC-89 
(see Table 2.1.9) are summarized in Table 4.1.1. The maximum peak cladding temperature 
results are calculated and reported in Table 4.1.2. The results demonstrate that MPC-37 with the 
short fuel under Heat Load Chart 1 produces the highest PCT and it is therefore designated as the 
governing thermal scenario.  
 
It is noted that the MPCs in Docket # 72-1014 are smaller in diameter and are certified to lower 
DBHLs. Nevertheless, the hottest MPC from the HI-STORM 100 docket also warrants analysis 
because the stainless steel fuel baskets in it are less conductive than their counterparts in the HI-
STORM FW docket (that contain METAMIC-HT fuel baskets). As noted in the HI-STORM 100 
FSAR, MPC-32 under X=3* regionalized loading scenario (see Section 2.1.10) results in the 
highest PCT. Therefore it is the governing case among all MPCs in the HI-STORM 100 docket 
[4.1.1] and therefore is also selected as a candidate  MPC type (with regionalized loading 
scenario X=3) for thermal analysis in HI-STORM UMAX. The case of X=0.5 (see Sub-Section 
2.1.10), which is the other limit of regionalization ratio, is also included for completeness. 
 
All the thermal scenarios for MPC-37 and MPC-89 are defined in Table 4.1.1. The limiting 
thermal scenario for an MPC-32 is defined based on the information in its existing host docket 
and summarized in Table 4.1.1. The thermal problem is then analyzed using the solution 
methodology approved in [4.1.1] and [4.1.2]. The temperatures presented in Tables 4.1.2 show 
                                                 
* X is defined in the HI-STORM 100 FSAR [4.1.1] as the ratio of maximum permissible storage per cell heat load in 

the inner and outer regions. 
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that the ISG-11 Rev 3 limits are satisfied with comfortable margins. 
 
The maximum peak cladding temperature results for MPC-37, MPC-89 and MPC-32, reported in 
Table 4.1.2, show that MPC-37 with short fuel under Heat Load Chart 1 produces the highest 
PCT. Therefore, MPC-37 with short fuel under Heat Load Chart 1 fulfills the criterion for 
designation as the governing thermal configuration. This governing thermal configuration is used 
to perform the thermal safety analyses that are reported in the subsequent sections in this chapter.  
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Table 4.1.1 
 

 CANDIDATE GOVERNING CANISTERS & HEAT LOAD CASES STORAGE  IN THE  
HI-STORM UMAX SYSTEM 

Item MPC-37  
(Docket 72-1032) 

MPC-89  
(Docket 72-1032) 

MPC-32Note 1 
(Docket 72-1014) 

MPC Decay Heat Table 2.1.8Note 2 Table 2.1.9Note 2 30.17 kW @X=3 
36.9 kW @X=0.5 

MPC Minimum Backfill 
Pressure Table 4.4.6 Table 4.4.6 Table 4.4.6 

MPC Maximum Backfill 
Pressure Table 4.4.6 Table 4.4.6 Table 4.4.6 

Normal Ambient 
Temperature Table 2.3.6 Table 2.3.6 Table 2.3.6 

Temperature of the 
Subgrade Supporting the 
Support Foundation Pad 

Table 2.3.6 Table 2.3.6 Table 2.3.6 

MPC External 
DiameterNote 3 

75-3/4” 75-3/4” 68-3/8” 

Divider Shell Inner 
DiameterNote 3 

86” 86” 86” 

Insulation Thickness 2-3/4” 2-3/4” 2-3/4” 
Inner Diameter of 
Container ShellNote 3 

100” 100” 100” 

Note 1: MPC-32 bounds MPC-68, 68M and MPC-24 as noted in HI-STORM 100 Docket 72-
1014.  
Note 2: All heat load charts for MPC-37 and MPC-89 provided in Section 2.1.9 are evaluated.  
Note 3: UMAX System may have an MPC with increased shell thickness with corresponding 
increased MPC external diameter and UMAX Divider and Container Shell inner diameters. 
Such systems are equivalent to or bounded by the existing thermal analysis for an MPC listed 
in this table. 
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Table 4.1.2 

 
PEAK CLADDING TEMPERATURE RESULTS FOR LONG-TERM 

NORMAL STORAGE  FOR MPC-32, MPC-37 AND MPC-89 IN  
HI-STORM UMAX SYSTEM** 

MPC Types Fuel Cladding Temperature 
oC (oF) 

MPC-37 
(Heat Load Chart 1) 

Short Fuel 367 (693)* 
Standard Fuel 357 (675) 
Long Fuel 351 (664) 

MPC-37 
(Heat Load Chart 2) 

Short Fuel 363 (685) 

Standard Fuel 355 (671) 

Long Fuel 346 (655) 

MPC-37 
(Heat Load Chart 3) 

Short Fuel 359 (678) 

Standard Fuel 364 (687) 

Long Fuel 353  (667) 

MPC-89 357 (675) 
MPC-32 (X=3) 366 (691) 
*  Based on the results in this table, MPC-37 with short fuel under Heat 

Load Chart 1 is selected as the governing thermal configuration and is 
used to perform all the licensing basis calculations for HI-STORM 
UMAX System. 

** The PCT results documented in this table are for normal storage 
conditions under quiescent (no wind) conditions. 
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4.2   SUMMARY OF THERMAL PROPERTIES OF MATERIALS 
 
The thermo-physical properties listed in the tables in this section are identical to those used in the 
HI-STORM FW FSAR [4.1.2] and in the HI-STORM 100 FSAR [4.1.1]. Materials present in the 
MPCs listed in Table 1.2.1 include Alloy X*, Metamic-HT, aluminum, and helium. Materials 
present in the HI-STORM UMAX storage overpack include carbon steel, stainless steel, 
insulation, and concrete (in the Closure Lid). In Table 4.2.1, a summary of references used to 
obtain cask material properties for performing all thermal analyses is presented. 
 
Tables 4.2.2 and 4.2.3 provide numerical thermal conductivity data of materials at several 
representative temperatures. Table 4.2.4 provides the data on emissivity. 
 
In Table 4.2.5, the heat capacity and density of the MPC, overpack and CSF materials are 
presented. These properties are used in performing transient (i.e., 32 hours inlet duct block and 
hypothetical fire accident condition) analyses. The temperature-dependent values of the 
viscosities of helium and air are provided in Table 4.2.6. 
 
To minimize heating of the air in the intake down flow passage, the overpack divider shell is 
thermally insulated. The density and specific heat of the insulation material are conservatively 
assumed to be the same as air. The upper bound insulation conductivity is specified in Table 
4.2.7.  
 
The properties listed in the tables in this section are consistent across all previously established 
HI-STORM dockets. 
 

  
 
  

                                                 
 
* Alloy X is defined in [4.1.1] to designate a group of stainless steel alloys permitted for use in the HI-STORM 
MPCs. In this chapter the terms Alloy X and stainless steel are used interchangeably. 
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Table 4.2.1 
 

SUMMARY OF HI-STORM UMAX SYSTEM MATERIALS 
THERMAL PROPERTY REFERENCES 

Material Emissivity Conductivity Density Heat Capacity 
Helium N/A Handbook 

[4.2.2] 
Ideal Gas Law Handbook 

[4.2.2] 
Air N/A Handbook 

[4.2.2] 
Ideal Gas Law Handbook 

[4.2.2] 
Zircaloy [4.2.3], [4.2.13], 

[4.2.14], [4.2.7] 
NUREG 
[4.2.13] 

Rust [4.2.4] Rust [4.2.4] 

UO2 Note 1 
 

NUREG 
[4.2.13] 

Rust [4.2.4] Rust [4.2.4] 

Stainless Steel 
(machined 

forgings)Note 2 

Kern [4.2.5] 
 

ASME [4.2.8] Marks’ [4.2.1] Marks’ [4.2.1] 

Stainless Steel 
PlatesNote 3 

ORNL 
[4.2.11], [4.2.12] 

ASME [4.2.8] Marks’ [4.2.1] Marks’ [4.2.1] 

Carbon Steel Kern [4.2.5] ASME [4.2.8] Marks’ [4.2.1] Marks’ [4.2.1] 
Concrete Incropera [4.2.9] 

 
Marks’ [4.2.1] Chapter 2 Handbook 

[4.2.2] 

Water Note 1 
 

ASME [4.2.10] ASME [4.2.10] ASME [4.2.10] 

Metamic-HT Test Data [4.2.6] Test Data [4.2.6] Test Data [4.2.6] Test Data [4.2.6] 
Insulation Table 4.2.7 Table 4.2.7 Table 4.2.7 Table 4.2.7 
Aluminum Test Data [4.2.6] ASM [4.2.15] ASM [4.2.15] ASM [4.2.15] 

Note 1: Emissivity not reported as radiation heat dissipation from these surfaces is 
conservatively neglected. 

Note 2: Used in the MPC lid. May be used as an optional material for CEC inlet plenum air-
intake flange. 
Note 3: Used in the MPC shell and baseplate. May be used as an optional material for some 
CEC components, as allowed by the licensing drawing in Section 1.5. 
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Table 4.2.2 

 
SUMMARY OF HI-STORM UMAX SYSTEM MATERIALS 

THERMAL CONDUCTIVITY DATA 
Material At 200°F 

(Btu/ft-hr-°F) 
At 450°F 

(Btu/ft-hr-°F) 
At 700°F 

(Btu/ft-hr-°F) 
At 1000oF 

(Btu/ft-hr-oF) 
Helium 0.0976 0.1289 0.1575 0.1890 

Air* 0.0173 0.0225 0.0272 0.0336 
Alloy X 8.4 9.8 11.0 12.4 

Carbon Steel 24.4 23.9 22.4 20.0 
Concrete** 1.05 1.05 1.05 1.05 

Water 0.392 0.368 N/A N/A 
Metamic-HT [PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE 

WITH 10 CFR 2.390] 
Aluminum** 69.3 69.3 69.3 69.3 

*  At lower temperatures, Air conductivity is between 0.0139 Btu/ft-hr-oF at 32oF and 
0.0176 Btu/ft-hr-oF at 212oF. 

**  Conservatively assumed to be constant for the entire range of temperatures. 
 

  

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001410

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-6, Page 66 of 301
(1439 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

4-11 
 

 
Table 4.2.3* 

 
SUMMARY OF FUEL ELEMENT COMPONENTS 

THERMAL CONDUCTIVITY DATA 
Zircaloy Cladding Fuel (UO2) 

Temperature (°F) Conductivity 
(Btu/ft-hr-°F) 

Temperature (°F) Conductivity 
(Btu/ft-hr-°F) 

392 8.28 100 3.48 
572 8.76 448 3.48 
752 9.60 570 3.24 
932 10.44 793 2.28 

 
  

                                                 
* See Table 4.2.1 for cited references. 
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Table 4.2.4 

 
SUMMARY OF MATERIALS SURFACE EMISSIVITY DATA* 

Material Emissivity 
Zircaloy 0.80 

Painted surfaces 0.85 
Stainless steel (machined 

forgings) 
0.36 

Stainless Steel Plates  0.587** 
Carbon Steel 0.66 

Concrete 0.88** 
Metamic-HT*** [PROPRIETARY INFORMATION 

WITHHELD IN ACCORDANCE WITH 10 
CFR 2.390] 

Aluminum*** [PROPRIETARY INFORMATION 
WITHHELD IN ACCORDANCE WITH 10 
CFR 2.390] 

*     See Table 4.2.1 for cited references. 
**   Lower bound value from the cited references in Table 4.2.1. 
*** [PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE 

WITH 10 CFR 2.390] 
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Table 4.2.5 

 
DENSITY AND HEAT CAPACITY PROPERTIES SUMMARY* 

Material Density (lbm/ft3) Heat Capacity (Btu/lbm-oF) 
Helium (Ideal Gas Law) 1.24 

Air (Ideal Gas Law) 0.24 
Zircaloy 409 0.0728 

Fuel (UO2) 684 0.056 
Carbon steel 489 0.1 

Stainless steel 501 0.12 
Concrete  140** 0.156 

Water 62.4 0.999 
Metamic-HT [PROPRIETARY INFORMATION WITHHELD IN 

ACCORDANCE WITH 10 CFR 2.390] 
Aluminum 177.3 0.207 

*  See Table 4.2.1 for cited references. 
** Conservatively understated value used for the Closure Lid concrete only. 
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Table 4.2.6 

 
GASES VISCOSITY* VARIATION WITH TEMPERATURE 

Temperature 
(oF) 

Helium Viscosity 
(Micropoise) 

Temperature     
(oF) 

Air Viscosity 
(Micropoise) 

167.4 220.5 32.0 172.0 
200.3 228.2 70.5 182.4 
297.4 250.6 260.3 229.4 
346.9 261.8 338.4 246.3 
463.0 288.7 567.1 293.0 
537.8 299.8 701.6 316.7 
737.6 338.8 1078.2 377.6 
921.2 373.0 - - 
1126.4 409.3 - - 

 * See Table 4.2.1 for applicable reference. 
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Table 4.2.7 
 

THERMAL PROPERTIES OF INSULATION  

Density, kg/m3 1.2 Note 2 

Heat Capacity, J/kg-K 1004 Note 2 

Thermal Conductivity, W/m-K 0.072 Note 1 

Surface Emissivity 0.3 Note 2 

Note 1: Important to Safety property (see Section 4.2). 
Note 2: NITS properties. 
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4.3  SPECIFICATIONS FOR COMPONENTS 
 
Permissible temperatures for the HI-STORM UMAX system materials and components 
designated as “Important to Safety” (i.e., required to be maintained within their safe operating 
temperature ranges to ensure their intended function) are summarized in Table 2.3.7. Long-term 
integrity of SNF is ensured by the HI-STORM UMAX system thermal evaluation which 
demonstrates that fuel cladding temperatures are maintained below design basis limits.  
 
Compliance to 10CFR72 requires, in part, identification and evaluation of short-term, off-normal 
and hypothetical accident conditions. The inherent mechanical characteristics of cask materials 
and components ensure that no significant functional degradation is possible due to exposure to 
short-term temperature excursions outside the normal long-term temperature limits. Fuel 
temperature limits specified in ISG-11 [4.0.2] are compiled in Table 2.3.7 for evaluation of 
cladding integrity under normal, short term operations, off-normal, and accident conditions.  
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4.4   THERMAL EVALUATION FOR NORMAL CONDITIONS OF 
STORAGE 

 
The HI-STORM UMAX System thermal evaluation is performed in accordance with the 
guidelines of NUREG-1536 [4.0.1] and ISG-11 [4.0.2]. Table 1.2.1 lists the canister types and 
their host dockets where their thermal qualifications are performed. The candidate canisters and 
the heat load charts are identified and summarized in Table 4.1.1. These candidate thermal 
configurations, as mentioned in Section 4.1, are analyzed using the FLUENT model described 
below to identify the “governing thermal configuration”, defined as the one that yields the 
highest PCT. 
 
4.4.1 FLUENT Thermal Model  
 
The thermal analysis model for the HI-STORM UMAX system utilizes the MPC models for 
MPC-37 and MPC-89 described in reference [4.1.2] and that for MPC-32 described in [4.1.1]. 
The effective properties of the fuel storage cells used in the thermal analysis of MPC-37 and 
MPC-89 in the HI-STORM UMAX System are conservatively 10% lower than those reported in 
the HI-STORM FW FSAR [4.1.2]. A geometrically accurate 3D thermal model of the HI-
STORM UMAX VVM is constructed in the manner of HI-STORM 100U in Docket number 72-
1014 for analysis. The VVM closure lid, inlet and outlet duct, the inner and outer annulus, the U-
turn and the air plenum above the MPC are explicitly modeled. 
 
The airflow through the cooling passages of the VVM is modeled [PROPRIETARY 
INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390] recommended in 
the Holtec-proprietary benchmarking report [4.4.1]. This is the same modeling approach as used 
in docket numbers 72-1014 and 72-1032. The underside of the VVM Support Foundation Pad is 
assumed to be supported on a subgrade at an isothermal surface temperature (see Table 4.1.1). 
The VVM thermal models are constructed using the same modeling platform used for 
aboveground analysis (FLUENT version 6.3). 
 
[ 
 
 
 
 
PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390 
 
 
 
 
 
 
 

] 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001417

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-6, Page 73 of 301
(1446 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

4-18 
 

 
[ 
 
 
 
PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390 
 
 
 
 
 
 

 
] 

 
4.4.2 Grid Sensitivity Studies 
 
To insure fully converged CFD results, a grid sensitivity study was performed. [      
 
PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390 
]. 
 
A number of grids were generated to study the effect of mesh refinement on the component 
temperatures. All sensitivity analyses were carried out for the case of MPC-37 with short fuel 
under Heat Load Chart 1, which is determined to be the governing thermal configuration in 
Section 4.1. Table 4.4.1 gives a brief summary of the different sets of grids evaluated and PCT 
results.  
 
Table 4.4.1 shows that Mesh 3 and Mesh 5 report essentially the same results. Therefore it can be 
concluded that Mesh 3 is reasonably converged [4.4.7]. To provide further assurance of 
convergence, the uncertainty of CFD result was  evaluated in accordance with the ASME V&V 
20-2009 for control of numerical accuracy [4.4.2]. The Grid Convergence Index (GCI), which is 
a measure of the solution uncertainty, is computed to be 1.068% for Meshes 1, 3 and 5. This 
provides further assurance of grid convergence.  
 
[ 
 
PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390 
 

] 
 
It is noted that Mesh 3 (moderate mesh size) yields a slightly higher PCT than Mesh 5 (largest 
mesh size). Considering the computational cost and available PCT margin, the Mesh 
configuration 3 was conservatively used in all thermal analyses reported herein. 
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4.4.3 Test Model 
 
The HI-STORM UMAX thermal analysis is performed on the FLUENT [4.4.3] Computational 
Fluid Dynamics (CFD) program. To ensure a high degree of confidence in the HI-STORM 
UMAX thermal evaluations, the FLUENT code has been benchmarked using data from tests 
conducted with casks loaded with irradiated SNF ([4.4.4], [4.4.6]). The benchmark work is 
archived in QA validated Holtec reports ([4.4.1], [4.4.5]). These evaluations show that the 
FLUENT solutions are conservative in all cases. In view of these considerations, additional 
experimental verification of the thermal design is not necessary. Furthermore, FLUENT has been 
relied to secured certification in all Holtec International Part 71 and Part 72 dockets.  
 
4.4.4 Maximum and Minimum Temperatures 
 
i. Maximum Temperatures 
 
A comprehensive set of thermal analyses of all candidate “thermal configurations” (meaning the 
combination of canister type, regionalized loading pattern and fuel type that may produce highest 
fuel cladding temperature) were performed using the FLUENT model described in Section 4.4.1 
to quantify their thermal margins under long term storage conditions. Thermal analyses of the 
following cases are performed: 

A. MPC-37 with short, standard and long fuel and MPC-89 under conditions described in 
Table 4.1.1*.  

B. Docket # 72-1014: MPC-32 under two extreme regionalized loading scenarios (X=0.5 
and X=3) described in Table 4.1.1. 

 
The maximum spatial values of the computed temperatures of the fuel cladding, the fuel basket 
material, the divider shell, the closure lid concrete, the MPC lid, the MPC shell and the average 
air outlet for all cases are summarized in Table 4.4.2. It can be seen that the governing case is 
that of MPC-37 with short fuel under heat load chart 1.  
 
The following conclusions are reached from the solution data: 

a. The PCT is below the temperature limit set forth in NUREG-1536 [4.0.1] and ISG-11 
[4.0.2]. 

b. The maximum temperatures of all MPC and VVM constituent parts are below their 
respective limits set down in Table 2.3.7. 
 

It is therefore concluded that the HI-STORM UMAX system provides a thermally acceptable 
storage environment for the eligible MPCs listed in Table 1.2.1 and that the governing thermal 

                                                 
* Design basis heat load scenario bounds sub-design basis and threshold heat load scenarios defined in Tables 4.4.3, 
4.4.4 and 4.4.5 (See Section 4.4.5).  
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configuration corresponds to the case of MPC-37 with short fuel (Heat Load Chart 1): All other 
thermal configurations yield a lower PCT result. 
 
ii. Minimum Temperatures 
 
In Table 2.3.6 of this report, the minimum ambient temperature condition for the HI-STORM 
UMAX storage overpack and MPC is specified to be -40 deg. F. If, conservatively, a zero decay 
heat load with no solar input is applied to the stored fuel assemblies, then every component of 
the system at steady state would be at a temperature of -40 deg. F. Low service temperature (-
40oF) evaluation of the HI-STORM UMAX is provided in Chapter  8. All HI-STORM UMAX 
storage overpack and MPC materials of construction will satisfactorily perform their intended 
function in the storage mode under this minimum temperature condition. 
 
4.4.5 Maximum Internal Pressure in the MPC 
 
The MPC is initially filled with dry helium after fuel loading and drying prior to installing the 
MPC closure ring. In the MPC host docket (72-1014), the different helium backfill pressure 
specifications are allowed according to the different CoC amendments. For each type of MPC in 
Docket 72-1014, the specification of helium backfill pressure for HI-STORM UMAX System 
envelop all allowed specifications defined in the MPC host docket. The helium backfill pressure 
for the MPCs authorized to be stored in HI-STORM UMAX are presented in Table 4.4.6.  
 
To provide additional helium backfill range for less than design basis heat load, the following 
Sub-Design-Basis (SDB) heat load scenarios are allowed for MPC-37 and MPC-89: 
  
(i) MPC-37 under 90% of Heat Load Chart 1 (see Table 4.4.3) 
(ii) MPC-89 under 90% of Design Heat Load (see Table 4.4.4) 
(iii) MPC-37 under threshold heat load (see Table 4.4.5) 
(iv) MPC-89 under threshold heat load (see Table 4.4.5) 
 
The storage cell and MPC heat load limits under the 90% of Design Heat Load scenarios 
mentioned above are obtained by multiplying 0.9 to the individual storage cell of design heat 
load, and reported in Tables 4.4.3 and 4.4.4. The storage cell and MPC heat load limits under the 
threshold heat load scenario in the HI-STORM UMAX are provided in Table 4.4.5. 
 
The helium backfill pressure limits supporting these scenarios are summarized in Table 4.4.6. 
These backfill limits maybe optionally adopted by a cask user if the decay heats of the loaded 
fuel assemblies meet the SDB decay heat limits stipulated above. 
 
The heat load of SDB scenarios (i) thru (iv) are bounded by the Design Heat Load scenarios. 
However, since the helium backfill specifications for SDB scenarios are different from the 
design basis heat load scenarios, confirmatory analysis under UMAX storage are required. 
Considering that MPC-37 loaded with short fuel yields the highest temperatures, explicit 
calculations under threshold heat load and 90% of design basis heat load are performed. The 
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principal results are reported in Table 4.4.10. The results comply with the temperature and 
pressure limit Tables 2.3.7 and 2.3.5. The results support the conclusion that threshold heat load 
and SDB scenarios are bounded by Chart 1 Design Heat Load scenario. 
 
During normal storage, the gas temperature within the MPC rises to its maximum operating basis 
temperature. The gas pressure inside the MPC will also increase with rising temperature. The 
pressure rise is determined using the ideal gas law. The MPC gas pressure is also subject to 
substantial pressure rise under hypothetical rupture of fuel rods and large gas inventory non-fuel 
hardware (PWR BPRAs).  
 
The MPC maximum gas pressure is computed for a postulated release of fission product gases 
from fuel rods into this free space. For these scenarios, the amounts of each of the release gas 
constituents in the MPC cavity are summed and the resulting total pressures determined from the 
ideal gas law. A concomitant effect of rod ruptures is the increased pressure and molecular 
weight of the cavity gases with enhanced rate of heat dissipation by internal helium convection 
and lower cavity temperatures. As these effects are substantial under large rod ruptures the 100% 
rod rupture accident is evaluated with due credit for increased heat dissipation under increased 
pressure and molecular weight of the cavity gases. Based on fission gases release fractions 
(NUREG 1536 criteria [4.0.1]), rods’ net free volume and initial fill gas pressure, the maximum 
gas pressures with 1% (normal), 10% (off-normal) and 100% (accident condition) rod rupture are 
given in Table 4.4.7 for all thermal scenarios analyzed in Section 4.4.4. The maximum calculated 
gas pressures reported in Table 4.4.7 are all below the MPC internal design pressures for normal, 
off-normal and accident conditions specified in Table 2.3.5. 
  
 
4.4.6 Engineered Clearances to Eliminate Thermal Interferences 
 
Thermal stress in a structural component is the resultant sum of two factors, namely: (i) restraint 
of free end expansion and (ii) non-uniform temperature distribution. To minimize thermal 
stresses in load bearing members, the HI-STORM UMAX system is engineered with adequate 
gaps to permit free thermal expansion of the fuel basket and MPC in axial and radial directions. 
In this subsection, differential thermal expansion calculations are performed for the governing 
thermal configuration, i.e. MPC-37 with short fuel under Heat Load Chart 1, to demonstrate that 
engineered gaps in the HI-STORM UMAX System are adequate to accommodate thermal 
expansion of the fuel basket and MPC. 
 
The following gaps are evaluated: 
 

a. Fuel Basket-to-MPC Radial Gap 
b. Fuel Basket-to-MPC Axial Gap 
c. MPC-to-Divider Shell Radial Growth 
d. MPC-to-VVM Closure Lid Axial Growth 
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The FLUENT thermal model provides the 3-D temperature field in the HI-STORM UMAX 
system from which the changes in the above gaps are directly computed. Table 4.4.8 provides the 
nominal gaps and their corresponding value during long-term storage conditions. Significant 
margins against restraint to free-end expansion are indicated by the data in Table 4.4.8. 
 
4.4.7 Effect of Elevation 
 
The reduced ambient pressure at site elevations significantly above the sea level will act to 
reduce the ventilation air mass flow, resulting in a net elevation of the peak cladding 
temperature. However, the ambient temperature (i.e., temperature of the feed air entering the 
overpack) also drops with the increase in elevation. Because the peak cladding temperature also 
depends on the feed air temperature (the effect is one-for-one within a small range, i.e., 1°F drop 
in the feed air temperature results in ~1°F drop in the peak cladding temperature), the adverse 
ambient pressure effect of increased elevation is partially offset by the ambient air temperature 
decrease. The table below illustrates the variation of air pressure and corresponding ambient 
temperature as a function of elevation. 
 

Elevation (ft) Pressure (psia) Ambient Temperature Reduction 
versus Sea Level 

Sea Level (0) 14.70 0oF 
2000 13.66 7.1oF 
4000 12.69 14.3oF 

 
A survey of the elevation of nuclear plants in the U.S. shows that nuclear plants are situated near 
about sea level or elevated slightly (~1000 ft). The effect of the elevation on peak fuel cladding 
temperatures is evaluated by performing calculations for a HI-STORM UMAX system situated 
at an elevation of 1500 feet. At this elevation the ambient temperature would decrease by 
approximately 5oF (See Table above). The peak cladding temperatures are calculated under the 
reduced ambient temperature and pressure at 1500 feet elevation for the MPC-37 with the short 
fuel under heat load chart 1. The results are presented in Table 4.4.9.  
 
These results show that the PCT, including the effects of site elevation, continues to be well 
below the regulatory cladding temperature limit of 752oF. In light of the above evaluation, it is 
not necessary to place ISFSI elevation constraints for HI-STORM UMAX deployment at 
elevations up to 1500 feet. If, however, an ISFSI is sited at an elevation greater than 1500 feet, 
the effect of altitude on the PCT shall be quantified as part of the 10 CFR 72.212 evaluation for 
the site using the site ambient conditions. 
 
4.4.8 Burnup Effects on Thermal Performance of HI-STORM UMAX System 
 
[PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 
2.390] 
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[PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 
2.390] Thermal conductivities of fresh UO2 were used to determine the effective thermal 
properties of the fuel storage cells. However, it is known that the thermal conductivity of the fuel 
pellet (UO2) will reduce with increasing burn-ups. The progressive buildup of fission products 
with increasing fuel burnup in the fuel pellets progressively reduces its thermal conductivity 
[4.4.9]. The effect of reduction in the fuel pellet thermal conductivity with fuel burnup and 
therefore, on the effective planar thermal conductivities of the rodded region is evaluated in 
[4.4.8]. [ 
 
PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390 
 
 

] 
 
For heat transfer in the axial direction, the thermal conductivity of the fuel storage cells is 
determined via an area weighted mean of the fuel cladding and helium conductivities. Axial 
conduction heat transfer in the fuel pellets is ignored per the guidance provided in NUREG-1536 
[4.0.1]. Therefore, a change in thermal conductivity of UO2 will have no effect on the axial (or 
longitudinal) thermal conductivity of the fuel storage cells.  
 
The effective properties of the fuel storage cells used in the thermal analysis of MPC-37 and 
MPC-89 in the HI-STORM UMAX System are conservatively 10% lower than that reported in 
HI-STORM FW FSAR [4.1.2]. Since the decrease in effective thermal conductivity of fuel due 
to high burnup effects is bounded by the values used in the licensing basis analysis, no further 
thermal evaluations of HI-STORM UMAX System are warranted. 
 
4.4.9 Evaluation of Sustained Wind 
 

[ 
 

 
 
 
 
 
PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390  
 

 
 
 

 
 
 

] 
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[ 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

] 
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[ 
 

 
 
 
 
 
 
 
 
 
 
PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390  
 
 

 
 
 
 

 
 

 
 
 

] 
 
4.4.10 Evaluation of System Performance for Normal Conditions of Storage 
 
The HI-STORM UMAX System thermal analysis is based on a detailed 3-D heat transfer model 
that conservatively accounts for all modes of heat transfer in the MPC and overpack. The thermal 
model incorporates conservative assumptions that render the computed temperature results for 
long-term storage to be conservative. The computed temperatures in “UMAX” under the 
governing thermal scenarios show that in each case: 
 

a. The peak cladding temperature is below the ISG-11 Rev 3 limit. 
b. The temperatures of structural members in the VVM, which are made of either carbon 

steel or stainless steel, is well below their allowable values set down in the Chapter 2 
(presented in Table 2.3.7). 

c. The temperature of shielding concrete mass and insulation (both non-structural members) 
are also well within their stipulated limits set forth  in Table 2.3.7 

 
The modest metal temperatures reached in “UMAX” insure that the components of the system 
will not suffer long term degradation from elevated temperature effects such as creep, alloy 
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phase transformation, recrystallization of the materials’ grain structure, and the like. Therefore, 
safety of long term storage from the thermal standpoint is assured. 
 
4.4.11 Effects of Optional Shielding  

To reduce the occupational dose during loading operation, an optional stainless steel ring can be 
implemented. The location and specification of shielding ring are given in the drawing package 
listed in Section 1.5. To study the effect of this optional shielding ring, MPC-37 with short fuel 
under heat load chart 1, is re-evaluated for normal long-term storage condition under quiescent 
conditions. The PCT, maximum component temperatures of MPC and HI-STORM UMAX 
VVM are reported in Table 4.4.18. The MPC cavity pressure is also reported in Table 4.4.12. 
These results comply with the temperature and pressure limits reported in Tables 2.3.7 and 2.3.5, 
respectively. Comparing Table 4.4.18 with the MPC-37 in Table 4.4.2 shows that the impact of 
this shielding ring is insignificant. 
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Table 4.4.1 
 

NORMAL LONG-TERM STORAGE TEMPERATURES FOR LIMITING MPC-37 
WITH SHORT FUEL (HEAT LOAD CHART 1) USING DIFFERENT MESHES 

Mesh No Total Cell 
Number 

PCT  
oC (oF ) 

Permissible 
PCT Limit  

oC (oF ) 

PCT Margin  
oC (oF )  

1  932,307 372 (702) 400 (752) 28 (50) 

3* 2,075,968 367 (693) 400 (752) 33 (59) 

5 4,724,915 364 (687) 400 (752) 36 (65) 

* Mesh 3 is reasonably converged and is adopted for all licensing basis calculation. 
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Table 4.4.2 
 

 NORMAL LONG-TERM STORAGE TEMPERATURES FOR CANDIDATE 
CANISTERS UNDER DESIGN BASIS HEAT LOADS 

Component 

MPC-37 with 
Short Fuel (Heat 

Load Chart 1) 
 

oC (oF) 

MPC-89 
Design Basis 
Heat Load 

  
oC (oF) 

MPC-32 
under Heat 

Load Pattern 
X=0.5 

 
oC (oF) 

MPC-32 
under Heat 

Load Pattern 
X=3 

 
oC (oF) 

Fuel Cladding 367 (693) 357 (675) 363 (685) 366 (691) 

MPC Basket 353 (667) 348 (658) 361 (682) 364 (687) 

Basket Periphery 286 (547) 287 (549) 302 (576) 274 (525) 

Aluminum Basket 
Shims 263 (505) 266 (511) - - 

MPC Shell 232 (450) 242 (468) 230 (446) 217 (423) 

MPC Lid* 238 (460) 247 (477) 246 (475) 241 (466) 

Divider Shell 169 (336) 176 (349) 150 (302) 134 (273) 

Containment Shell 55 (131) 55 (131) 53 (127) 52 (126) 

Closure Lid 
Concrete† 104 (219) 107 (225) 97 (207) 89 (192) 

Insulation 169 (336) 176 (349) 150 (302) 134 (273) 

Average Air 
Outlet‡ 75 (167) 74 (165) 74 (165) 69 (156) 

 

  

                                                 
*  Maximum section average temperature reported. 
†  Maximum section average temperature reported. 
‡  Section average temperature on the cross section area of outlet duct below the outlet vent screen reported. 

Reported herein for the option of temperature measurement surveillance of outlet duct air temperature as 
set forth in the Technical Specifications. The bounding air outlet temperature of 160oF corresponding to 
MPC-37 with long fuel is specified in the Technical Specifications.  
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Table 4.4.3 
 

HI-STORM UMAX MPC-37 SUB-DESIGN BASIS HEAT LOAD DATA 

Sub-Design Heat 
Chart Type Type of Fuel Permissible Heat Load per 

Storage Cell 
Heat Load  

(kW) 

90% of Chart 1 

Short and 
Standard Fuel Figure 2.1.19 38.08Note 1 

Long Fuel Figure 2.1.20 40.21Note 2 

Note 1: Thermal evaluations were performed for the heat load tabulated herein. However, the 
CoC restricts the aggregate heat load to 34.28 kW.  
 
Note 2: Thermal evaluations were performed for the heat load tabulated herein. However, the 
CoC restricts the aggregate heat load to 36.19 kW. 
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Table 4.4.4 

 
HI-STORM UMAX MPC-89 SUB-DESIGN BASIS HEAT LOAD DATA  

Sub-Design Heat Chart 
Type 

Permissible Heat Load per 
Storage Cell 

Heat Load 
(kW) 

90% of Design Basis Heat 
Load Figure 2.1.23 40.8Note1 

Note 1: Thermal evaluations were performed for the heat load tabulated herein. 
However, the CoC restricts the aggregate heat load to 36.72 kW. 
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Table 4.4.5 
 

HI-STORM UMAX THRESHOLD HEAT LOAD DATANote 1 

MPC Type Permissible Heat Load per Storage Cell Heat Load 
(kW) 

MPC-37 Figure 2.1.21 33.46 

MPC-89 Figure 2.1.24 34.75 

Note 1: Vacuum drying operations are allowed for MPCs containing high burnup fuel 
assemblies only up to the threshold heat load tabulated herein. 
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Table 4.4.6 

 
MPC HELIUM BACKFILL SPECIFICATIONS* 

MPC Type Helium Backfill Pressure Option Specification†, psig 

MPC-37 

1 > 41.0 and < 44.2 

2 > 41.0 and < 44.5 

3 > 39.0 and < 46.0 

MPC-89 
1 > 42.0 and < 45.2 

2 > 39.0 and < 46.0 

MPC-32 > 43.7 and < 48.5 

MPC-24/24E/24EF > 42.5 and < 48.5 

MPC-68/68F/68FF/ 68M > 43.5 and < 48.5 

Note: The permissible aggregate heat loads and per cell storage limits MPC-37 and MPC-89 
for each helium backfill pressure option are provided in Table 2.1.8. 

 
  

                                                 
* The helium backfill specification for each MPC in Docket 72-1014 envelops the helium backfill specification 

defined in its host docket.   
† Specification at a reference temperature of 21.1oC (70oF). 
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Table 4.4.7 
 

SUMMARY OF MPC INTERNAL PRESSURES UNDER THE LIMITING THERMAL 
SCENARIOS FOR LONG-TERM STORAGE (QUIESCENT CONDITIONS)* 

Condition 

MPC-37 with 
Short Fuel 
(Heat Load 

Chart 1) 
 

(psig) 

MPC-89 
Design Basis 
Heat Load 

 
 

(psig) 

MPC-32 
under Heat 

Load Pattern 
X=0.5 

 
(psig) 

MPC-32 
under Heat 

Load Pattern 
X=3 

 
(psig) 

Normal: 
 intact rods 
 1% rods rupture 

94.0 
95.1 

94.6 
95.2 

96.6 
97.6 

89.9 
90.8 

Off-Normal (10% rods 
rupture) 104.9 100.3 106.3 99.0 

Accident (100% rods 
rupture)  189.6 151.4 193.7 181.1 

* Per NUREG-1536, pressure analyses with ruptured fuel rods (including BPRA rods for 
PWR fuel) is performed with release of 100% of the ruptured fuel rod fill gas and 30% of 
the significant radioactive gaseous fission products. 
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Table 4.4.8 

 
SUMMARY OF HI-STORM UMAX DIFFERENTIAL THERMAL EXPANSIONS 

FOR LIMITING MPC-37 WITH SHORT FUEL (HEAT LOAD CHART 1) 

Gap Description Cold Gap U  
(in) 

Differential 
Expansion δi (in) 

Is Free Expansion 
Criterion Satisfied 

(i.e., U > δi) 
Fuel Basket-to-MPC 

Radial Gap 0.125 0.121 Yes 

Fuel Basket-to-MPC 
Axial Gap 1.5 0.443 Yes 

MPC-to-Divide Shell 
Radial Gap 0.25 0.147 Yes 

MPC-to-Closure  
Lid Axial Gap 

23.5 0.504 Yes 
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Table 4.4.9 
 

 NORMAL LONG-TERM STORAGE TEMPERATURES FOR 
LIMITING MPC-37 WITH SHORT FUEL (UNDER HEAT LOAD 

CHART 1) AT AN ELEVATED SITE 

Component Temperature 
oC (oF) 

Fuel Cladding 368 (694) 

MPC Basket 354 (669) 

Basket Periphery 287 (549) 

Aluminum Basket Shims 265 (509) 

MPC Shell 234 (453) 

MPC Lid* 242 (468) 

Divider Shell 171 (340) 

Containment Shell 53 (127) 

Closure Lid Concrete† 104 (219) 

Insulation 171 (340) 

Average Air Outlet‡ 75 (167) 

 
  

                                                 
*  Maximum section average temperature reported. 
†  Maximum section average temperature reported. 
‡  Section average temperature on the cross section area of outlet duct below the outlet vent screen reported. 

Reported herein for the option of temperature measurement surveillance of outlet duct air temperature as 
set forth in the Technical Specifications  
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Table 4.4.10 

 
 NORMAL LONG-TERM STORAGE TEMPERATURES AND PRESSURE FOR MPC-

37 WITH SHORT FUEL UNDER SUBDESIGN HEAT LOADS 

Component 
90% of Chart 1 
Temperature 

oC (oF) 

Threshold Heat Load 
Temperature 

oC (oF) 

Fuel Cladding 346 (655) 304 (579) 

MPC Basket 332 (630) 291 (556) 

Basket Periphery 267 (513) 242 (468) 

Aluminum Basket Shims 246 (475) 224 (435) 

MPC Shell 217 (423) 199 (390) 

MPC Lid* 223 (433) 199 (390) 

Divider Shell 157 (315) 142 (288) 

Containment Shell 54 (129) 52 (126) 

Closure Lid Concrete† 98 (208) 90 (194) 

Insulation 157 (315) 143 (289) 

MPC Cavity Pressure (psig)  

Normal Condition – No Rods Rupture 94.0 89.3 

 
  

                                                 
*  Maximum section average temperature reported. 
†  Maximum section average temperature reported. 
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Table 4.4.11 
 

 DELETED  
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Table 4.4.12 

EFFECT OF WIND ON PEAK CLADDING TEMPERATURE - 
A SINGLE HI-STORM UMAX SYSTEM SIMULATED 

Wind Speed Fuel Cladding Temperature 
oC (oF) 

0 MPH 367 (693)* 

2 MPH 371 (700) 

5 MPH 377 (711) 

7 MPH 378 (712) 

8 MPH 379 (714) 

9 MPH 379 (714) 

10 MPH 377 (711) 

12 MPH 378 (712) 

15 MPH 376 (709) 

17 MPH 373 (703) 

20 MPH 369 (696) 

 

 

 

  

                                                 
* Reproduced from Table 4.4.2 for the quarter symmetric model. 
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Table 4.4.13 

EFFECT OF WIND ON AIR INLET TEMPERATURES OF HI-STORM UMAX 
SYSTEMS STORED IN AN ISFSI ARRAY 

 
Air Inlet Temperature Note 1, oF 

0 MPH Note 2 2 MPH 5 MPH 7 MPH 10 MPH 

Module 1Note 3 82 84 84 84 84 

Module 2 82 83 85 86 86 

Module 3 82 85 86 86 88 

Module 4 82 90 86 89 90 

Module 5 82 93 88 89 91 

Module 6 82 91 89 89 92 

Module 7 82 91 93 90 92 

Module 8 82 90 90 87 89 

Note 1: Air inlet temperature reported in this table is the mass-average temperature 
calculated in the cross-section surface of inlet pipe immediate below the inlet 
vent screen.  

Note 2:  Reference from the quarter symmetric model described in Section 4.4.4.  
Note 3: The series of module is numbered in the sequence as the wind direction, i.e. 

Module 1 is the front module facing the wind inlet. 
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Table 4.4.14 

EFFECT OF WIND ON AIR MASS FLOW RATE THROUGH HI-STORM 
UMAX SYSTEM STORED IN AN ISFSI ARRAY 

 
Air Mass Flow Rate*, kg/s 

0 MPH 2 MPH 5 MPH 7 MPH 10 MPH 

Module 1† 0.801 0.751 0.646 0.622 0.614 

Module 2 0.801 0.780 0.790 0.762 0.732 

Module 3 0.801 0.771 0.758 0.756 0.742 

Module 4 0.801 0.764 0.752 0.744 0.746 

Module 5 0.801 0.748 0.744 0.758 0.748 

Module 6 0.801 0.698 0.746 0.742 0.734 

Module 7 0.801 0.726 0.746 0.742 0.746 

Module 8 0.801 0.734 0.704 0.750 0.736 

 

  

                                                 
*   Air inlet mass flow rate reported in this table is calculated in the cross-section surface of inlet pipe 

immediate below the inlet vent screen. 
†  The series of module is numbered in the sequence as the wind direction, i.e. Module 1 is the front module 

facing the wind inlet. 
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Table 4.4.15 

MAXIMUM HI-STORM UMAX STEADY STATE 
STORAGE TEMPERATURES UNDER WIND 

CONDITION 

Component Temperature 
oC (oF) 

Fuel Cladding 386 (727) 

MPC Basket 372 (702) 

Basket Periphery 302 (576) 

Aluminum Basket Shims 279 (534) 

MPC Shell 247 (477) 

MPC Lid* 250 (482) 

Divider Shell 188 (370) 

Containment Shell 62 (144) 

Closure Lid Concrete† 120 (248) 

Insulation 188 (370) 

 
 
 

Table 4.4.16 

EFFECT OF WIND DIRECTION ON MAXIMUM HI-STORM 
UMAX STEADY STATE STORAGE TEMPERATURES  

Item PCT, oC (oF) 

Parallel Flow 378 (712) 

Oblique Flow 381 (718) 
 

  

                                                 
*  Maximum section average temperature reported. 
†  Maximum section average temperature reported 
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Table 4.4.17 
 

SUMMARY OF MPC INTERNAL PRESSURES FOR THE LIMITING THERMAL 
SCENARIO (MPC-37 WITH SHORT FUEL UNDER HEAT LOAD CHART 1) 

UNDER WORST SCENARIO WIND CONDITION 

Condition* Gauge Pressure 
(psig) 

Normal: 
 intact rods 
 1% rods rupture 

98.6 
99.7 

Off-Normal (10% rods rupture) 110.0 

Accident (100% rods rupture)  198.9 

* Per NUREG-1536, pressure analyses with ruptured fuel rods (including BPRA rods for 
PWR fuel) is performed with release of 100% of the ruptured fuel rod fill gas and 30% 
of the significant radioactive gaseous fission products. 
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Table 4.4.18 

 NORMAL LONG-TERM STORAGE TEMPERATURES AND PRESSURE  
WITH OPTIONAL SHIELDING RING  

FOR MPC-37 WITH SHORT FUEL UNDER HEAT LOAD CHART 1 
 

Component Temperature 
oC (oF) 

Fuel Cladding 368 (694) 

MPC Basket 354 (669) 

Basket Periphery 285 (545) 

Aluminum Basket Shims 263 (505) 

MPC Shell 232 (450) 

MPC Lid* 229 (444) 

Divider Shell 170 (338) 

Containment Shell  54 (129) 

Closure Lid Concrete†  98 (208) 

Insulation 170 (338) 

MPC Cavity Pressure (psig) 

Normal Condition – No Rods 
Rupture 

94.1 

 

  

                                                 
*  Maximum section average temperature reported. 
†  Maximum section average temperature reported. 
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Figure 4.4.1: Schematic of the Analysis Condition - HI-STORM UMAX Full Model (Oblique 
Flow) 
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4.5  SHORT-TERM OPERATIONS 
 
Short-Term Operations are those activities that are required to load and package the fuel in  a 
waste package (i.e., a multi- purpose canister ) and to place it in long term storage at an ISFSI. In 
the regulatory literature, all activities that originate in the plant's spent fuel pool and culminate in 
the MPC emplaced on the ISFSI pad in a passive storage mode or vice-verse from ISFSI to pool 
under the unlikely scenario requiring fuel unloading are collectively referred to as Short Term 
Operations. These include operations that occur inside the part 50 facility such as dewatering, 
drying, and backfilling the canister, establishing the confinement boundary by welding the lid 
and the Closure Ring and those that occur outside of it, namely  transporting the canister to the 
ISFSI and transferring the MPC to the storage module. All of the short term operations have one 
common feature: They all involve the transfer cask. In fact, the beginning and end of Short Term 
Operations can be identified by the moment the fuel enters the MPC inside HI-TRAC to the time 
when the MPC is delivered to the storage module. The qualification of Short Term Operations, 
therefore, is integral to the certification of the transfer cask. This FSAR envisages using MPCs 
and their associated transfer casks certified in the HI-STORM FW FSAR [4.1.2]. The transfer 
operation of MPC-37 and MPC-89 in HI-TRAV VW is evaluated in the following. 

 
The operational steps that occur during MPC transfer operations include the Mating Device 
installed and the drawer closed. As explained below this operational step must be performed in 
an expeditious manner to avoid excessive heating of the MPC and fuel (See Section 9.2).  As the 
Mating Device in the closed drawer position blocks air flow it must be opened to establish air 
cooling. In the event of equipment malfunction that results in the blockage of air flow, corrective 
actions must occur within the time limits of the 100% blocked duct accident condition evaluated 
in Section 4.6. During MPC transfer operation from HI-TRAC to the UMAX (or reverse 
operation to support fuel unloading), air flow through the VVM cavity will be completely 
stopped under a complete closure of the Mating Device drawer. This scenario is same as the all 
inlet duct blockage condition analyzed in Section 4.6.2.3. Therefore, the temperature rise of fuel 
with time under this event, as shown in Figure 4.6.1 is applicable to evaluation of the closed 
drawer event. The maximum allowable time duration to ensure temperature limits of limiting 
fuel (high burnup fuel) remain within short term limits is computed as 4 hours. The time limit 
computed herein is for an example case of design basis heat load and MPCs containing one or 
more high burnup fuel assemblies. Additional site-specific analysis may be performed to 
compute applicable time limits under less than design-basis loadings. 
 
4.5.1 Thermally Limiting Evolutions During Short-Term Operations 
 
Except for MPC-to-UMAX transfer operations evaluated in Section 4.5 herein thermally limiting 
evolutions under short-term operations defined in the HI-STORM FW FSAR Section 4.5.1 
[4.1.2] are incorporated by reference. 
  
4.5.2 HI-TRAC VW Thermal Model 
 
The HI-TRAC VW transfer cask is used to load and unload the HI-STORM UMAX concrete 
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storage overpack, including onsite transport of the MPCs from the loading facility to an ISFSI 
pad. The HI-TRAC VW 3-D thermal model is exactly the same as that used for evaluation of the 
thermal state of a loaded canister during all short-term operations defined in the HI-STORM FW 
FSAR Section 4.5.2 [4.1.2] except for the following enhancements: 
 

1. The emissivity of fuel basket and aluminum basket shims is based on the values 
tabulated in Table 4.2.4. 
 

The HI-TRAC VW thermal model is evaluated under the limiting scenario of fuel storage in the 
minimum height MPC-37 (See Section 4.4.1.5) and limiting Chart 1 heat load (See Section 
4.4.4) specified in Chapter 2. Results of on-site transfer analyses are provided in Subsection 
4.5.4. 
 
4.5.3 Maximum Time Limit During Wet Transfer Operations 
 
Time limits evaluated under wet transfer operations in the HI-STORM FW FSAR Section 4.5.3  
[4.1.2] are incorporated by reference. 
 
4.5.4 Analysis of Limiting Thermal States During Short-Term Operations 
 
4.5.4.1 Vacuum Drying 
 
Vacuum drying evaluations for MPC-37 is exactly the same as that in HI-STORM FW FSAR 
Section 4.5.4.1 except for the following major additional changes: 
 

1. Vacuum drying of MPCs containing high burnup fuel assemblies is permitted up to 
threshold heat loads defined in Table 4.4.5. 
 

2. A flattened axial heat generation distribution for PWR fuel assemblies shown in Table 
2.1.5 is replaced by a center biased power distribution defined in Table 4.5.1. The center 
biased power distribution is conservative and results in higher peak cladding 
temperatures. 

 
The results from the analysis performed for this condition, using the 3-D Fluent model, are 
provided in Table 4.5.2. The results provide a sufficiently comfortable cushion against the 400oC 
(752oF) limit. 
 
Vacuum drying evaluations for MPC-89 in the HI-STORM FW FSAR Section 4.5.4.1 [4.1.2] are 
incorporated by reference. 
 
4.5.4.2 Forced Helium Dehydration 
 
Forced Helium Dehydration in the HI-STORM FW FSAR Section 4.5.4.2 [4.1.2] are 
incorporated by reference. 
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4.5.4.3 Normal On-site Transfer 
 
An MPC-37 situated inside a HI-TRAC VW is evaluated under the limiting thermal scenario i.e. 
short fuel under heat load Chart 1. This scenario is analyzed using the same 3D FLUENT model 
of the HI-TRAC VW transfer cask in HI-STORM FW FSAR with due recognition of the 
changes discussed in Section 4.5.2 above. 
 
While the duration of onsite transport is generally short to preclude the MPC and HI-TRAC VW 
from reaching a steady-state, a conservative approach is adopted herein by assuming steady state 
maximum temperatures are reached. The principal objectives of the HI-TRAC VW analyses are 
to demonstrate: 
 

i) Cladding integrity 
ii) Confinement integrity 
iii) Neutron shield integrity 
 

The appropriate criteria are provided in Tables 2.3.5 (pressure limits) and 2.3.7 (temperature 
limits). 
 
The results of thermal analyses tabulated in Table 4.5.3 show that the cladding temperatures are 
below the ISG-11 temperature limits of High and Moderate Burnup Fuel (Table 2.3.7). Actual 
margins during HI-TRAC VW operations will be much larger due to the many conservative 
assumptions incorporated in the analysis. 
 
The predicted temperatures and MPC cavity pressure in Tables 4.5.3 are still bounded by the 
respective counterpart temperatures reported for normal on-site transfer in Section 4.5 of HI-
STORM FW FSAR [4.1.2]. Therefore, the accident conditions pertaining to HI-TRAC discussed 
in HI-STORM FW FSAR remain bounding as well and no additional analysis is warranted in 
this FSAR. 
 
 
4.5.5 Cask Cooldown and Reflood During Fuel Unloading Operation 
 
Cask cooldown and reflood evaluation in the HI-STORM FW FSAR Section 4.5.5 [4.1.2] is 
incorporated by reference. 
 
4.5.6 Maximum Internal Pressure 
 
After fuel loading and vacuum drying, but prior to installing the MPC closure ring, the MPC is 
initially filled with helium. During handling and on-site transfer operations in the HI-TRAC VW 
transfer cask, the gas temperature will correspond to the thermal conditions within the MPC 
analyzed in Section 4.5.4.3. Based on this analysis the MPC internal pressure is computed under 
the assumption of maximum helium backfill specified in Table 4.4.6 and confirmed to comply 
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with the short term operations pressure limit in Table 2.3.5. The results are tabulated in Table 
4.5.3. 
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TABLE 4.5.1 
 

NORMALIZED PWR DISTRIBUTION BASED ON A CENTER BIASED 
BURNUP PROFILE 

Interval Axial Distance From Bottom of Active Fuel 
(% of Active Fuel Length) 

Normalized 
Distribution 

1 0% to 4-1/6% 0.78 

2 4-1/6% to 8-1/3% 0.78 

3 8-1/3% to 16-2/3% 0.78 

4 16-2/3% to 33-1/3% 1.10 

5 33-1/3% to 50% 1.20 

6 50% to 66-2/3% 1.15 

7 66-2/3% to 83-1/3% 1.07 

8 83-1/3% to 91-2/3% 0.7 

9 91-2/3% to 95-5/6% 0.70 

10 95-5/6% to 100% 0.70 
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TABLE 4.5.2 
 

MAXIMUM COMPONENT TEMPEARTURES DURING VACUUM 
DRYING OPERATIONS OF MPC-37 AT THRESHOLD HEAT 

LOAD 

Component 

 
Temperature  

oC (oF) 
 

Fuel Cladding 383 (721) 

MPC Basket 367 (693) 

Basket Periphery 291 (550) 

Aluminum Basket Shims 233 (450) 

MPC Shell 142 (288) 

MPC Lid* 100 (212) 
  

                                                 
*  Maximum section average temperature is reported. 
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TABLE 4.5.3 

 
HI-TRAC VW TRANSFER CASK STEADY STATE MAXIMUM 
TEMPERATURES FOR MPC-37 WITH SHORT FUEL UNDER 

HEAT LOAD CHART 1 

Component Temperature 
oC (oF) 

Fuel Cladding 378 (712) 

MPC Basket 364 (687) 

Basket Periphery 291 (556) 

Aluminum Basket Shims 265 (509) 

MPC Shell 242 (468) 

MPC Lid* 233 (451) 

HI-TRAC Inner Shell 136 (277) 

HI-TRAC Top Flange 131 (268) 

HI-TRAC Bottom Flange 142 (288) 

HI-TRAC Radial Lead Gamma Shield 135 (275) 

Water Jacket outer Shell 128 (262) 

Water Jacket Bulk Water 127 (261) 

MPC Cavity Pressure (psig) 

No Rods Rupture 97.0 
 
 
 
 
 

 

                                                 
*     Maximum section average temperature is reported 
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4.6 OFF-NORMAL AND ACCIDENT EVENTS 
 
The safety evaluation of off-normal and accident conditions described in Section 2.5 is presented 
in this section. Thermal analysis of the HI-STORM UMAX System is performed for the 
“governing thermal configuration”, i.e. MPC-37 with short fuel under heat load Chart 1, 
identified by the analysis in Section 4.1. 
 
4.6.1 Off-Normal Events 
 
4.6.1.1  Off-Normal Environmental Temperature 
 
To evaluate the effect of off-normal weather conditions, an off-normal ambient temperature 
(Table 2.3.6) is postulated to persist for a sufficient duration to allow the HI-STORM UMAX 
system to reach steady state conditions. Because of the large mass of the HI-STORM UMAX 
system, with its corresponding large thermal inertia and the limited duration for the off-normal 
temperatures that arise in real life, this assumption is conservative. Starting from a baseline 
condition evaluated in Section 4.4 (normal ambient temperature and limiting fuel storage 
configuration) the temperatures of the HI-STORM UMAX system are conservatively assumed to 
be elevated by the difference between the off-normal and normal ambient temperatures. The HI-
STORM UMAX extreme ambient temperatures computed in this manner are reported in Table 
4.6.1. The co-incident MPC pressure is also computed (Table 4.6.5) and compared with the off-
normal design pressure (Table 2.3.5), which shows a positive safety margin. The results are 
confirmed to be below the corresponding limits in Chapter 2. 
 
4.6.1.2  Partial Blockage of Air Inlets 
 
The HI-STORM UMAX system is designed with debris screens installed on the inlet and outlet 
openings. These screens ensure the air passages are protected from entry and blockage by foreign 
objects. However, as required by the design criteria presented in Chapter 2, it is postulated that 
the HI-STORM UMAX air inlet vents are 50% blocked. The resulting decrease in flow area 
increases the flow resistance of the inlet ducts. The effect of the increased flow resistance on fuel 
temperature is analyzed assuming that steady state conditions have been reached for the 
“governing thermal configuration” established by a series of thermal analyses in Section 4.4 in 
the foregoing. The computed temperatures and pressures are reported in Tables 4.6.1 and 4.6.5 
respectively. The results are confirmed to be below the allowable limits for both internal pressure 
and temperature limits presented in Tables 2.3.5 and 2.3.7 respectively. 
 
4.6.1.3 Off-Normal Pressure 
 
This event is defined as a combination of (a) maximum helium backfill pressure permitted, (b) 
10% fuel rods rupture, (c) governing thermal configuration, and (d) normal ambient temperature 
defined in Table 2.3.6. The principal objective of the analysis is to demonstrate that the MPC 
off-normal design pressure (Table 2.3.5) is not exceeded. Table 4.4.7 provides the computed 
pressures for the off-normal event as defined above which show that all applicable pressure 
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limits are met with positive margins. 
 
4.6.1.4 FHD Malfunction 
 
FHD malfunction evaluated in the HI-STORM FW FSAR Section 4.6.1 [4.1.2] is incorporated 
by reference. 
 
 
4.6.2 Accident Events 

 
4.6.2.1  Fire Accident  
 
(a) HI-STORM UMAX Fire 
The Design Basis Fire event for HI-STORM UMAX, described in Section 2.5, is identical to that 
of  HI-STORM FW[4.1.2] and HI-STORM 100  [4.1.1]. The fire evaluation for limiting MPC-37 
with short fuel stored in HI-STORM UMAX is bounded by the analysis reported in the HI-
STORM FW FSAR [4.1.2], due to the following facts: 
 

• The initial PCT and component temperatures of MPC stored in HI-STORM UMAX 
system are lower than that of the same MPC in the HI-STORM FW system. 

• HI-STORM UMAX system has much lesser surface directly exposed to fire than that of 
above-ground system. 

 
Consequently, the conclusion that PCT and components’ temperatures and MPC pressure are 
below temperature and pressure limits for the Design Basis Fire event drawn in HI-STORM FW 
FSAR [4.1.2] will remain valid  for the HI-STORM UMAX system.  
 
(b) HI-TRAC VW Fire 
The thermal evaluation of normal on-site transfer in HI-TRAC VW discussed in Sub-Section 
4.5.4 is bounded by the normal on-site transfer evaluation of HI-TRAC VW in the HI-STORM 
FW FSAR Section 4.5.4 [4.1.2]. Therefore, HI-TRAC VW fire evaluated in the HI-STORM FW 
FSAR Section 4.6.2 [4.1.2] is incorporated by reference. 
 
 
 
4.6.2.2 Extreme Environmental Temperatures 
 
To evaluate the effect of extreme weather conditions, an extreme ambient temperature (Table 
2.3.6) is postulated to persist for a sufficient duration to allow the HI-STORM UMAX system to 
reach steady state conditions. Because of the large mass of the HI-STORM UMAX system, with 
its corresponding large thermal inertia and the limited duration for the extreme temperatures that 
arise in real life, this assumption is conservative. Starting from a baseline condition evaluated in 
Section 4.4 (normal ambient temperature and limiting fuel storage configuration) the 
temperatures of the HI-STORM UMAX system are conservatively assumed to be elevated by the 
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difference between the extreme and normal ambient temperatures. The HI-STORM UMAX 
extreme ambient temperatures computed in this manner are reported in Table 4.6.6. The co-
incident MPC pressure is also computed (Table 4.6.10) and compared with the accident design 
pressure (Table 2.3.5), which shows a positive safety margin. The results are confirmed to be 
below the corresponding limits in Chapter 2. 
 
4.6.2.3 100% Blockage of Air Inlets 
 
This event is defined as a postulated complete blockage of all inlet ducts for a specified duration. 
The immediate consequence of a complete blockage of the air inlets is that the normal circulation 
of air for cooling the MPC is interrupted. A small amount of heat will continue to be removed by 
localized air circulation patterns in the VVM annulus and outlet ducts, and the MPC will 
continue to dissipate heat to the relatively cooler subgrade. As the temperatures of the MPC and 
its contents rise, the rate of heat rejection will increase correspondingly. Nevertheless, under this 
condition, the temperatures of the storage system including the MPC and the stored fuel 
assemblies will rise monotonically as a function of time. 
 
As a result of the considerable inertia of the storage overpack, a significant temperature rise is 
possible if the inlets are substantially blocked for extended durations. This accident condition is, 
however, a short duration event that is identified and corrected through scheduled periodic 
surveillance. Nevertheless, this event is conservatively analyzed assuming a substantial duration 
of blockage. The inlet ducts in the HI-STORM UMAX thermal model are assumed to have 
become impervious to air flow for 100% air inlet blockage. Using this model, a transient thermal 
solution of the HI-STORM UMAX system starting from normal storage conditions is obtained. 
The results of the 32 hours blocked ducts transient analysis are presented in Table 4.6.7 and 
compared against the accident temperature limits (Table 2.3.7). The history of PCT increasing 
during the early time stage is plotted in Figure 4.6.1 to provide guideline for fuel loading 
operation. The co-incident MPC pressure (Table 4.6.10) is also computed and compared with the 
accident design pressure (Table 2.3.5). All computed results are found to remain well below their 
respective limits under the postulated 32 hours blockage duration.  
 
4.6.2.4 Burial Under Debris  
 
Burial of the HI-STORM UMAX system under debris is not a credible accident. During storage 
at the ISFSI there are no structures that loom over the casks whose collapse could completely 
bury the casks in debris.  Minimum regulatory distances from the ISFSI to the nearest ISFSI 
security fence precludes the close proximity of substantial amount of vegetation. Thus, even 
though there is no credible mechanism for the HI-STORM UMAX system to become completely 
buried under debris, the scenario of complete burial under debris is analyzed herein to quantify 
the system’s resistance to such an event. 
 
Thus, burial under debris is a postulated accident scenario that is analyzed in this FSAR to 
determine the length of time that is available to the plant’s emergency response organization to 
remedy the condition. The generic burial-under-debris analysis is performed under the following 
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assumptions: 
 
a. The ISFSI is assumed to be populated with the limiting MPC type containing the most adverse 

thermal loading, i.e. MPC-37 with short fuel under heat load chart 1. 
 
b. The burial medium serves as a perfect insulation blocking off any conductive or convective 

means for heat rejection to the environment. 
 
c. The burial is assumed to affect all VVMs at the ISFSI. Thus no heat transmission path to the 

adjacent subgrade is available. 
 
d. Heat rejection to the under-grade is also assumed to be (non-mechanistically) lost. 
 
Under the above scenario, the contents of the HI-STORM UMAX system will undergo a 
transient heat up under adiabatic conditions. The minimum available time (∆τ) for the fuel 
cladding to reach the accident limit depends on the following: (i) thermal inertia of the cask, (ii) 
the cask initial conditions, (iii) the spent nuclear fuel decay heat generation and (iv) the margin 
between the initial cladding temperature and the accident temperature limit. To obtain a lower 
bound on ∆τ, the HI-STORM UMAX VVM’s thermal inertia (item i) is understated, the cask 
initial temperature (item ii) is maximized, decay heat overstated (item iii) and the cladding 
temperature margin (item iv) is understated. A set of conservatively postulated input parameters 
for items (i) through (iv) are summarized in Table 4.6.8. Using these parameters ∆τ is computed 
as follows: 
 

Q
Tcm p ∆××

=∆τ  

where: 
 ∆τ = minimum available burial time (hr) 
 m = Mass of HI-STORM UMAX System (lb) 
 cp = Specific heat capacity (Btu/lb-oF) 
 ∆T = Permissible temperature rise (oF) 
 Q = Decay heat load (Btu/hr) 
 
Substituting the parameters in Table 4.6.8, the minimum available burial time is computed as 
22.7 hours. This is an example calculation for the short fuel. The same methodology can be 
adopted to estimate the time for other MPC types and fuel assemblies. The co-incident MPC 
pressure (see Table 4.6.10) is also computed and compared with the accident design pressure 
(Table 2.3.5). These results indicate that HI-STORM UMAX has a substantial thermal heat sink 
capacity to withstand a complete burial-under-debris event. 
 
The above simplified computation may be used to compute the permissible burial-under-debris 
time for a VVM cavity corresponding to its actual content conditions. The available time to 
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restore full ventilation in a loaded VVM is computed above for guiding the Emergency Response 
plan for an ISFSI for which a burial-under-debris event can be credibly postulated. 
 

4.6.2.5  Flood 
 

[ 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

] 
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[ 
PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390  

] 
 
4.6.2.6 Jacket Water Loss 
 
The thermal evaluation of normal on-site transfer in HI-TRAC VW discussed in Sub-Section 
4.5.4 is bounded by the normal on-site transfer evaluation of HI-TRAC VW in the HI-STORM 
FW FSAR Section 4.5.4 [4.1.2]. Therefore, HI-TRAC VW jacket water loss accident evaluated 
in the HI-STORM FW FSAR Section 4.6.2 [4.1.2] is incorporated by reference. 
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Table 4.6.1 
 

OFF-NORMAL EVENTS -  MAXIMUM  TEMPERATURES 

Component 

Off-Normal Ambient 
Temperature 

Condition 
oC (oF) 

Partial Inlet 
Ducts Blockage 

Condition 
oC (oF) 

Fuel Cladding 378 (713) 369 (696) 

MPC Basket 364 (687) 356 (673) 

Basket Periphery 297 (568) 294 (561) 

 Basket Shims 274 (525) 274 (525) 

MPC Shell 243 (470) 240 (464) 

MPC Lid* 249 (480) 246 (475) 

Divider Shell 180 (356) 177 (351) 

Containment Shell 66 (151) 56 (133) 

Closure Lid 
Concrete† 115 (239) 109 (228) 

Insulation 180 (356) 177 (351) 

 

  

                                                 
*  Maximum section average temperature reported. 
†  Maximum section average temperature reported. 
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Table 4.6.5 
 

OFF-NORMAL CONDITION MAXIMUM MPC PRESSURES FOR LIMITING MPC-37 
WITH SHORT FUEL UNDER HEAT LOAD CHART 1 

Condition Gauge Pressure 
(psig) 

Off-Normal Ambient Temperature 96.2  

Partial Blockage of Inlet Ducts 95.4 
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Table 4.6.6 

 
EXTREME ENVIRONMENTAL CONDITION 

MAXIMUM HI-STORM UMAX TEMPERATURES 

Component Temperature 
oC (oF) 

Fuel Cladding 392 (738) 

MPC Basket 378 (712) 

Basket Periphery 311 (592) 

Aluminum Basket Shims 288 (550) 

MPC Shell 257 (495) 

MPC Lid* 263 (505) 

Divider Shell 194 (381) 

Containment Shell 80 (176) 

Closure Lid Concrete† 129 (264) 

Insulation 194 (381) 

 

                                                 
*  Maximum section average temperature reported. 
†  Maximum section average temperature reported. 
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Table 4.6.7 
 

MAXIMUM TEPERATURES REACHED AFTER 32 
HOURS OF COMPLETE DUCT 

BLOCKAGE(GOVERNING THERMAL 
CONFIGURATION CASE) 

Component Final Condition 
oC (oF) 

Fuel Cladding 518 (964) 

MPC Basket 502 (936)  

Basket Periphery 438 (820) 

Aluminum Basket Shims 417 (783) 

MPC Shell 389 (732) 

MPC Lid* 333 (631) 

Divider Shell 368 (694) 

Containment Shell 246 (475) 

Closure Lid Concrete† 217 (423) 

Insulation 367 (693) 

 
  

                                                 
* Maximum section average temperature reported. 
† Maximum section average temperature reported. 
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Table 4.6.8 

 
SUMMARY OF INPUTS FOR BURIAL UNDER DEBRIS ANALYSIS FOR SHORT 

FUEL 

Thermal Inertia Inputs: 
  M (Lowerbound HI-STORM UMAX Weight)  
  Cp (Carbon steel heat capacity) 

 
46000 kg 

419 J/kg-oC 

  Clad initial temperature (conservatively higher) 390oC 

  Q (Decay heat) Table 2.1.8 

  ∆T (clad temperature margin) 180oC 
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Table 4.6.9 

 
 MAXIMUM COMPONENT TEMPERATURES DURING FLOOD ACCIDENT  

Component CASE 1 Note 1 
oC (oF) 

CASE 2 Note 1 
oC (oF) 

Fuel Cladding 368 (694) 389 (732) 

MPC Basket 354 (669) 376 (709) 

Basket Periphery 293 (559) 314 (597) 

Aluminum Basket Shims 273 (523) 293 (559) 

MPC Shell 239 (462) 260 (500) 

MPC Lid* 244 (471) 264 (507) 

Divider Shell 176 (349) 208 (406) 

Containment Shell 56 (133) 72 (162) 

Closure Lid Concrete† 108 (226) 140 (284) 

Insulation 176 (349) 208 (406) 

 
Note 1: Case 1 and Case 2 are defined in Section 4.6.2.5 as flood events of 
different heights to block air flow up to pedestal height and MPC baseplate 
respectively. 

 
 

 
  

                                                 
* Maximum section average temperature reported. 
† Maximum section average temperature reported. 
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Table 4.6.10 

 
ACCIDENT CONDITION MAXIMUM MPC PRESSURES 

Condition Gauge Pressure 
(psig) 

Extreme Ambient Temperature 99.0 
32 hours 100% blockage of air inlet 124.8 

Burial under Debris @ Maximum Allowable 
Burial Time 134.6 

Flood Case 1 * 95.0 
Flood Case 2 * 99.0 

 
  

                                                 
* Flood scenario defined in Section 4.6.2.5. 
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Figure 4.6.1: Rise of PCT during All Inlet Duck Blockage Accident Condition  
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4.7 REGULATORY COMPLIANCE 
 
The thermal compliance pursuant to the provisions of NUREG [4.0.1] and ISG-11 [4.0.2] of the 
MPCs requested for certification (MPC-37 and MPC-89) in the HI-STORM UMAX system has 
been considered in this chapter. NUREG-1536 [4.0.1] and ISG-11 [4.0.2] define several thermal 
acceptance criteria that must be applied to evaluations of normal conditions of storage. These 
items are addressed in Sections 2.5 and 4.1. Each of the pertinent criteria and the conclusion of 
the evaluations are summarized here. 
 
As required by ISG-11 [4.0.2], the fuel cladding temperature at the beginning of dry storage is 
maintained below the anticipated damage-threshold temperatures for normal conditions for the 
licensed life of the HI-STORM UMAX System. Maximum fuel cladding temperatures for long-
term storage conditions are reported in Section 4.4. 
 
As required by NUREG-1536 [4.0.1], the maximum internal pressure of the canister remains 
within its design pressure for normal conditions, assuming rupture of 1 percent of the fuel rods. 
Assumptions for pressure calculations include release of 100 percent of the fill gas and 30 
percent of the significant radioactive gases in the fuel rods. Maximum internal pressures are 
reported in Section 4.4 and shown to remain below the normal design pressures specified in 
Table 2.3.5. 
 
As required by NUREG-1536 [4.0.1], all VVM components and fuel materials are maintained 
within their minimum and maximum temperature for normal and off-normal conditions in order 
to enable components to perform their intended safety functions. Maximum and minimum 
temperatures for normal, off-normal and accident long-term storage conditions are reported in 
Sections 4.4 and 4.6 which are shown to be well below their respective Design temperature 
limits summarized in Table 2.3.7.  
 
As required by NUREG-1536 [4.0.1], the system ensures a very low probability of cladding 
breach during long-term storage. For long-term normal conditions, the maximum CSF cladding 
temperature is shown to be below the ISG-11 [4.0.2] limit of 400°C (752°F). 
 
As required by NUREG-1536 [4.0.1], the system is passively cooled. All heat rejection 
mechanisms described in this chapter, including conduction, natural convection, and thermal 
radiation, are completely passive.  
 
As required by NUREG-1536 [4.0.1], the thermal performance of the system is within the 
allowable design criteria specified in SAR Chapters 2 and 3 for normal conditions. All thermal 
results reported in Section 4.4 are within the design criteria under all normal conditions of 
storage. 
 
The thermal compliance of short term operations (such as MPC drying, lid welding and transport 
on the haul path) is presented in Section 4.5 wherein complete compliance with the provisions of 
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ISG-11 [4.0.2] is demonstrated. In particular, the ISG-11 requirement to ensure that maximum 
cladding temperatures under all fuel loading and short-term operations be below 400oC (752oF) 
for high burnup fuel and below 570oC (1058oF) for moderate burnup fuel is demonstrated.  
 
As required by NUREG-1536 [4.0.1], the maximum internal pressure of the MPC is evaluated 
and shown to remain within its off-normal and accident design pressure, assuming rupture of 10 
percent and 100 percent of the fuel rods, respectively. Assumptions for pressure calculations 
include release of 100 percent of the fill gas and 30 percent of the significant radioactive gases in 
the fuel rods.  
 
It is therefore concluded that all applicable regulatory requirements and guidelines germane to 
the integrity of the stored fuel and the “UMAX” storage system have been addressed and 
satisfied in this chapter. 
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CHAPTER 5: SHIELDING EVALUATION 
OF THE HI-STORM UMAX SYSTEM 

 
 
5.0 INTRODUCTION 
 
This chapter contains a shielding safety analysis of the loaded HI-STORM UMAX VVMs 
pursuant to the guidelines in NUREG-1536 [5.0.1]. The objective of the analyses summarized in 
this chapter is to demonstrate that the loaded underground VVM will provide sufficient dose 
blockage to enable an on-site ISFSI to be operated at a fraction of the controlled area boundary 
dose limits in 10CFR72. The analyses presented in this chapter focus on two representative 
multipurpose canisters, viz. MPC-37 and MPC-32, out of the population of MPCs listed in the 
Table 1.2.1. A technical justification of the basis for selecting these two representative canisters 
is provided later in this section. This chapter, however, only supports the certification of the 
MPC-37 and MPC-89. The analyses reported for the smaller diameter canister are for reference 
purposes only. The sections that follow demonstrate that the design of the HI-STORM UMAX 
dry cask storage system fulfills the following acceptance criteria outlined in the Standard Review 
Plan, NUREG-1536: 
 
Acceptance Criteria 

 
1. The minimum distance from each spent fuel handling and storage facility to the 

controlled area boundary must be at least 100 meters. The “controlled area” is defined 
in 10CFR72.3 as the area immediately surrounding an ISFSI or monitored retrievable 
storage (MRS) facility, for which the licensee exercises authority regarding its use 
and within which ISFSI operations are performed. 

 
2. The system designer must show that, during both normal operations and anticipated 

occurrences, the radiation shielding features of the proposed dry cask storage system 
are sufficient to meet the radiation dose requirements in Section 72.104(a). 
Specifically, the vendor must demonstrate this capability for a typical array of casks 
in the most bounding site configuration. For example, the most bounding 
configuration might be located at the minimum distance (100 meters) to the 
controlled area boundary, without any shielding from other structures or topography. 

 
3. Dose rates from the cask must be consistent with a well-established “as low as 

reasonably achievable” (ALARA) program for activities in and around the storage 
site. 

 
4. After a design-basis accident, an individual at the boundary or outside the controlled 

area shall not receive a dose greater than the limits specified in 10CFR72.106. 
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5. The proposed shielding features must ensure that the dry cask storage system meets 
the regulatory requirements for occupational and radiation dose limits for individual 
members of the public, as prescribed in 10CFR Part 20, Subparts C and D. 

 
Consistent with the guidelines provided in the Standard Review Plan, NUREG-1536, this chapter 
contains the following information: 
 
• A description of the shielding features of the HI-STORM UMAX System. 
• A description of the source terms. 
• A general description of the shielding analysis methodology. 
• A description of the analysis assumptions and results for the HI-STORM UMAX system. 
• Analyses to show that the 10CFR72.106 controlled area boundary radiation dose limits are 

met during accident conditions of storage for non-effluent radiation at a minimum distance of 
100 meters.  
 

Since only representative dose rate values for normal conditions can be presented herein, 
compliance with the radiation and exposure objectives of 10CFR72.104, of necessity, must be 
performed as part of the site specific evaluations. 
 
In this chapter, analyses are presented for two representative MPCs, namely MPC-32 and MPC-
37, previously used to qualify peer-certified HI-STORM systems (MPC-32 in HI-STORM 100 in 
Docket Number 72-1014 [5.0.2], and MPC-37 in HI-STORM FW in Docket Number 72-1032 
[5.0.3]) showing that the radiation dose rates follow As-Low-As-Reasonably-Achievable 
(ALARA) principle. MPC-32 and MPC-37 are selected as they represent two different classes of 
MPCs from the outer dimensions perspective. The smaller diameter of the MPC-32 compared to 
that of the MPC-37 results in a larger gap between the MPC enclosure shell and CEC. 
Additionally, MPC-32 is slightly longer than MPC-37. Both of these attributes may cause 
slightly higher dose rates for the HI-STORM UMAX system loaded with MPC-32 compared to 
MPC-37. As stated at the beginning of this section, the MPC-32 dose evaluations are for 
reference purpose only. Besides the MPC-37, this chapter also supports the certification of the 
MPC-89 in the HI-STORM UMAX system. However, the MPC-89 specific shielding analyses 
are not performed as the results presented in the HI-STORM FW FSAR show that results for the 
MPC-89 are similar to those for the MPC-37. Additionally, it is noted that site specific analyses 
need to use the site specific MPC (MPC-37 or MPC-89) for controlled area boundary dose 
calculations to show the site’s compliance with 10 CFR 72.104 and 10 CFR 72.106.  
 
The design basis zircaloy clad fuel assemblies used for calculating the dose rates presented in 
this chapter is the Westinghouse (W) 17x17 PWR fuel (see Table 5.0.1).  The burnup and 
cooling times used for the shielding evaluation are consistent‡‡ with those in [5.0.3]. Use of 
identical MPC and similar source term data enables a one-to-one comparison between the 

                                                 
‡‡ Only difference is the cooling time: FW uses 4.5 years which is more representative for the 
side of the MPC, whereas UMAX uses 5 years which is more representative for the top of the 
MPC. 
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shielding capacity of “HI-STORM UMAX” and its aboveground counterpart, the HI-STORM 
FW MPC storage system. 
 
The principal sources of radiation in the HI-STORM UMAX System are: 
 
• Gamma radiation originating from the following sources: 
 

1. Decay of radioactive fission products 
2. Secondary photons from neutron capture in fissile and non-fissile nuclides 
3. Hardware activation products generated during core operations 

 
• Neutron radiation originating from the following sources: 
 

1. Spontaneous fission 
2. α,n reactions in fuel materials 
3. Secondary neutrons produced by fission from subcritical multiplication 
4. γ,n reactions (this source is negligible) 

 
10CFR72 contains two sections that set down main dose requirements: §104 for normal and off-
normal conditions, and §106 for anticipated occurrences and accident conditions. The 
relationship of these requirements to the safety analyses documented herein, are as follows: 
 
• 10CFR72.104 specifies the dose limits from an ISFSI (and other operations) at a site 

boundary under normal and off-normal conditions. Compliance with §104 can therefore only 
be demonstrated on a site-specific basis, since it depends not only on the design of the cask 
system and the loaded fuel, but also on the ISFSI layout, the distance to the site boundary, 
and possibly other factors such as the terrain around the ISFSI. The purpose of this chapter is 
therefore to present the analysis methodology and illustrate its application to obtain the dose 
rates at locations of interest using a reference problem. The analysis carried out on the “HI-
STORM UMAX” geometry is also intended to aid the user in applying the ALARA 
considerations and planning of the ISFSI. To accomplish the above objectives, it is 
appropriate to present reasonably conservative dose rate values, based on a reasonable 
conservative choice of burn-ups and cooling times of the assemblies (Table 5.0.1). 

• For the accident dose limit in 10CFR72.106 it should be noted that the governing accident 
condition for the HI-STORM FW system, namely loss of shielding water in the Transfer 
cask, is analyzed in Reference [5.0.3]. Reference [5.0.3] contains the shielding analysis for 
accidental loss of water in HI-TRAC VW. Likewise, the HI-STORM 100 docket (Docket 
Number 72-1014) contains the equivalent accident analysis for HI-TRAC 125 and 100 
models used to transfer MPC-32, MPC-68, and other models licensed in [5.0.2], which can 
be used as references for ISFSI planning. Therefore, the classical accident analysis 
considered in deploying the HI-STORM system are pre-empted by the evaluations in 
Reference [5.0.3], making it unnecessary and redundant  to perform them in this FSAR. In 
addition, a Design Basis Missile (defined by Tables 2.3.3 and 2.3.4) strike to the exposed 
radiation protection space boundary (defined in Chapter 1), created by the excavation 
adjacent to it, has been analyzed in Chapter 3 and found to cause about 5.5 feet penetration 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001472

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-6, Page 128 of 301
(1501 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

5-4 
 

through the subgrade. It is to be noted that the optional enclosure wall was not considered in 
the missile penetration calculations, and while the radiation protection space provides at least 
10.75 feet of subgrade in the radial direction from the outer metal surface of the VVM to the 
radiation protection space boundary, only 6.5 feet of subgarde is conservatively utilized for 
this accident condition dose calculation. Hence, the impact of a tornado missile penetrating a 
6.5 feet subgrade creating a horizontal hole extending 5.5 feet from the external surface of 
the subgrade is considered as an accident condition for the shielding evaluations.  
 

The shielding analyses were performed with MCNP5 [5.0.4] developed by Los Alamos National 
Laboratory (LANL). The source terms for the design basis fuels were calculated with the SAS2H 
and ORIGEN-S sequences from the SCALE 5 system [5.0.5][5.0.6]. A detailed description of the 
MCNP models and the source term calculations are presented in Sections 5.3 and 5.2, 
respectively. 
 
To facilitate convenient access to the referenced material, the latest edition of the HI-STORM 
FW FSAR has been placed in this docket and a list of "FW" FSAR sections germane to this 
chapter is provided in a tabular form. The HI-STORM FW FSAR will be maintained in a 
configuration controlled status in this docket as a mandatory supplement to this FSAR. The table 
below provides a listing of the material adopted in this chapter by reference to the HI-STORM 
FW FSAR. 
 
The safety analyses summarized in this chapter demonstrate that under accident conditions, 
acceptable margins to allowable limits exist under all design basis loading conditions. For 
normal and off-normal conditions, the analyses in this chapter simply provide a generic 
evaluation that demonstrates that the dose requirements as specified in 10CFR72.104 can be met 
under site specific conditions. Minor changes to the design parameters that inevitably occur 
during the product’s life cycle which are treated within the purview of 10CFR72.48 and are 
ascertained to have an insignificant effect on the computed dose rates in this chapter may not 
prompt a formal reanalysis and revision of the results and associated data in the tables of this 
chapter unless the cumulative effect of all such unquantified changes cannot be deemed any 
more to be insignificant.  For accident conditions, the dose limit as specified in 10CFR72.106 is 
5 rem.  The only accident which impacts dose rates is the loss of water in the water jacket for the 
HI-TRAC VW.  For the purposes of determining if the changes to the HI-TRAC VW are 
insignificant, an insignificant loss of margin with reference to the 5 rem acceptance criteria is 
defined as the estimated reduction that is no more than one order of magnitude less than the 
available margin reported in the FSAR.  For normal and off-normal conditions, site specific dose 
evaluations are required to demonstrate compliance with 10CFR72.104. Incorporating any minor 
changes into those site specific evaluations is only warranted if it would be expected, on a site 
specific basis, that those changes could result in a situation where the limits are no longer met 
and where therefore other compensatory measures are required, such as a change in the loading 
plan or the closure lid concrete density. Incorporating changes into the analyses in this chapter 
for normal and off-normal conditions will only be performed under extenuating circumstances, 
e.g. major changes to the shielding design, in order to provide an updated template for the site 
specific dose analyses. 
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To ensure rigorous configuration control, the information in the Licensing drawings in Section 
1.5 should be treated as the authoritative source for numerical analysis at all times.  Reliance on 
the input data and associated results in this chapter for additional mathematical computations 
may not be appropriate as they serve the sole purpose of establishing safety compliance in 
accordance with the acceptance criteria set down in Chapter 2 and in this chapter.  
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SECTIONS OF  HI-STORM FW FSAR APPLICABLE  TO THIS SAFETY EVALUATION §§ 

Location in the  
UMAX FSAR  

Subject of the Reference Location in the HI-STORM  
FW FSAR, Revision 3 

Sections 5.0 and 
Sub-Section 

5.1.1 

Shielding safety analyses governing the 
HI-TRAC 

Section 5.1 and 5.4 

Section 5.2 The reference fuel and the Non-fuel 
hardware (BPRAs etc) 

Section 5.2 

Section 5.4 The axial distribution of the fuel source 
term 

Table 2.1.5  

Figures 2.1.3 and 2.1.4 

 
  

                                                 
§§ For convenience of reference, the specific revision of the HI-STORM FW FSAR that is referenced in the safety 
analysis herein is placed in this docket. Updated versions of the HI-STORM FW FSAR shall be placed in this 
docket as necessary so as to ensure that the safety analyses on the “UMAX” docket (72-1040) remain aligned with 
the material referenced in the HI-STORM FW FSAR. 
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Table 5.0.1  
 

DESIGN BASIS FUEL BURNUP, COOLING TIME, AND ENRICHMENT FOR 
DOSE EVALUATION 

 
MPC TYPE BURN- UP 

GWD/MTU 
COOLING TIME 

YEARS 
ENRICHMENT 

Wt % U-235 
MPC-32 and 

MPC-37 
45 5 3.6 
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5.1    SHIELDING FEATURES, DESIGN OBJECTIVE AND RESULTS 
 
5.1.1  Shielding Features 
 
The essentials of the HI-STORM UMAX System are described in Section 1.2. The design details 
are laid out in the licensing drawings in Section 1.5. As can be seen from the Licensing 
drawings, the underground HI-STORM UMAX System differs from all aboveground HI-
STORM overpacks certified in Dockets 72-1014 and 1032 in that the used fuel is stored well 
below the ISFSI’s top of grade (TOG). HI-STORM UMAX, however, is completely fungible 
with the HI-STORM FW overpack model in that it can store the MPC-37 and MPC-89 certified 
to be stored in the FW system. Furthermore, the HI-TRAC VW transfer cask used to perform the 
short-term operations to prepare and install the MPCs in the storage system is identical to that 
used in the HI-STORM FW system [5.0.3]. In fact, the MPC’s content conditions and the 
loading operations up to the time the loaded transfer cask arrives at the ISFSI are identical to the 
HI-STORM FW system.  Therefore, all shielding safety analyses governing the HI-TRAC VW 
transfer cask are already provided in Reference [5.0.3] and no further calculations involving the 
HI-TRAC VW transfer cask are necessary or presented in this chapter.  
 
As shown in the Licensing drawings, the HI-STORM UMAX ISFSI consists of a set of vertically 
disposed thick-walled steel containers founded on a thick reinforced concrete pad (denoted as the 
Support Foundation pad, located over 20 feet below TOG) and embedded in a subgrade made of 
a Self-hardening Engineered Subgrade. The top region of the steel container is reinforced by a 
thick plate-type flange that rests on a reinforced concrete pad denoted as the ISFSI pad. The top 
opening in the container is the only location of access into the cavity and potential path of 
emission of radiation to the environment. To provide maximum blockage to the radiation issuing 
from the fuel, “HI-STORM UMAX” utilizes both mass and distance as barriers. The Closure 
Lid, made as an over-40 inch thick steel weldment filled with concrete, provides a massive body 
in the path of the radiation emanating from the fuel. The shielding action of the lid is further 
aided by ensuring that the top of the MPC (itself equipped with a > 9inch thick lid) is at least 
about 2 feet below the bottom of the VVM Closure lid.  With such a massive blockage arrayed 
against the stored fuel, the dose levels at the top of the ISFSI pad are expected to be very low, 
which the analyses in this chapter will be seen to corroborate. 
 
However, aside from the magnitude of shielding, the shielding mechanism  in the HI-STORM  
UMAX VVM is similar to the aboveground overpack designs certified in [5.0.2] and [5.0.3] with 
gamma shielding provided by the concrete and the steel of the module, and neutron shielding 
provided by the ISFSI concrete. However, because the VVM is located below grade, a 
significant reduction in the dose at the directly accessible surface of the VVM compared to the 
aboveground storage modules is realized. Dose rates from a HI-STORM UMAX VVM at the site 
boundary are therefore significantly lower than, and bounded by, the corresponding dose rates 
from the peer aboveground HI-STORM systems. 
 
It should be noted that the material and thickness of some parts are optional in the HI-STORM 
UMAX drawings provided in Chapter 1. Site specific chosen options will be considered in 
performing site specific shielding calculations to show the compliance with the regulatory limits. 
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5.1.2  Design Objective 
 
In accordance with ALARA practices, design objective dose rates are established for the HI-
STORM UMAX system and presented in Table 2.9.2. 
 
Chapter 12 discusses the potential off-normal conditions and their effect on the HI-STORM 
UMAX system. None of the off-normal conditions have any impact on the shielding analysis. 
Therefore, off-normal and normal conditions are identical for the purpose of the shielding 
evaluation. 
 
The 10CFR72.104 criteria for radioactive materials in effluents and direct radiation during 
normal operations are: 
 
1. During normal operations and anticipated occurrences, the annual dose equivalent to any 

real individual who is located beyond the controlled area, must not exceed 25 mrem to 
the whole body, 75 mrem to the thyroid, and 25 mrem to any other critical organ.  

 
2. Operational restrictions must be established to meet As-Low-as-Reasonably-Achievable 

(ALARA) objectives for radioactive materials in effluents and direct radiation. 
 
10CFR20 Subparts C and D specify additional requirements for occupational dose limits and 
radiation dose limits for individual members of the public. Chapter 11 specifically addresses 
these regulations.  
 
5.1.3  Results 
 
Figure 5.1.1 identifies the locations of the dose points referenced in Tables 5.1.1 and 5.1.2 for 
HI-STORM UMAX loaded with MPC-32 and MPC-37, respectively. Dose Points #1 represents 
the side of the closure lid shell on top of the inlet plenum. Dose Point #1 is also the location of 
the highest dose rate on the lid in the final storage configuration. However, there is a substantial 
dose rate reduction at 1 meter from Dose Point #1. The maximum dose rate is reported for the 
side surface of the lid shell, while the dose rate value reported at 1 meter is taken at the middle of 
the lid shell. Dose Point #2 is the location of the surface of the outlet duct. Dose Point #3 is 
positioned on the closure lid cover plate. Dose Points # 4 and #5 (#5 not seen in Figure 5.1.1) are 
the locations of the outlet and inlet vents (top surface), respectively. Dose Point #6 is located 
over a tube that would be required for the ICCPS test station if an ICCPS is used. Dose Point #7 
is located over an empty VVM located adjacent to a loaded VVM. Dose Point #7 is used to 
calculate the potential radiation streaming through an empty cavity surrounded by 4 loaded 
VVMs. 
 
The tube for the ICCPS test station is modeled as a cylindrical hole that extends from the VIP 
down to the base plate of the MPC. The tube is modeled with a diameter of 4 inches, located 
about 5.5 feet from the center of the VVM. If the actual tube has characteristics that could result 
in higher dose rates, i.e. is larger or closer to the VVM than modeled here, the actual tube 
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characteristics should be considered in the site specific dose calculations. Depending on the 
results of those calculations, additional measures, such as added shielding at the top of the tube, 
may be required. 
 
A comparison between the dose rates in Table 5.1.2 and the corresponding dose rates presented 
in Section 5.1 of the HI-STORM FW FSAR [5.0.3] show that the maximum dose rate for the HI-
STORM  UMAX module with a loaded MPC is well below the maximum dose rate for the HI-
STORM FW with the identically loaded MPC. The generally lower dose rate in HI-STORM 
UMAX compared to HI-STORM FW would suggest that the dose rate contribution at the site 
boundary will be accordingly exiguous. Nevertheless, calculations were performed for both 
MPC-32 and MPC-37 under normal condition to determine the annual dose rate from the HI-
STORM UMAX system at a distance of 100 meters. These results, which are presented in Table 
5.1.3, indicate that the HI-STORM UMAX meets the requirements of 10CFR72.104 at 100 
meters with large margins. Comparing these results to the results in Section 5.1 of the HI-
STORM FW FSAR demonstrates that the off-site dose from the HI-STORM UMAX is a small 
fraction of the off-site dose from an aboveground overpack.  
 
The bounding accident condition is identified in Chapter 3 to be the impact of a tornado missile 
with a diameter of 8 inches. This missile would penetrate the soil about 5.5 ft. This is the 
bounding condition since smaller missiles have less energy, and larger missiles (automotive) 
have a much larger impact area thus resulting in a much smaller indentation of the soil. Under 
the bounding condition, the maximum dose over a period of 30 days at a distance of 100 m from 
the VVM is presented in Table 5.1.4. As discussed in Section 5.0, only 6.5 feet of subgrade in 
the radial direction from the outer metal surface of the VVM is applied for this accident 
condition dose evaluation. Table 5.1.4 demonstrates that the accident condition dose is in 
compliance with the 10CFR72.106 and much lower than the dose reported for HI-TRAC 
accident condition in Reference [5.0.3]. 
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Table 5.1.1 
 

DOSE RATES ADJACENT TO AND 1 METER FROM THE HI-STORM UMAX 
MODULE FOR NORMAL CONDITIONS 

MPC-32 DESIGN BASIS ZIRCALOY CLAD FUEL  
Dose Point† 

Location 
Fuel 

Gammas†† 
(mrem/hr) 

60Co 
Gammas 

(mrem/hr) 

Neutrons 
(mrem/hr) 

Totals 
(mrem/hr) 

Totals with 
BPRAs 

(mrem/hr) 
Surface of the overpack 

1 22.37 12.71 21.80 56.88 66.04 
2 0.60 0.07 2.36 3.03 3.10 
3 0.17 0.01 0.53 0.72 0.73 
4 1.35 0.22 0.81 2.37 2.55 
5 3.69 2.02 2.95 8.65 10.11 
6 10.66 4.93 1.31 16.90 20.28 
7‡ 1.04 0.48 0.76 2.24 2.56 

One meter from the overpack 
1 5.67 1.43 1.19 8.29 9.56 
2 3.34 1.62 1.95 6.91 8.14 
3 0.26 0.05 0.22 0.53 0.57 
4 0.42 0.07 0.44 0.93 0.99 
5 0.71 0.34 0.43 1.48 1.72 

                                                 
† Refer to Figure 5.1.1. 
†† Gammas generated by neutron capture are included with fuel gammas.  
‡  Calculated for an empty VVM surrounded by four loaded VVMs. 
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Table 5.1.2 
 

DOSE RATES ADJACENT TO AND 1 METER FROM THE HI-STORM UMAX 
MODULE FOR NORMAL CONDITIONS 

MPC-37 DESIGN BASIS ZIRCALOY CLAD FUEL 

Dose Point† 
Location 

Fuel 
Gammas†† 
(mrem/hr) 

60Co 
Gammas 

(mrem/hr) 

Neutrons 
(mrem/hr) 

Totals 
(mrem/hr) 

Totals with 
BPRAs 

(mrem/hr) 
Surface of the overpack 

1 15.67 4.99 17.28 37.93 41.47 
2 0.52 0.04 1.76 2.32 2.35 
3 0.15 0.01 0.42 0.57 0.57 
4 1.15 0.15 0.64 1.94 2.08 
5 2.20 0.76 2.27 5.24 5.77 
6 6.00 4.11 1.15 11.27 13.87 
7‡ 1.88 0.2 0.56 2.64 2.8 

One meter from the overpack 
1 3.81 0.80 0.96 5.58 6.14 
2 2.30 0.63 1.53 4.45 4.92 
3 0.26 0.02 0.18 0.47 0.53 
4 0.36 0.05 0.35 0.76 0.80 
5 0.64 0.15 0.36 1.14 1.27 

                                                 
† Refer to Figure 5.1.1. 
†† Gammas generated by neutron capture are included with fuel gammas.  
‡  Calculated for an empty VVM surrounded by four loaded VVMs. 
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Table 5.1.3 
 

ANNUAL DOSE AT 100 METERS FROM A SINGLE 
HI-STORM UMAX OVERPACK WITH MPC-32 AND 

MPC-37 WITH DESIGN BASIS 
ZIRCALOY CLAD FUEL† 

Dose Component MPC-32 Dose 
Rates (mrem/yr) 

MPC-37 Dose 
Rates (mrem/yr) 

Fuel gammas†† 3.85 2.80 
60Co Gammas 1.23 0.61 

Neutrons 2.54 2.10 
Totals 7.62 5.43 

Totals with BPRAs 8.58 5.96 

                                                 
† 8760 hour annual occupancy is assumed. 

†† Gammas generated by neutron capture are included with fuel gammas.  
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Table 5.1.4 
 

DOSE AT 100 METERS FROM A SINGLE HI-STORM UMAX 
OVERPACK WITH MPC-32 AND MPC-37 LOADED WITH 

DESIGN BASIS FUEL FOR ACCIDENT CONDITION 
MPC DOSE§ (Rem) 

MPC-32 0.12 
MPC-37 0.13 

                                                 
§ Accident duration is assumed to be 30 days. 
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FIGURE 5.1.1: HI-STORM UMAX MODULE CROSS SECTIONAL VIEWS WITH DOSE 
POINT LOCATIONS 

(SKY COLOR REPRESENTS CONCRETE, PINK REPRESENTS SUBGRADE AND 
ORANGE REPRESENTS AIR)
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5.2 SOURCE SPECIFICATION 
 
The design basis fuel used for the reference shielding analyses is identical, and the burnup, 
cooling time and enrichment combination is consistent** with what was used in the HI-STORM 
FW FSAR [5.0.3]. However, to enhance readability and to assist the reviewer, excerpt from the 
source specification section, Section 5.2 of Chapter 5, of the HI-STORM FW FSAR is presented 
here.  
 
††The neutron and gamma source terms, decay heat values, and quantities of 
radionuclides available for release were calculated with the SAS2H and ORIGEN-S 
modules of the SCALE 5 system [5.0.5][5.0.6]. SAS2H has been extensively compared 
to experimental isotopic validations and decay heat measurements. References [5.2.1] 
through [5.2.8] present isotopic and decay heat comparisons for PWR and BWR fuels. 
All of these studies indicate good agreement between SAS2H and ORIGEN-S and 
measured data.  
 
A description of the design basis fuel for the source term calculations is provided in 
Table 5.2.1. Subsection 5.2.4 discusses the rationale in the determination of the design 
basis fuel assemblies.  
 
In performing the SAS2H and ORIGEN-S calculations, a single full power cycle was 
used to achieve the desired burnup. This assumption, in conjunction with the above-
average specific powers listed in Table 5.2.1 resulted in a conservative source term 
calculation. 
 
 
5.2.1 Gamma Source 
 
Tables 5.2.2 provides the gamma source in MeV/s and photons/s as calculated with 
SAS2H and ORIGEN-S for the design basis zircaloy clad fuel at the burnups and 
cooling times used for the shielding analyses in this chapter.  
 
Previous analyses were performed for the HI-STORM 100 system to determine the 
dose contribution from gammas as a function of energy [5.0.2]. The results of these 
analyses have revealed that, due to the magnitude of the gamma source at lower 
energies, photons with energies as low as 0.45 MeV must be included in the shielding 
analysis, but photons with energies below 0.45 MeV are too weak to penetrate the HI-
STORM overpack or HI-TRAC. The effect of gammas with energies above 3.0 MeV, on 
the other hand, was found to be insignificant. This is due to the fact that the source of 
                                                 
** Only difference is the cooling time: FW uses 4.5 years which is more representative for the 
side of the MPC, whereas UMAX uses 5 years which is more representative for the top of the 
MPC. 
†† The text matter in the “Arial” font is excerpted from the HI-STORM FW FSAR with minor 
editorial changes, as appropriate. 
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gammas in this range (i.e., above 3.0 MeV) is extremely low. Therefore, all photons with 
energies in the range of 0.45 to 3.0 MeV are included in the shielding calculations.  
 
The primary source of activity in the non-fuel regions of an assembly arises from the 
activation of 59Co to 60Co. The primary source of 59Co in a fuel assembly is impurities in 
the steel structural material above and below the fuel. The zircaloy in these regions is 
neglected since it does not have a significant 59Co impurity level. Reference [5.2.9] 
indicates that the impurity level in steel is 800 ppm or 0.8 gm/kg. Therefore, inconel and 
stainless steel in the non-fuel regions are both assumed to have the same 0.8 gm/kg 
impurity level. 
 
Some of the PWR fuel assembly designs (B&W and WE 15x15) utilized inconel in-core 
grid spacers while other PWR fuel designs use zircaloy in-core grid spacers. In the mid 
1980s, the fuel assembly designs using inconel in-core grid spacers were altered to use 
zircaloy in-core grid spacers. To take that into account, the gamma source for the PWR 
zircaloy clad fuel assembly includes the activation of the in-core grid spacers.  
 
The masses in Table 5.2.1 were used to calculate a 59Co impurity level in the fuel 
assembly material. The grams of impurity were then used in ORIGEN-S to calculate a 
60Co activity level for the desired burnup and decay time. The methodology used to 
determine the activation level was developed from Reference [5.2.10] and is described 
here. 
 
1. The activity of the 60Co is calculated using ORIGEN-S. The flux used in the 

calculation was the in-core fuel region flux at full power. 
 
2. The activity calculated in Step 1 for the region of interest was modified by the 

appropriate scaling factors listed in Table 5.2.3. These scaling factors were taken 
from Reference [5.2.10]. 

 
Table 5.2.4 presents the 60Co activity utilized in the shielding calculations for the non-
fuel regions of the assemblies in the MPC-37 and the MPC-32.  
 
In addition to the two sources already mentioned, a third source arises from (n,γ) 
reactions in the material of the MPC and the overpack. This source of photons is 
properly accounted for in MCNP when a neutron calculation is performed in a coupled 
neutron-gamma mode. 
 
5.2.2 Neutron Source 
 
It is well known that the neutron source strength increases as enrichment decreases, for 
a constant burnup and decay time. This is due to the increase in Pu content in the fuel, 
which increases the inventory of other transuranium nuclides such as Cm. The gamma 
source also varies with enrichment, although only slightly. Because of this effect and in 
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order to obtain conservative source terms, low initial fuel enrichments of 3.6 wt% were 
chosen for the PWR design basis fuel assemblies under.  
 
The neutron sources calculated for the design basis fuel assembly are listed in Tables 
5.2.5 in neutrons/s for the selected burnup and cooling times used in the shielding 
evaluations. The neutron spectrum is generated in ORIGEN-S. 
 
5.2.3 Non-Fuel Hardware 
 
Burnable poison rod assemblies (BPRAs), thimble plug devices (TPDs), control rod 
assemblies (CRAs), axial power shaping rods (APSRs), and neutron source assemblies 
(NSAs)) are generally termed as non-fuel hardware and can be stored as an integral 
part of a PWR fuel assembly. Non-fuel hardware storage restrictions as applicable for a 
particular MPC in the certification of its host docket are also applicable in the HI-
STORM UMAX system. Similar to HI-STORM FW FSAR [5.0.3], representative 
shielding analyses are performed in this chapter by only utilizing BPRAs in every PWR 
fuel location in the basket. 
 
5.2.3.1  BPRAs  
 
Burnable poison rod assemblies (BPRA) (including wet annular burnable absorbers) are 
an integral, yet removable, part of a large portion of PWR fuel. BPRAs are made of 
stainless steel in the region above the active fuel zone and may contain a small amount 
of inconel in this region. Within the active fuel zone the BPRAs may contain 2-24 rodlets 
which are burnable absorbers clad in either zircaloy or stainless steel. The stainless 
steel clad BPRAs create a significant radiation source (Co-60) while the zircaloy clad 
BPRAs create a negligible radiation source. Therefore, the stainless steel clad BPRAs 
are bounding.  
 
The masses of this devise are listed in Table 5.2.6, while Table 5.2.7 presents the 
curies of Co-60 that were calculated for BPRAs in each region of the fuel assembly (e.g. 
incore, plenum, top).  For specific site boundary evaluations, these levels/values can be 
used if they are bounding.  Alternatively, more realistic values can be used. 
 
5.2.4 Choice of Design Basis Assembly 
 
The Westinghouse 17x17 assembly was selected as design basis assembly since it is 
been widely used throughout the industry. Site specific shielding evaluations should 
verify that those assemblies and assembly parameters are appropriate for the site-
specific analyses. 
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Table 5.2.1 
DESIGN BASIS PWR FUEL DATA 

Item Data 
Assembly type/class WE 17×17 

Active fuel length (in.) 144 

No. of fuel rods 264 

Rod pitch (in.) 0.496 

Cladding material Zircaloy-4 

Rod diameter (in.) 0.374 

Cladding thickness (in.) 0.0225 

Pellet diameter (in.) 0.3232 

Pellet material UO2 

Pellet density (gm/cc) 10.412 (95% of theoretical) 

Enrichment (w/o 235U) 3.6 

Specific power (MW/MTU) 43.48 

Weight of UO2 (kg)††  532.150 

Weight of U (kg)†† 469.144 

No. of Water Rods/ Guide Tubes 25 

Water Rod/ Guide Tube O.D. (in.) 0.474 

Water Rod/ Guide Tube Thickness (in.) 0.016 

Lower End Fitting (kg) 5.9 (steel) 

Gas Plenum Springs (kg) 1.150 (steel) 

Gas Plenum Spacer (kg) 0.793 (inconel) 
0.841 (steel) 

Expansion Springs (kg) N/A 

Upper End Fitting (kg) 6.89 (steel)                         
0.96 (inconel) 

Handle (kg) N/A 

Incore Grid Spacers (kg) 4.9 (inconel) 
 

                                                 
††  Derived from parameters in this table. 
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Table 5.2.2 
 

CALCULATED PWR FUEL GAMMA SOURCE PER 
ASSEMBLY FOR DESIGN BASIS BURNUP AND COOLING 

TIME  
Lower 
Energy 

Upper 
Energy 

45,000 MWD/MTU 
5-Year Cooling  

(MeV) (MeV) (MeV/s) (Photons/s) 

0.45 0.7 1.95E+15 3.40E+15 

0.7 1.0 6.52E+14 7.67E+14 

1.0 1.5 1.52E+14 1.22E+14 

1.5 2.0 1.19E+13 6.79E+12 

2.0 2.5 6.64E+12 2.95E+12 

2.5 3.0 2.88E+11 1.05E+11 

Total 2.78E+15 4.30E+15 
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Table 5.2.3 
 

SCALING FACTORS USED IN 
CALCULATING THE 60Co SOURCE 

Region PWR  

Handle N/A 

Upper End Fitting 0.1 

Gas Plenum Spacer 0.1 

Expansion Springs N/A 

Gas Plenum Springs 0.2 

Incore Grid Spacer 1.0 

Lower End Fitting 0.2 
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Table 5.2.4 

 
CALCULATED 60Co SOURCE PER ASSEMBLY  

FOR DESIGN BASIS 
FUEL AT DESIGN BASIS BURNUP AND COOLING TIME  

Location 45,000 MWD/MTU  
and  

5-Year Cooling   
(curies) 

Lower End Fitting 80.53 

Gas Plenum Springs 15.70 

Gas Plenum Spacer 11.15 

Incore Grid Spacers 334.42 

Upper End Fitting 53.57 
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Table 5.2.5 

 
CALCULATED PWR NEUTRON SOURCE PER ASSEMBLY 
FOR 45,000 MWD/MTU BURNUP AND 5 YEAR COOLING 

Lower Energy 
(MeV) 

Upper Energy 
(MeV) 

45,000 MWD/MTU 
5-Year Cooling 

(Neutrons/s) 
1.0e-01 4.0e-01 2.99E+07 

4.0e-01 9.0e-01 6.52E+07 

9.0e-01 1.4 6.51E+07 

1.4 1.85 5.20E+07 

1.85 3.0 9.69E+07 

3.0 6.43 8.80E+07 

6.43 20.0 8.40E+06 

Totals 4.06E+08 
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Table 5.2.6 

DESCRIPTION OF DESIGN BASIS BURNABLE 
POISON ROD ASSEMBLY  

Region BPRA 
Upper End Fitting (kg of steel) 2.62 
Upper End Fitting (kg of inconel) 0.42 
Gas Plenum Spacer (kg of steel) 0.77488 
Gas Plenum Springs (kg of steel) 0.67512 
In-core (kg of steel) 13.2 

 
 

Table 5.2.7 
DESIGN BASIS COBALT-60 ACTIVITIES FOR BURNABLE 

POISON ROD ASSEMBLIES  
Region BPRA 
Upper End Fitting (curies Co-60) 32.7 
Gas Plenum Spacer (curies Co-60) 5.0 
Gas Plenum Springs (curies Co-60) 8.9 
In-core (curies Co-60) 848.4 
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5.3 MODEL SPECIFICATIONS 
 
The shielding analyses of the HI-STORM UMAX module are performed with MCNP5 [5.0.4], 
which is a QA-validated code under Holtec International’s quality program. A sample input file 
for MCNP is provided in Appendix 5.A. 
 
Section 1.5 provides the drawings that describe the HI-STORM UMAX System. The nominal 
dimensions in these drawings were used to create the MCNP models used in the radiation 
transport calculations. Modeling deviations from these drawings are discussed below. Figure 
5.3.1 shows cross sectional views of the HI-STORM UMAX module as it was modeled in 
MCNP for accident condition. Note that the inlet and outlet vents were modeled explicitly; 
therefore, streaming through these components is accounted for in the dose calculations. Figure 
5.3.2 depicts the inlet plenum, part of the outlet and additionally the dose locations used to obtain 
a dose profile across the HI-STORM UMAX lid and surrounding ISFSI pad. 
 
Since the HI-STORM UMAX models analyzed in this chapter use principally the same MPC 
models from the References [5.0.2][5.0.3], all figures, conservative modeling approximations, 
and modeling differences for the MPCs reported in the corresponding FSARs are applicable to 
the evaluations in this  chapter. The differences between models and drawings for the module are 
listed and discussed here. 
 

1. Minor penetrations in the body of the module (e.g. lift locations) are not modeled 
as these are small localized effects which will not affect the off-site dose rates. 

 
2. The MPC supports and guides were conservatively neglected. The bottom 

pedestal was also neglected in the MCNP model.   
 
3. The inlet plenum support plates and inlet plenum corner gussets were not included 

in the model. 
 
4. The insulation installed on the divider shell was conservatively modeled as a void. 
 
5. The cavities representing the optional ICCPS tube and the empty VVM are 

modeled as empty volumes surrounded by soil, i.e. any steel liner or other 
material in these areas, or any covers that would be located on top of those 
cavities, are conservatively neglected 

 
6. The air inlets at the bottom of the divider shell were not modeled. This has 

negligible effect as most of the radiation is emanating from the top and side of the 
MPC.  

 
7. The radius of the Closure Lid Upper Shield and the thickness of the Closure Lid 

Outer Shell are modeled as 53.625” and 1”, while the actual dimensions are 
54.125” and 0.5”, respectively. The effect of the deviation on the dose rates is 
minimal since streaming through the inlet and outlet vents is the dominating 
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contributor to the dose rates. Also, the total thickness of the shielding materials is 
not changed. The actual dimensions will be considered for the site specific 
calculations. 

 
8. The concrete density of the SFP used in the model is 2.3 g/cm3, which is more 

than the actual concrete density; however, the impact on the dose rate is 
insignificant.  The concrete density of 2.4 g/cm3 is used in the shielding analysis 
for part of the ISFSI Pad (the soil density of 1.7 g/cm3 (106 lb/ft3) is used for the 
remainder of the ISFSI Pad).  This concrete density may be more than the actual 
density of the soil/concrete of the ISFSI Pad.  The actual density will be 
considered for the site specific calculations.  

 
5.3.1 Fuel Configuration 
 
The active fuel region is modeled as a homogenous zone. Calculations were performed for the 
HI-STORM 100 [5.0.2] to determine the acceptability of homogenizing the fuel assembly versus 
explicit modeling. Based on these calculations it was concluded that it is acceptable to 
homogenize the fuel assembly without loss of accuracy. The width of the PWR homogenized 
fuel assembly is equal to 17 times the pitch. The end fittings and the plenum regions are also 
modeled as homogenous regions of steel. The masses of steel used in these regions are shown in 
Table 5.2.1. The axial description of the design basis fuel assemblies is provided in Table 5.3.1.  
 
5.3.2 Regional Densities 
 
Composition and densities of the various materials used in the HI-STORM UMAX system for 
shielding analyses are given in Table 5.3.2. All of the materials and their actual geometries are 
represented in the MCNP model. 
 
5.3.3 HI-STORM UMAX Optional Features  
 
The HI-STORM UMAX system utilizes some items with optional specifications, based on site 
specific projects. Table 5.3.3 provides material and thickness of these items, as used in the 
shielding analyses. As stated in Subsection 5.1.1, site specific chosen options will be considered 
in performing site specific shielding calculations to show the compliance with the regulatory 
limits. 
 
Also, to further reduce the occupational and site boundary dose rates, an optional divider shell 
shield ring (attached to the divider shell) can be implemented. The drawings provided in 
Chapter 1 give more information about this shield ring specification. The results presented in this 
chapter are for the cases without this shield ring. However, in site specific dose evaluations, this 
shield ring may be credited if it is used. 
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Table 5.3.1 
 

DESCRIPTION OF THE AXIAL MCNP MODEL OF THE FUEL ASSEMBLIES† 

Region Start (in.) Finish (in.) Length (in.) Actual 
Material 

Modeled 
Material 

PWR 

Lower End Fitting 0.0 2.738 2.738 SS304 SS304 

Space 2.738 3.738 1.0 zircaloy void 

Fuel 3.738 147.738 144.0 fuel & zircaloy fuel & zircaloy 

Gas Plenum Springs 147.738 151.916 4.178 SS304 & 
inconel 

SS304 

Gas Plenum Spacer 151.916 156.095 4.179 SS304 & 
inconel 

SS304 

Upper End Fitting 156.095 159.765 3.670 SS304 & 
inconel 

SS304 

                                                 
† All dimensions start at the bottom of the fuel assembly.  The length of the fuel shims 

must be added to the distances to determine the distance from the top of the MPC 
baseplate.  
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Table 5.3.2  
 

COMPOSITION OF THE MATERIALS IN THE HI-STORM FW SYSTEM 

Component Density (g/cm3) Elements Mass Fraction (%) 

Metamic 2.642 B-10 4.388 

B-11 20.436 

Al 68.275 

C 6.901 

Metamic-HT [PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390] 

Carbon steel 7.82 Fe 99.0 

C 1.0 

SS304 7.94 Cr 19.0 

Mn 2.0 

Fe 69.5 

Ni 9.5 

Concrete 2.4 (150 lb/ft3) 
(See Note 1) 

O 53.2 

Si 33.7 

Ca 4.4 

Al 3.4 

Na 2.9 

Fe 1.4 

H 1.0 

Soil 1.7 H 0.962 

O 54.361 

Al 12.859 

Si 31.818 

 
Note 1:  The concrete density may be less than the value indicated here, as discussed in Section 
5.3. 
 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001497

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-6, Page 153 of 301
(1526 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

5-29 
 

Table 5.3.2 (continued) 
 
 COMPOSITION OF THE MATERIALS IN THE HI-STORM FW SYSTEM 

Component Density (g/cm3) Elements Mass Fraction (%) 

PWR Fuel 
Region 
Mixture 

3.769 
(5.0 wt% U-235) 

235U 3.709 

  238U 70.474 

  O 9.972 

  Zr 15.565 

  Cr 0.016 

  Fe 0.033 

  Sn 0.230 

Lower End 
Fitting 
(PWR) 

1.849 SS304 100 

Gas Plenum 
Springs 
(PWR) 

0.23626 SS304 100 

Gas Plenum 
Spacer 
(PWR) 

0.33559 SS304 100 

Upper End 
Fitting 
(PWR) 

1.8359 SS304 100 
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Table 5.3.3  

MATERIAL AND THICKNESS OF ITEMS WITH 
OPTIONAL SPECIFICATIONS, AS USED IN THE 

SHIELDING ANALYSES  

Part Name Material Thickness 
(inches) 

CEC Containment Shell Carbon steel 0.75 

CEC Base Plate Carbon Steel 1.5 (1) 

Inlet Plenum Bottom Plate Carbon steel 0.5 (1) 

Inlet Plenum Shell Carbon steel 0.5 (1) 

Divider Shell Carbon Steel 0.5 (1) 

Divider Shell Flange Carbon Steel  1 (1) 

Closure Lid Strongback Carbon steel 1 

Closure Lid Bottom Plate Carbon steel 1 

Closure Lid Outer Shell Carbon steel 1[2] 

Closure Lid Cover Plate Carbon steel 1 
Closure Lid Lower Shield 

Shell Carbon steel 0.5 

Closure Lid Lower Shield Top 
Plate Carbon steel 0.5 

Closure Lid Lower Shield 
Bottom Plate Carbon Steel 1 (1) 

 
Note 1: The thickness of the noted items is not an optional specification.  Thicknesses are defined in the 
HI-STORM UMAX drawings provided in Chapter 1. 
 

Note 2: See Bullet 7 in Section 5.3. 
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[PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 

2.390] 
 
 
 

FIGURE 5.3.1:  HI-STORM  UMAX MODULE CROSS SECTIONAL ELEVATION VIEW 
WITH MISSILE PENETRATION. (SKY COLOR REPRESENTS CONCRETE, PINK 

REPRESENTS SUBGRADE, ORANGE REPRESENTS AIR AND YELLOW REPRESENTS 
MPC) 
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[PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 2.390] 

 
 
 
 

FIGURE 5.3.2:  HI-STORM  UMAX MODULE CROSS SECTIONAL ELEVATION VIEW WITH DOSE POINT LOCATIONS
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5.4 SHIELDING EVALUATION 
 
Shielding analyses methodology applied to HI-STORM UMAX is identical with all the previous 
Holtec International’s licensing applications. The MCNP5 code was used for all of the shielding 
analyses [5.0.4]. MCNP is a continuous energy, three-dimensional, coupled neutron-photon-
electron Monte Carlo transport code. Continuous energy cross section data are represented with 
sufficient energy points to permit linear-linear interpolation between points. The individual cross 
section libraries used for each nuclide are those recommended by the MCNP manual. Cross 
section libraries are based on ENDF/B-V and ENDF/B-VI, except for Sn isotopes where the 
ENDL92 library is used, and uranium isotopes where LANL/T16 libraries are used. These are 
the default libraries for the MCNP code version used here [5.0.4]. MCNP has been extensively 
benchmarked against experimental data by the large user community. References [5.4.1], [5.4.2], 
and [5.4.3] are three examples of the benchmarking that has been performed.   
 
The energy distribution of the source term, as described earlier, is used explicitly in the MCNP 
model. A different MCNP calculation is performed for each of the three source terms (neutron, 
decay gamma, and 60Co). The axial distribution of the fuel source term is described in Table 
2.1.5 and Figures 2.1.3 and 2.1.4 of the HI-STORM FW FSAR [5.0.3]. The PWR and BWR 
axial burn-up distributions were obtained from References [5.4.4] and [5.4.5], respectively, and 
have previously been utilized in the HI-STORM FSAR [5.0.2]. These axial distributions were 
obtained from operating plants and are representative of PWR and BWR fuel with burnups 
greater than 30,000 MWD/MTU. The 60Co source in the hardware was assumed to be uniformly 
distributed over the appropriate regions.  
 
It has been shown that the neutron source strength varies as the burnup level raised by the power 
of 4.2. Since this relationship is non-linear and since the burnup in the axial center of a fuel 
assembly is greater than the average burnup, the neutron source strength in the axial center of the 
assembly is greater than the relative burnup times the average neutron source strength. In order 
to account for this effect, the neutron source strength in each of the 10 axial nodes listed in Table 
2.1.5 in [5.0.3] was determined by multiplying the average source strength by the relative burnup 
level raised to the power of 4.2. The peak relative burnups listed in Table 2.1.5, loc. cit., for the 
PWR fuel is 1.105. By employing  the power of 4.2 relationship, the neutron source strength in 
the peak nodes for the PWR fuel increases by 37.6% (1.1054.2/1.105). The total neutron source 
strength increases by 15.6%. 
 
MCNP was used to calculate doses at the various desired locations. MCNP calculates neutron or 
photon flux and these values can be converted into dose by the use of dose response functions. 
This is done internally in MCNP and the dose response functions are listed in the input file in 
Appendix 5.A. The response functions used in these calculations are listed in Table 5.4.1 and 
were taken from ANSI/ANS 6.1.1, 1977 [5.4.6].  
 
The dose rates at the various locations were calculated with MCNP using a two-step process. The 
first step was to calculate the dose rate for each dose location per starting particle for each 
neutron and gamma group in each basket region for each axial and azimuthal dose location. The 
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second step is to multiply the dose rate per starting particle for each energy group and basket 
location (i.e., tally output/quantity) by the source strength (i.e., particles/sec) in that group and 
sum the resulting dose rates for all groups and basket locations in each dose location. The 
normalization of these results and calculation of the total dose rate from neutrons, fuel gammas 
or Co-60 gammas is performed with the following equation. 
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,                (Equation 5.4.1) 

 
where, 
 
Tfinal = Final dose rate (rem/h) from neutrons, fuel gammas, or Co-60 
N = Number of groups (neutrons, fuel gammas) or Number of axial sections (Co-60 gammas) 
M = Number of regions in the basket 
Ti,j = Tally quantity from particles originating in MCNP in group/section i and region j 
(rem/h)(particles/sec) 
Fi,j = Fuel Assembly source strength in group i and region j (particles/sec) 
Fmi = Source fraction used in MCNP for group i 
 
Note that dividing by Fmi (normalization) is necessary to account for the number of MCNP 
particles that actually start in group i. Also note that Ti is already multiplied by a dose conversion 
factor in MCNP.  
 
The standard deviations of the various results were statistically combined to determine the 
standard deviation of the total dose in each dose location. The estimated variance of the total 
dose rate, S2

total, is the sum of the estimated variances of the individual dose rates S2
i. The 

estimated total dose rate, estimated variance, and relative error [5.0.4] are derived according to 
Equations 5.4.2 through 5.4.5.  
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where, 
i = tally component index 
n = total number of components 
TTotal = total estimated tally 
Ti = tally i component 
S2

Total = total estimated variance 
S2

i = variance of the i component 
Ri = relative error of the i component 
RTotal = total estimated relative error 
 
Note that the two-step approach outlined above allows the accurate consideration of the neutron 
and gamma source spectrum, and the location of the individual assemblies, since the tallies are 
calculated in MCNP as a function of the starting energy group and the assembly location, and 
then in the second step multiplied with the source strength in each group in each location. It is 
therefore equivalent to a one-step calculation where source terms are directly specified in the 
MCNP input files, except for the following approximations: 
 

• Fuel is modeled as fresh UO2 fuel (rather than spent fuel) in MCNP, with an upper bound 
(5%) enrichment. 

• The axial burnup profile is modeled by assigning a source probability to each of the 10 
axial sections of the active region, based on a representative axial burnup profile [5.0.2]. 
For fuel gammas, the probability is proportional to the burnup, since the gamma source 
strength changes essentially linearly with burnup. For neutrons, the probability is 
proportional to the burnup raised to the power of 4.2, since the neutron source strength is 
proportional to the burnup raised to about that power [5.4.7]. This is a standard approach 
that has been previously used in the licensing calculations for the HI-STAR cask models 
[5.4.8] and [5.4.9] and HI-STORM overpack models [5.0.2] and [5.0.3]. 

 
Tables 5.1.1 and 5.1.2 provide dose rates adjacent to and at 1 meter distance from the HI-
STORM UMAX module during normal conditions for the MPC-32 and MPC-37, respectively. 
Table 5.1.3 provides the annual dose at 100 meters from a HI-STORM UMAX module for the 
MPC-32 and MPC-37 including the contribution from BPRAs. These results clearly demonstrate 
that the off-site dose from a HI-STORM UMAX is a small fraction of the off-site dose from the 
aboveground HI-STORM systems. In addition, Table 5.1.4 presents the dose for the accident 
condition caused by an impact of tornado borne missile on the radiation protection space 
boundary.  
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Soil is used to represent Self-hardening Engineering Subgrade in the models between the 
modules, with a composition and density shown in Table 5.3.2, representing typical soil 
conditions [5.4.10]. This is conservative, since the areas between and around the modules would 
contain engineered fill with a typical density higher than soil. Furthermore, the dose rates around 
the VVM are dominated by the streaming through the inlet and outlet vents, and not by direct 
radiation through the soil and concrete. To substantiate this, a complete dose rate profile across 
the lid and the ISFSI pad was determined. For the ISFSI pad, two conditions were evaluated, the 
normal condition and a condition where the streaming from the inlets and outlets were artificially 
blocked. For this second condition, dose rates were also calculated at a distance of 100 m from 
the VVM. This would indicate what portion of the dose rate results from direct radiation through 
the concrete and soil of the ISFSI pad as opposed to radiation from the streaming from the air 
inlet and outlet. The dose locations for the profile are shown in Figure 5.3.2, and are labeled 
alphabetically (A through X). The calculated dose rates are listed in Tables 5.4.2 and 5.4.3 for 
MPC-32 and MPC-37, respectively. The following conclusions can be drawn from the results:  
 

• The profile did not reveal any locations with dose rates higher than those shown in Figure 
5.1.1 and Tables 5.1.1 and 5.1.2. 

• On the ISFSI pad, the dose rates are fairly low compared to other areas. 
• At a distance of 100 m, the dose rate from the ISFSI pad surface contributes about 20% 

of the total dose rate. 
 
It is to be noted that site specific analyses to demonstrate compliance with regulatory 
requirements should use appropriate site specific soil properties if these are substantially 
different from the properties used in this chapter. 
 
The highest dose rate is observed for the side of the closure lid just above the inlet plenum zone. 
To investigate the effect of any streaming from the inlet plenum region, additional calculations 
were performed for dose locations above the plenum at various radial locations, on the level of 
dose point 2. Table 5.4.5 presents the calculated dose rates for those locations, as a function of 
the radial distance from dose location 2, for the MPC-37.  The results show that the maximum 
dose rate occurs at a distance of about 4 feet from the surface point 2. This information should be 
used by the radiation protection team to ensure operational activities around the lid following 
ALARA principles. 
 
 
5.4.1 Excavation Dose Analysis 
 
ISFSIs with HI-STORM UMAX VVMs might be built in one stage or in several stages. If the 
ISFSI is built in several stages, then excavation work will be necessary in the vicinity of the 
section of the ISFSI that is already in operation and contains loaded modules. To protect workers 
from radiation from the loaded modules, a radiation protection space (RPS) boundary is defined 
around the ISFSI in the drawing in Section 1.5. The RPS boundary is placed so that in a radial 
direction, a minimum of 10.75 ft of engineered fill remains between the construction site and the 
closest loaded module. For a loaded module on the periphery of the ISFSI, this places the 
boundary at least 15 ft from the center of the module. For a loaded module not on the periphery 
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of the ISFSI, this places the boundary at least 22 feet from the center of the module. Calculations 
were conservatively performed with the 6.5 ft remaining fill (soil is used in the model) around a 
loaded VVM instead of the 10.75 ft required by the RPS. The dose rates at the surface of the 
excavation are presented in table 5.4.4 for both MPC-32 and MPC-37. This dose rate is very low, 
specifically lower than the dose rates at 1 m from the inlet/outlet vents of the modules. The dose 
rates at a construction site might therefore be dominated by the dose rates from the inlet/outlet 
vents, and depending on the loading condition of the operating part of the ISFSI, temporary 
shielding might be used to reduce dose rates to the construction site. It is to be noted that 6.5 feet 
of soil is considered for this purpose without any concrete enclosure wall. 
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Table 5.4.1 
 

FLUX-TO-DOSE CONVERSION FACTORS 
(FROM [5.4.6]) 

Gamma Energy 
(MeV) 

(rem/hr)/ 
(photon/cm2-s) 

0.01 3.96E-06 

0.03 5.82E-07 

0.05 2.90E-07 

0.07 2.58E-07 

0.1 2.83E-07 

0.15 3.79E-07 

0.2 5.01E-07 

0.25 6.31E-07 

0.3 7.59E-07 

0.35 8.78E-07 

0.4 9.85E-07 

0.45 1.08E-06 

0.5 1.17E-06 

0.55 1.27E-06 

0.6 1.36E-06 

0.65 1.44E-06 

0.7 1.52E-06 

0.8 1.68E-06 

1.0 1.98E-06 

1.4 2.51E-06 

1.8 2.99E-06 

2.2 3.42E-06 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001507

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-6, Page 163 of 301
(1536 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

5-39 
 

Table 5.4.1 (continued) 
 

FLUX-TO-DOSE CONVERSION FACTORS 
(FROM [5.4.6]) 

Gamma Energy 
(MeV) 

(rem/hr)/ 
(photon/cm2-s) 

2.6 3.82E-06 

2.8 4.01E-06 

3.25 4.41E-06 

3.75 4.83E-06 

4.25 5.23E-06 

4.75 5.60E-06 

5.0 5.80E-06 

5.25 6.01E-06 

5.75 6.37E-06 

6.25 6.74E-06 

6.75 7.11E-06 

7.5 7.66E-06 

9.0 8.77E-06 

11.0 1.03E-05 

13.0 1.18E-05 

15.0 1.33E-05 
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Table 5.4.1 (continued) 
 

FLUX-TO-DOSE CONVERSION FACTORS 
(FROM [5.4.6]) 

Neutron Energy (MeV) Quality Factor (rem/hr)†/(n/cm2-s) 

2.5E-8 2.0 3.67E-6 

1.0E-7 2.0 3.67E-6 

1.0E-6 2.0 4.46E-6 

1.0E-5 2.0 4.54E-6 

1.0E-4 2.0 4.18E-6 

1.0E-3 2.0 3.76E-6 

1.0E-2 2.5 3.56E-6 

0.1 7.5 2.17E-5 

0.5 11.0 9.26E-5 

1.0 11.0 1.32E-4 

2.5 9.0 1.25E-4 

5.0 8.0 1.56E-4 

7.0 7.0 1.47E-4 

10.0 6.5 1.47E-4 

14.0 7.5 2.08E-4 

20.0 8.0 2.27E-4 

                                                 
† Includes the Quality Factor. 
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Table 5.4.2 

 
DOSE RATES ADJACENT TO THE HI-STORM UMAX MODULE WITH MPC-32 AT 

DOSE LOCATIONS SHOWN IN FIGURE 5.3.2  
Dose 

Location†† 
Dose Rate  

(mrem/hr unless noted) 
Dose 

Location 
Dose Rate  

(mrem/hr unless noted) 

Inlet/Outlet 
Open 

Inlet/Outlet 
Artificially 

Closed 

Inlet/Outlet 
Open 

Inlet/Outlet 
Artificially 

Closed 

A 2.55 0.11 N 4.61 0.78 

B 1.91 0.11 O 8.56 1.90 

C 1.25 0.32 P 19.05 5.98 

D 1.49 0.28 Q 66.04 16.96 

E 1.67 0.32 R 1.44 0.31 

F 2.06 0.24 S 1.29 0.28 

G 3.10 0.23 T 1.18 0.28 

H 0.73 0.32 U 1.10 0.27 

I 0.36 0.16 V 1.03 0.26 

J 0.59 0.31 W 0.88 0.26 

K 0.92 0.49 X 0.80 0.23 

L 0.52 0.37 Y 8.58 
(mRem/year) 

1.58  
(mRem/year) M 0.47 0.22 

 

                                                 
†† See Figure 5.3.2 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001510

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-6, Page 166 of 301
(1539 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

5-42 
 

Table 5.4.3 
 

DOSE RATES ADJACENT TO THE HI-STORM UMAX MODULE WITH MPC-37 AT 
DOSE LOCATIONS SHOWN IN FIGURE 5.3.2  

Dose 
Location†† 

Dose Rate  
(mrem/hr unless noted) 

Dose 
Location 

Dose Rate  
(mrem/hr unless noted) 

Inlet/Outlet 
Open 

Inlet/Outlet 
Artificially 

Closed 

Inlet/Outlet 
Open 

Inlet/Outlet 
Artificially 

Closed 

A 2.08 0.10 N 3.08 0.62 

B 1.52 0.09 O 5.24 1.50 

C 1.02 0.27 P 12.13 4.82 

D 1.15 0.24 Q 41.47 13.73 

E 1.42 0.22 R 1.01 0.26 

F 1.73 0.21 S 0.89 0.25 

G 2.35 0.20 T 0.78 0.24 

H 0.57 0.26 U 0.74 0.24 

I 0.29 0.11 V 0.66 0.22 

J 0.51 0.27 W 0.63 0.20 

K 0.85 0.53 X 0.55 0.21 

L 0.38 0.32 Y 5.96 
mrem/year 

1.31 
(mrem/year) M 0.34 0.18 

                                                 
†† See Figure 5.3.2 
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Table 5.4.4 
 

MAXIMUM DOSE RATES ON THE SURFACE OF THE 
RADIATION PROTECTION SPACE BOUNDARY 

MPC-32 
(mrem/hr) 

MPC-37 
(mrem/hr) 

0.062 0.065 
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Table 5.4.5 

 
DOSE RATE VALUES FOR LOCATIONS AT RADIAL DISTANCES 

FROM SURFACE LOCATION 2  FOR HI-STORM UMAX WITH MPC-37 
Radial Distance from Surface 

Location 2 
(cm) 

Neutrons 
(mrem/hr) 

Photons§§§ 

(mrem/hr) 
Total 

(mrem/hr) 

61 0.12 0.32 0.44 

100 1.53 3.39 4.92 

130 2.55 7.09 9.64 

161 1.47 4.28 5.75 

191 0.95 3.15 4.10 

222 0.63 2.51 3.14 

252 0.45 2.15 2.60 

283 0.33 1.64 1.97 

                                                 
§§§ Photon dose rates include dose rates from fuel gammas, n-gamma reactions and Co-60 
sources. In addition, BPRAs are included in the photon dose rate. 
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5.5  REGULATORY COMPLIANCE 
 
Chapters 1, 2 and this chapter of this FSAR describe in detail the shielding structures, systems, 
and components (SSCs) important-to-safety. 
 
The shielding-significant SSCs important-to-safety have been evaluated in this chapter and their 
impact on personnel and public health and safety resulting from operation of an independent 
spent fuel storage installation (ISFSI) utilizing the HI-STORM UMAX System has also been 
evaluated. 
 
In summary it can be concluded that the shielding of the HI-STORM UMAX System is in 
compliance with 10CFR72 and satisfies the applicable design and acceptance criteria including 
10CFR20. Thus, this shielding evaluation provides reasonable assurance that the HI-STORM 
UMAX system will allow safe storage of spent fuel in full conformance with 10CFR72. 
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APPENDIX 5.A 
 

SAMPLE INPUT FILE FOR MCNP 
 

[PROPRIETARY INFORMATION WITHHELD IN ACCORDANCE WITH 10 CFR 
2.390] 
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CHAPTER 6: CRITICALITY EVALUATION  
  

6.0 INTRODUCTION 
 
This chapter discusses the criticality safety of the HI-STORM UMAX system. Criticality safety 
depends foremost on the MPC and fuel basket, and the MPC content. Those are identical 
between the HI-STORM UMAX and the HI-STORM FW. Criticality safety of the HI-STORM 
UMAX is therefore demonstrated in this chapter by reference to criticality evaluations 
documented in Chapter 6 of the HI-STORM FW FSAR [2.0.1], with appropriate recognition of 
the differences in the overpack configuration. As noted in other chapters, Revision 3 of the HI-
STORM FW FSAR has been added to this docket to eliminate the need to consult the HI-
STORM FW FSAR in another docket. 

 
6.1 ACCEPTANCE CRITERIA 
 
The acceptance criteria for criticality evaluations for the HI-STORM UMAX system are 
presented in Subsection 2.0 of this FSAR. 
 
6.2 EVALUATION 
 
During storage conditions in the HI-STORM UMAX system, the maximum keff will be 
significantly below the limiting maximum keff since the MPC is internally dry. Under this 
condition, the configuration is very similar in all HI-STORM models, which consists of an 
internally dry MPC, an air gap between the MPC and the overpack, a steel shell or shells and 
concrete (above-ground) or soil (underground). Results for the HI-STORM UMAX VVM would 
therefore be practically identical to the results listed for storage conditions in Chapter 6 of the 
HI-STORM FW FSAR [2.0.1]. Any small differences in results would not affect the principal 
conclusions, since the maximum keff under storage conditions (dry inert environment) is 
substantially below the regulatory limit. Note that the analysis for the MPCs in the HI-STORM 
documented in Chapter 6 of the HI-STORM FW FSAR [2.0.1] conservatively assume that the 
gap between the MPC and the HI-STORM is flooded with water, thus increasing the neutron 
reflection compared to a dry cavity [2.0.1, Section 6.1]. Flooding under accident conditions of 
the UMAX is therefore also covered by the calculations for the HI-STORM FW. All other 
normal, off-normal and accident conditions in the HI-STORM UMAX system are identical to 
those in the HI-STORM FW, since the MPCs, including content, and HI-TRAC are identical 
between the two systems. 
 
In summary, the limiting condition for storage of MPCs in HI-STORM UMAX is identical to the 
limiting conditions for the HI-STORM FW from a criticality perspective, and all other normal, 
off-normal and accident conditions are identical or equivalent between the systems from a 
criticality perspective. All results and conclusions for criticality safety of the MPCs previously 
analyzed in Chapter 6 of the HI-STORM FW FSAR [2.0.1] remain applicable to the HI-STORM 
UMAX system, and no additional calculations to demonstrate criticality safety are required for 
the HI-STORM UMAX system. 
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CHAPTER 7: CONFINEMENT EVALUATION 
 
 
7.0 INTRODUCTION 
 
This chapter discusses the confinement safety of the HI-STORM UMAX System. Confinement 
of all radioactive materials in the HI-STORM UMAX system is provided by the MPC. MPCs are 
identical between the HI-STORM UMAX and the HI-STORM FW. All normal, off-normal and 
accident conditions relevant for confinement are identical between the HI-STORM UMAX and 
the HI-STORM FW, and there are no new conditions for the HI-STORM UMAX system that 
would require additional confinement analyses. Confinement safety of the HI-STORM UMAX is 
therefore demonstrated in this chapter by reference to confinement evaluations documented in 
Chapter 7 of the HI-STORM FW [2.0.1], with appropriate recognition of the differences in the 
overpack configuration. For ease of reference, the entire body of Revision 3 of the HI-STORM 
FW FSAR has been placed in this docket. 
 
 
7.1 ACCEPTANCE CRITERIA 
 
The acceptance criteria for confinement evaluations for the HI-STORM UMAX system are 
presented in Chapter 2 of this FSAR. 
 
7.2 EVALUATION 
 
The MPCs will be stored in the HI-STORM UMAX VVM in a passive state just as they are 
stored in the above ground overpacks described in the HI-STORM FW FSAR. Furthermore, as 
shown in Chapter 4, the temperature field in the MPC is engineered to be bounded by that 
determined in the HI-STORM FW FSAR. Therefore, the stress levels in the MPC pressure 
retaining boundary will be bounded by that in its certification basis value in the HI-STORM FW 
FSAR which leads to the axiomatic conclusion that the confinement integrity determinations 
reached in the HI-STORM FW MPC’s also apply to storage in HI-STORM UMAX.  
 
In summary, the storage configuration of MPCs in HI-STORM UMAX is identical to the storage 
configuration in the HI-STORM FW from a confinement perspective. Therefore, all descriptions 
and conclusions for the confinement system presented in Chapter 7 of the HI-STORM FW 
[2.0.1] remain applicable to the HI-STORM UMAX system, and no additional confinement 
evaluations are required for the HI-STORM UMAX system. 
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CHAPTER 8: MATERIAL EVALUATION 
 
 
8.1 INTRODUCTION 
 
This chapter presents an assessment of the materials selected for use in the HI-STORM UMAX 
system components identified in the licensing drawings in Section 1.5. The assessment of the 
materials selected for use in the MPC and HI-TRAC (i.e., components common to HI-STORM 
UMAX system and the previously licensed HI-STORM FW system) is provided in Chapter 8 of 
the HI-STORM FW FSAR. Material considerations pertaining to the components common to the 
"FW" and the "UMAX" systems, are referenced in this FSAR, as appropriate, to the HI-STORM 
FW FSAR. To facilitate convenient access to the referenced material, the latest edition of the HI-
STORM FW FSAR has been placed in this docket and a list of “FW” FSAR sections germane to 
this chapter is provided in the (unnumbered) table below.   
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APPLICABLE SECTIONS OF HI-STORM FW FSAR 

Location 
of 

UMAX 
FSAR 

Subject of the Reference Location in HI-
STORM FW FSAR, 

Revision 3* 

Section 
8.1 

Material evaluation for use in the 
MPCs and HI-TRAC 

Paragraph 8.2.1.2, 
8.2.1.2.i and 

8.2.1.2.iii 

Table 
8.1.1 

Performance of materials used in the 
MPC and HI-TRAC for short term 

operations 

Table 8.1.1 and 8.1.3 

Table 
8.1.4 

Failure and degradation mechanisms 
related to the performance of 

materials used in the MPCs and  HI-
TRAC for short term and storage 

operations 

Table 8.1.4 

Paragraph 
8.2.1.2.iv 

Material selection evaluation of 
austenitic stainless steel 

Paragraph 8.2.1.2.i 

Section 
8.4 

Material Properties for MPCs and 
HI-TRAC 

Paragraph 8.4.4.1 

Section 
8.5 

Welding material and welding 
specification for MPC and HI-TRAC 

Section 8.5 

Section 
8.7 

Coatings and corrosion mitigation 
techniques for MPC and HI-TRAC 

Sub-Section 8.7.2 
and 8.7.3 

Section 
8.8 

Gamma and neutron shielding 
materials used in HI-TRAC 

Section 8.8 

Section 
8.9 

Neutron Absorbing Materials Section 8.9 

Section 
8.10 

Seals for the HI-TRAC bottom lid Section 8.11 

                                                 
* For convenience of reference, the specific revision of the HI-STORM FW FSAR that is referenced in the safety 
analysis herein is placed in this docket. Updated versions of the HI-STORM FW FSAR shall be placed in this 
docket as necessary so as to ensure that the safety analyses on the “UMAX” docket (72-1040) remain aligned with 
the material referenced in the HI-STORM FW FSAR. 
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Section 
8.11 

Chemical and galvanic reactions 
related to the MPC and HI-TRAC 

Section 8.12 

 

Section 
8.12 

Fuel cladding integrity during short 
term operations 

Section 8.13 

Section 
8.13 

Examination and testing 
requirements for the MPC and HI-

TRAC 

Section 8.14.1 
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In this chapter and in Chapters 2 and 3 of this FSAR, the significant mechanical, thermal, 
radiological, and metallurgical properties of materials identified for use in the components of the 
HI-STORM UMAX System VVM and ISFSI are presented.  
 
The HI-STORM UMAX components must withstand the environmental conditions experienced 
during normal operation, off-normal conditions, and accident conditions for the entire service 
life. The major structural materials used in HI-STORM UMAX System are discussed in this 
chapter. 
 
Chapter 1 provides a general description of the HI-STORM UMAX System including 
information on materials of construction. The ITS categories of the principal materials of 
construction in the HI-STORM UMAX VVM and ISFSI system are identified in the drawing 
package provided in Section 1.5. 
 
The Materials selected for the HI-STORM UMAX VVM are the same as those used in its 
anatomically similar predecessor, HI-STORM 100U VVM, licensed in Docket number 72-1014, 
except the subgrade between the ISFSI pad and the Support Foundation Pad (SFP) which is 
labeled as Space A in Figure 2.4.4 is restricted to CLSM or lean concrete. Therefore, the material 
considerations for HI-STORM UMAX are substantially parallel to those for HI-STORM 100U. 

 
Nevertheless, for completeness, it is necessary that the material considerations applicable to HI-
STORM UMAX be independently evaluated for compliance with the ISG-15 [8.1.1] which 
contains the latest NRC position in this matter. The principal purpose of ISG-15 is to evaluate 
the dry cask storage system to ensure adequate material performance of components deemed to 
be important-to-safety at an independent spent fuel storage installation (ISFSI) under normal, 
off-normal, and accident conditions. Guidance on performing the safety evaluation of the 
materials is adopted directly from ISG-15. 
 
ISG-15 sets down the following general acceptance criteria for material evaluation: 
 
• The safety analysis report should describe all materials used for dry spent fuel storage 

components important-to-safety, and should consider the suitability of those materials for 
their intended functions in sufficient detail to evaluate their effectiveness in relation to all 
safety functions. 

 
• The dry spent fuel storage system should employ materials that are compatible with wet and 

dry spent fuel loading and unloading operations and facilities. These materials should not 
degrade to the extent that a safety concern is created. 

 
 

The information compiled in this chapter seeks to address the above acceptance criteria in full 
measure for the HI-STORM UMAX VVM and ISFSI. To perform the material suitability 
evaluation, it is necessary to characterize the following for each component: (i) the applicable 
environment, (ii) potential degradation modes and (iii) potential hazards to continued 
effectiveness of the selected material.  
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This FSAR seeks to qualify previously licensed MPCs (Table 1.2.1) in the HI-STORM FW 
docket for long-term storage in the HI-STORM UMAX modules 
 The information required to address the short-term operations for the MPC and HI-TRAC are 
contained in Chapter 10 of the HI-STORM FW FSAR.  The material evaluation effort, therefore, 
is directed towards the long-term storage and its consequences to the system’s continued safety. 
Tables 8.1.1 and 8.1.2 provide a summary of the environmental states, potential degradation 
modes, and hazards applicable to the HI-STORM UMAX modules. Table 2.6.2 provides a listing 
of permissible materials used in the HI-STORM UMAX system. Table 8.1.3 provides the listing 
of material types that are important to safety and are subject to the ambient environmental of an 
ISFSI. 
 
To provide a proper context for the subsequent evaluations, the potential degradation 
mechanisms applicable to the ventilated systems are summarized in Table 8.1.4. The degradation 
mechanisms listed in Table 8.1.4 are considered in the suitability evaluation presented in this 
chapter. 
 
The material evaluation presented in this chapter is intended to be complete, even though a’ 
priori conclusion of the adequacy of the materials can be made on the basis of the following 
facts: 

 
i. The materials used in HI-STORM UMAX VVM are identical to those used in the widely 

deployed HI-STORM 100 System (Docket No. 72-1014) [8.1.2] including its 
underground VVM denoted as HI-STORM 100U and the HI-STORM FW system 
(Docket number 72-1032) [8.1.3]. 

 
ii. The thermal environment in the HI-STORM UMAX system emulates other HI-STORM 

models in all respects. 
 

iii. The MPC transfer operations, described in Chapter 9 herein, are identical to those that 
have been practiced in the HI-STORM 100 system throughout the industry. 

 
The organization of technical information in this chapter mirrors the format and content of 
Chapter 8 in the HI-STORM FW FSAR and complies with the guidance in NUREG-1536 [8.1.4] 
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Table 8.1.1 
 

CONSIDERATIONS GERMANE TO  PERFORMANCE OF MATERIALS USED IN THE 
MPCs IN  LONG TERM STORAGE IN HI-STORM UMAX 

Consideration Environment 
Environment MPC’s internal environment is hot (≤ 752°F), 

inertized and dry. Temperature of the MPC 
internals cycles vary gradually due to changes 
in the environmental temperature. 

Potential degradation modes Corrosion of the external surfaces of the MPC 
(stress, corrosion, cracking, pitting, etc.). 

Potential hazards to effective performance Blockage of ventilation ducts under an extreme 
environmental phenomenon leading to a rapid 
heat-up of the MPC internals.  

 
Note that the considerations germane to the performance of materials used in the MPC and 
HI-TRAC for short term operations are addressed in Section 8.1 of the HI-STORM FW 
FSAR.
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Table 8.1.2 
 

 CONSIDERATIONS GERMANE TO THE HI-STORM UMAX VVM  
MATERIAL PERFORMANCE  

Consideration Performance Data 

Environment Cool ambient air is progressively (but 
marginally) heated as it flows up the annulus 
between the Divider Shell and the MPC 
heating the inside surface of the cask and 
cooling the outside surface of the MPC. The 
heated air has reduced relative humidity the 
warmer it gets. As a result, the bottom external 
surface of the Closure Lid is heated and the top 
external surfaces are in contact with ambient 
air, rain, and snow, as applicable. The exterior 
surfaces of the CEC are in contact with either 
engineered fill or concrete (concrete 
encasement or “free-flow “concrete ) and may 
be subjected to cathodic protection, as 
applicable. 

Potential degradation modes Peeling or perforation of surface preservatives 
on steel surfaces and corrosion of exposed steel 
surfaces.   

Potential hazards to effective performance Blockage of ducts by debris leading to 
overheating of the concrete in the overpack, 
scorching of the cask by proximate fire, 
lightning. 
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Table 8.1.3 
MATERIAL TYPES IN THE HI-STORM UMAX SYSTEM COMPONENTS EXPOSED TO 

THE LONG-TERM AMBIENT ENVIRONMENT 
 Material Type Components and Their Surfaces Exposed to Ambient 

Environment 
1. Low carbon steel • All surfaces of the closure lid  

• Internal surfaces of the CEC (expose to air) 
• External surfaces of the CEC (exposed to buffer 

concrete) or subgrade 
• Internal and External surfaces of the Divider shell 

2. Shielding concrete • The outside surface of the ISFSI pad 
3. Alloy X Austenitic Stainless 

Steel 
• External surfaces of the stored MPC 
• MPC Guides and MPC support surfaces inside the 

CEC. 
• Surfaces of the closure lid (optional per Section 1.5) 
• Internal surfaces of the CEC (optional per Section 1.5) 
• External surfaces of the CEC (optional per Section 

1.5) 
• Internal External surfaces of the Divider shell 

(optional per Section 1.5) 
4. Elastomeric Gasket • Closure Lid Seal 

• Divider Shell Seal 
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Table 8.1.4 
 

FAILURE AND DEGRADATION MECHANISMS* 
 Mechanism Area of Performance 

Affected 
Vulnerable Parts 

1. General Corrosion Structural capacity All carbon steel parts 
2. Stress Corrosion Cracking Structural Austenitic Stainless Steel 
3. Galling Equipment handling 

and deployment 
Threaded Fasteners 

4. Fatigue Structural Integrity Fuel Cladding & Bolting 
5. Brittle Fracture Structural Capacity Thick Steel Parts 
6. Boron Depletion Criticality Control Neutron Absorber 
 
Note that the failure and degradation mechanisms related to the performance of materials 
used in the MPC and HI-TRAC for short term and storage operations are addressed in 
Section 8.1 of the HI-STORM FW FSAR. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
* This table lists all potential (generic) mechanisms, whether they are credible for the HI-STORM UMAX 
System or not. The viability of each failure mechanism is discussed later in this chapter. 
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8.2 MATERIAL SELECTION 
 
The acceptance criteria for the materials subject to long-term storage conditions in HI-STORM 
UMAX are extracted from ISG-15[8.1.1] as follows: 
 

a. The material properties of a dry spent fuel storage component should meet its service 
requirements in the proposed cask system for the duration of the licensing period. 

 
b. The materials that comprise the dry spent fuel storage should maintain their physical and 

mechanical properties during all conditions of operations. The spent fuel should be 
readily retrievable without posing operational safety problems. 

 
c. Over the range of temperatures expected prior to and during the storage period, any 

ductile-to-brittle transition of the dry spent fuel storage materials, used for structural and 
nonstructural components, should be evaluated for its effects on safety. 

 
d. Dry spent fuel storage gamma shielding materials should not experience slumping or loss 

of shielding effectiveness to an extent that compromises safety. The shield should 
perform its intended function throughout the licensed service period.  

 
e. Dry spent fuel storage materials used for neutron absorption should be designed to 

perform their safety function. 
 

f. Dry spent fuel storage protective coatings should remain intact and adherent during all 
loading and unloading operations within wet or dry spent fuel facilities, and during long-
term storage. 

 
It is recognized that the qualification of the materials used in the MPC types and the HI-TRAC 
transfer cask is documented in Section 8.2 of the HI-STORM FW FSAR. The material selection 
opportunities for the HI-STORM UMAX system, therefore, are limited to the VVM module 
assembly components and the reinforced concrete structures that support or surround them. 
 
However, to obviate any new material qualification effort, the materials permitted for the HI-
STORM UMAX system are limited to those certified in other HI-STORM 100 and HI-STORM 
FW dockets. The material qualification information presented in this chapter is accordingly 
adopted from Docket Number 72-1032. 
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8.2.1  Structural Materials 
 
8.2.1.1  Cask Components and Their Constituent Materials 
 
The major structural material that is used in the HI-STORM UMAX VVM is steel. The concrete 
in the VVM Closure Lid does not play a major structural role but is present in large quantity for 
the main purpose of shielding. The major structural materials in the ISFSI structures are the 
concrete and rebars in the Support Foundation Pad, the ISFSI Pad, and the Self-hardening 
Engineered Subgrade (SES).   
 
8.2.1.2  Synopsis of Structural Materials 
 

i. Carbon Steel, Low-Alloy Steel 
 

Materials for the HI-STORM UMAX VVM are selected to preclude brittle fracture. Details 
of discussions are provided in Section 3.1 and Section 8.4, as applicable. The fracture 
toughness test requirements specified in Table 3.1.9 apply to the HI-STORM UMAX Closure 
Lid ferritic structural steels including any “significant-to-handling” (STH) parts of the 
Closure Lid. 

 
ii. Reinforced Concrete 

 
All reinforced concrete load bearing structures (concrete and rebar) in the HI-STORM 
UMAX ISFSI will conform to stress criteria of ACI-318(2005) [8.2.1]. Section 3.3 provides 
properties for reinforced concrete to be used for the HI-STORM UMAX interfacing ISFSI 
structures. The service life of the ISFSI structures is specified to be the same as that of the 
HI-STORM UMAX VVM. 

 
iii. Self-hardening Engineered Subgrade 
 
The SES material (i.e., lean concrete or CLSM) used in the HI-STORM UMAX ISFSI will 
conform to the stress criteria of ACI-318(2005) or ACI-229(1999).  Tables 2.3.2 and 3.3.4 
provide the critical properties for the SES material used for HI-STORM UMAX ISFSI safety 
analyses. In the interest of a reliably robust design and long service life, additional 
performance properties of CLSM are listed in table below.  The service life for the SES is the 
same as that of the VVM and ISFSI reinforced concrete.  
 
iv. Austenitic Stainless Steel 
 
Austenitic stainless steel may be used for certain components of the HI-STORM UMAX 
VVM. Chapter 3 provides the structural evaluation for the HI-STORM UMAX VVM using 
the governing structural materials. Since stainless steel materials do not undergo a ductile-to-
brittle transition in the minimum permissible service temperature range of the HI-STORM 
UMAX System, brittle fracture is not a concern for stainless steel components. It is 
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recognized that austenitic stainless steels are qualified for use with other HI-STORM UMAX 
System components (namely Alloy X for the MPC) by the HI-STORM FW FSAR. 
 
 
 
 
 
 

 
Additional CLSM Performance Properties* 

Performance 
Property 

Test Property Nominal Value 

Corrosive Resistance 
pH  

Resistivity 
Permeability 

7.5 – 11.5 
> 279000 ohm-cm 

< 10-5 cm/sec 
Flowability Flow 6” – 8” (ASTM D 6103) 

Excavatability Unconfined Compressive Strength 
Not excavatable since 

compressive strength is 
greater than 300 psi 

Permeability Water Permeability < 10-5 cm/sec 
Strength Penetration Resistance > 650 

Acidity/Alkalinity pH 7.5 – 11.5 
Note: * These properties are not used in HI-STORM UMAX safety analyses; nominal 
values obtained from References [8.2.3], [8.2.4], and [8.2.5] are tabulated for information 
only. 

  

Chapter 3 discusses the structural evaluations of the HI-STORM UMAX System components 
and ISFSI structures. It is demonstrated that the structural steel components of the HI-STORM 
UMAX VVM and the SFP concrete meet the allowable stress limits for normal, off-normal, and 
accident loading conditions as applicable.  The analyses documented in Chapter 3 also 
demonstrate that the SES remains stable under the Design Basis Earthquake condition and 
provides sufficient protection to the stored MPC even if any side of the self hardening sub-grade 
(SES ) is fully exposed during  excavation for ISFSI expansion. 
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8.2.2  Non-Structural Materials 
 

i. Plain Concrete 
 

Plain concrete is specified for the VVM Closure Lid for its shielding properties and also as 
an encasement around the exterior of the VVM CEC shell, if required, for its corrosion 
mitigation properties. Lean concrete (plain concrete with a lower cement ratio and hence 
lower compressive strength) is also specified as a suitable material for the structural subgrade 
below the ISFSI pad. The requirements on the shielding concrete are specified in Table 2.3.2 
in Chapter 2. 
 
The shielding performance of the plain concrete is maintained by ensuring that the minimum 
concrete density is met during construction and the allowable concrete temperature limits are 
not exceeded. The thermal analyses for normal and off-normal conditions are carried out in 
this FSAR to insure that the plain concrete does not exceed the allowable long term 
temperature limit provided in Table 2.3.7. 

 
ii. Insulation 

 
The Divider Shell is lined with insulation on its outer surface to prevent excessive heating of 
the ISFSI pad. The insulation selected shall be suitable for high temperature and high 
humidity operation and shall be foil faced, jacketed, or otherwise made water-resistant to 
ensure the required thermal resistance is maintained in accordance with Chapter 4. The high 
zinc content present in the coating of the Divider Shell provides protection for the jacketing 
or foil from the potential of galvanic corrosion. To ensure adequate radiation resistance, the 
insulation blanket does not contain any organic binders. The damage threshold for ceramics 
is known to be approximately 1x1010 Rads. Chloride corrosion is not a concern since chloride 
leachables are limited and sufficiently low. Stress corrosion cracking of the foil or jacketing, 
whether made from stainless steel or other material, is not an applicable corrosion 
mechanism due to minimal stresses derived from self-weight. The foil or jacketing and 
attachment hardware shall either have sufficient corrosion resistance (e.g., stainless steel, 
aluminum, or galvanized steel) or shall be protected with a suitable surface preservative. The 
insulation is adequately secured to prevent blockage of the ventilation passages in case of 
failure of a single attachment (strap, clamp, bolt or other attachment hardware). The 
following table provides the acceptance criteria for the selection of insulation material for the 
VVM assembly and ranks them in order of importance. 
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Acceptance Criteria for the Selection of the Insulation Material 

Rank Criteria 
1 Adequate thermal resistance (See Table 4.1.1) 
2 Adequate high temperature resistance (See Table 2.3.7) 
3 Adequate humidity resistance 
4 Adequate radiation resistance 
5 Adequate resistance to the ambient environment 
6 Sufficiently low chloride leachables 
7 Adequate integrity and resistance to degradation and corrosion during 

long-term storage 
 

Kaowool® ceramic fiber insulation [8.2.2] is selected as one that satisfies the acceptance 
criteria to the maximum degree. The Kaowool® insulation material provides excellent 
resistance to chemical attack and is not degraded by oil or water. Alternatively, a Holtec-
approved equivalent that meets the above acceptance criteria may be used. 
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8.2.3  Critical Characteristics and Equivalent Materials* 
 
As defined in the Glossary, the critical characteristics of a material are the properties 
that the material must possess to enable the part in which it is used to render its 
intended design function. However, material designations adopted by the International 
Standards Organization (ISO) also affect the type of steels and steel alloys available 
from suppliers around the world. Therefore, it is necessary to provide for the ability in 
this FSAR to substitute materials with equivalent materials in the manufacture of the 
equipment governed by this FSAR. 
 
As defined in this FSAR, the term “Equivalent Material” has a specific meaning: 
Equivalent materials are those that can be substituted for each other without adversely 
affecting the safety function of the SSC (system, structure, and component) in which the 
substitution is made. Substitution by an equivalent material can be made after the 
equivalence in accordance with the provisions of this FSAR has been established. 
 
The concept of equivalent materials explained above has been previously used in the 
HI-STORM 100 FSAR [8.1.2] to qualify four different austenitic stainless steel alloys 
(ASME SA240 Types 304, 304LN, 316, and 316LN) to serve as candidate MPC 
materials. 
 
The equivalence of materials is directly tied to the notion of critical characteristics. A 
critical characteristic of a material is a material property whose value must be specified 
and controlled to ensure an SSC will render its intended function. The numerical value 
of the critical characteristic invariably enters in the safety evaluation of an SSC and 
therefore its range must be guaranteed. To ensure that the safety calculation is not 
adversely affected, properties such as Yield Strength, Ultimate Strength, and Elongation 
must be specified as minimum guaranteed values. However, there are certain 
properties where both minimum and maximum acceptable values are required (in this 
category lies specific gravity and thermal expansion coefficients). 
 
Table 8.2.1 lists the array of properties typically required in safety evaluation of an SSC 
in dry storage and transport applications. The required value of each applicable 
property, guided by the safety evaluation needs, defines the critical characteristics of 
the material. The subset of applicable properties for a material depends on the role 
played by the material. The role of a material in the SSC is divided into three categories: 
  

                                                 
* Materials in this section have been adapted from HI-STORM FW FSAR and therefore in Arial font [8.1.3] 
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Type Technical Area of Applicability 
S Those needed to ensure structural compliance 
T Those needed to ensure thermal compliance (temperature limits) 
R Those needed to ensure radiation compliance (criticality and 

shielding) 
 
The properties listed in Table 8.2.1 are the ones that may apply in a dry storage or 
transport application. 
 
The following procedure shall be used to establish acceptable equivalent materials for a 
particular application: 
 
Criterion i:  Functional Adequacy: 

Evaluate the guaranteed critical characteristics of the equivalent material 
against the values required to be used in safety evaluations. The required 
values of each critical characteristic must be met by the minimum (or 
maximum) guaranteed values (MGVs of the selected material). 

 
Criterion ii: Chemical and Environmental Compliance: 

Perform the necessary evaluations and analyes to ensure the candidate 
material will not excessively corrode or otherwise degrade in the operating 
environment. 

 
 A material from another designation regime that meets Criteria (i) and (ii) above is    
deemed to be an acceptable material, and hence, equivalent to the candidate material.  
For ITS materials used with the HI-STORM UMAX VVM, recourse to equivalent materials 
shall be made only  if the designated material in this FSAR is not readily available or the 
use of another equivalent material is deemed to produce a desirable outcome such as 
improvement in fabricability, absence of lamination, tolerance adherence, etc. An 
example of an acceptable substitution is replacing carbon steel plate stock (A515 Gr. 70 
or 516 Gr. 70) with forging (A105 or A350 LF-2).  
 
As can be ascertained from its definition in the glossary, the critical characteristics of the 
material used in a subcomponent depend on its function. The Closure Lid, for example, 
serves as a shielding device and as a physical barrier to protect the MPC against 
loadings under all service conditions, including the Extreme Environmental phenomena. 
Therefore, the critical characteristics of steel used in the lid are its strength (yield and 
ultimate), ductility, and fracture resistance.  
 
The appropriate critical characteristics for structural components of the HI-STORM 
UMAX System, therefore, are: 
 

• Material yield strength, σy 
• Material ultimate strength, σu 
• Elongation, ε 
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• Charpy impact strength at the lowest service temperature for the part, Ci 

 (Unless  exempted by other provisions in the governing code) 
 
Thus, the carbon steel specified in the drawing package can be substituted with 
different steel so long as each of the four above properties in the replacement material 
is equal to or greater than their minimum values used in the qualifying analyses used in 
this FSAR. 
 
In the event that one or more of the critical characteristics of the replacement material is 
slightly lower than the original material, then the use of the §72.48 process shall be 
necessary to ensure that all regulaory predicates for the material substitution are fully 
satisfied. 
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Table 8.2.1 
 

TYPICAL CRITICAL CHARACTERISTICS OF MATERIALS REQUIRED FOR SAFETY 
EVALUATION OF STORAGE AND TRANSPORT SYSTEMS 

 Property Type Purpose Bounding 
Acceptable 
Value 

1. Minimum Yield Strength S To ensure adequate 
elastic strength for 
normal service 
conditions 

Min. 

2. Minimum Tensile Strength S To ensure material 
integrity under accident 
conditions 

Min. 

3. Young’s Modulus S For input in structural 
analysis model 

Min. 

4. Minimum elongation of δmin
, % S To ensure adequate 

material ductility 
Min. 

5. Impact Resistance at Ambient 
Conditions 

S To ensure protection 
against crack 
propagation 

Min. 

6. Maximum Allowable Creep Rate S To prevent excessive 
deformation under 
steady state loading at 
elevated temperatures 

Max. 

7. Thermal conductivity (minimum 
averaged value in the range of 
ambient to maximum service 
temperature, tmax) 

T To ensure that the 
basket will conduct heat 
at the rate assumed in 
its thermal model 

Min. 

8. Minimim Emmissivity T To ensure that the 
thermal calculations are 
performed 
conservatively. 

Min. 

9. Specific Gravity S 
(and 
R) 

To compute weight of 
the component (and 
shielding effectiveness) 

Max. (and 
Min.) 

10. Thermal Expansion Coefficient T (and 
S) 

To compute the change 
in basket dimension due 
to temperature (and 
thermal stresses) 

Min. (and 
Max.) 

11. Boron-10 Content R To control reactivity Min. 
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8.3 APPLICABLE CODES AND STANDARDS 
 
The principle codes and standards applied to the HI-STORM UMAX System components are the 
ASME Code Section II [8.3.1], the ACI code [8.2.1], the ASTM Standards, and the ANSI 
standards. Chapter 1 provides details of the specific applications of these codes and standards 
along with the other codes and standards that are applicable. The principle codes and standards 
applied to the MPC and HI-TRAC are described in Section 8.3 of the HI-STORM FW FSAR and 
are not repeated here.   
 
Chapter 2 discusses factored load combinations for ISFSI pad design per NUREG-1536 [8.1.4]. 
Codes ACI 360R-92, “Design of Slabs on Grade”; ACI 302.1R, “Guide for Concrete Floor and 
Slab Construction”; and ACI 224R-90, “Control of Cracking in Concrete Structures” are also 
used in the design and construction of the concrete pad, as appropriate. Section 2.2 elaborates on 
the specific applications of the ASME Boiler and Pressure Vessel code for the HI-STORM 
UMAX System.  
 
Chapter 3 provides allowable stresses and stress intensities for various materials extracted from 
applicable ASME code sections for various service conditions. This chapter also provides 
discussions on fracture toughness test requirements per ASME code sections. Mechanical 
properties of materials are extracted from applicable ASME sections [8.3.1], [8.3.2] and are 
tabulated for various materials used in HI-STORM UMAX System. Concrete properties are from 
ACI 318-2005 code. 
 
In order to meet the requirements of the codes and standards the materials must conform to the 
minimum acceptable physical strengths and chemical compositions and the fabrication 
procedures must satisfy the prescribed requirements of the applicable codes.  
 
Additional codes and standards applicable to welding are discussed in Section 8.5 and those for 
the bolts and fasteners are discussed in Section 8.6. 
 
Review of the above shows that the identified codes and standards are appropriate for the 
material control of major components. Additional material control is identified in material 
specifications. Material selections are appropriate for environmental conditions to be 
encountered during loading, unloading, transfer, and storage operations. The materials and 
fabrication of major components are suitable based on the applicable codes of record. 
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8.4  MATERIAL PROPERTIES 
 
This section provides discussions on material properties that mainly include mechanical and 
thermal properties. Additional discussions related to materials used in the MPC and HI-TRAC 
are presented in Section 8.4 of the HI-STORM FW FSAR.  The material properties used in the 
design and analysis of the HI-STORM UMAX System are obtained from established industry 
sources such as the ASME Boiler and Pressure Vessel Code [8.3.1], ASTM publications, 
handbooks, textbooks, other NRC-reviewed SARs, and government publications, as appropriate.  
 
8.4.1  Mechanical Properties 
 
Section 3.3 presents mechanical properties of all ITS materials used in the HI-STORM UMAX 
System. The structural materials include Alloy X, carbon steel, low-alloy and nickel-alloy steel, 
bolting materials, and weld materials. The properties include yield stress, mean coefficient of 
thermal expansion, ultimate stress, and Young’s modulus of these materials and their variations 
with temperature. Certain mechanical properties are also provided for nonstructural materials 
such as concrete used for shielding.  
 
The discussion on mechanical properties of materials in Chapter 3 provides reasonable assurance 
that the class and grade of the structural materials are acceptable under the applicable 
construction code of record. Selected parameters such as the temperature dependent values of 
stress allowables, modulus of elasticity, Poisson’s ratio, density, thermal conductivity, and 
thermal expansion have been appropriately defined in conjunction with other disciplines. The 
material properties of all code materials are guaranteed by procuring materials from Holtec- 
approved vendors through the so-called “material dedication” process*, if necessary.   
 
8.4.2  Thermal Properties 
 
Section 4.2 presents thermal properties of materials used in the MPC such as Alloy X, Metamic-
HT, aluminum shims and helium gas; materials present in HI-STORM UMAX such as carbon 
steel, stainless steel and concrete; and materials present in HI-TRAC transfer cask that include 
carbon steel, lead and demineralized water. The properties include density, thermal conductivity, 
heat capacity, viscosity, and surface emissivity/absorptivity. Variations of these properties with 
temperature are also provided in tabular forms. 
 
The thermal properties of fuel (UO2) and fuel cladding are also reported in Section 4.2. Thermal 
properties are obtained from standard handbooks or established text books (see Table 4.2.1).  
 

                                                 
* Dedication is a term of art in nuclear quality assurance.  
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8.4.3 Low Temperature Ductility of Ferritic Steels* 
 
The risk of brittle fracture in the HI-STORM UMAX components is eliminated by utilizing 
materials that maintain high fracture toughness under “cold” conditions (temperatures < -40 
degrees F) 
 
The MPC canister is constructed from a menu of stainless steels termed Alloy X. These stainless 
steel materials do not undergo a ductile-to-brittle transition in the minimum service temperature 
range of the HI-STORM UMAX system. Therefore, brittle fracture is not a concern for the MPC 
components. Such an assertion cannot be made a’ priori for the HI-STORM storage overpack 
and HI-TRAC transfer cask that contain ferritic steel parts. In general, the impact testing 
requirement for the HI-STORM overpack and the HI-TRAC transfer cask is a function of two 
parameters: the Lowest Service Temperature (LST)† and the normal stress level. The significance 
of these two parameters, as they relate to impact testing of the VVM is discussed below. 
 
In normal storage mode, the LST of the HI-STORM storage overpack structural members may 
reach -40oF in the limiting condition wherein the spent nuclear fuel (SNF) in the contained 
MPCs emits no (or negligible) heat and the ambient temperature is at -40oF (design minimum per 
Chapter 2: Principal Design Criteria). During the heavy load handling operations at an ISFSI, the 
applicable lowest service temperature in the MPC’s in FW docket is limited to a threshold  
ambient temperature below which lifting and handling of the HI-TRAC transfer cask is not 
permitted by the Technical Specification. Therefore, two distinct LSTs are applicable to load 
bearing metal parts within the HI-STORM UMAX overpack and the HI-TRAC transfer cask; 
namely, 
 

LST = 0oF for the HI-STORM overpack during handling operations and for the HI-
TRAC transfer cask during all normal operating conditions.  

 
LST = -40oF for the HI-STORM overpack during all non-handling operations (i.e., 

normal and off-normal storage mode). 
 
Parts used to lift the overpack or the transfer cask, which include the top flange in HI-TRAC, are 
referred to as “significant-to-handling” (STH) parts. All other parts of the overpack and the 
transfer cask will be referred to as “NF” components. It is important to ensure that all materials 
designated as “NF” or “STH” parts possess sufficient fracture toughness to preclude brittle 
fracture. For the STH parts, the necessary level of protection against brittle fracture is deemed to 
exist if the NDT (nil ductility transition) temperature of the part is at least 40oF below the LST.  
 
It is well known that the NDT temperature of steel is a strong function of its composition, 
manufacturing process (viz., fine grain vs. coarse grain practice), thickness, and heat treatment. 

                                                 
* This subsection has been copied from the HI-STORM 100 FSAR (Section 3.1) without any substantive 
change.  
† LST (Lowest Service Temperature) is defined as the daily average for the host ISFSI site when the 
outdoors portions of the “short-term operations” are carried out.  
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For example, it is well known that increasing the carbon content in carbon steels from 0.1% to 
0.8% leads to the change in NDT from -50oF to approximately 120oF. Likewise, lowering of the 
normalizing temperature in the ferritic steels from 1200oC to 900oC may lower the NDT from 
10oC to -50oC. It therefore follows that the fracture toughness of steels can be varied 
significantly within the confines of the ASME Code material specification set forth in Section II 
of the Code. For example, SA516 Gr. 70 can have a maximum carbon content of up to 0.3% in 
plates up to four inches thick. Section II further permits normalizing or quenching followed by 
tempering to enhance fracture toughness. Manufacturing processes that have a profound effect 
on fracture toughness, but little effect on tensile or yield strength of the material, are also not 
specified with the degree of specificity in the ASME Code to guarantee a well-defined fracture 
toughness. In fact, the Code relies on actual coupon testing of the part to ensure the desired level 
of protection against brittle fracture. For Section III, Subsection NF Class 3 parts, the desired 
level of protection is considered to exist if the lowest service temperature is equal to or greater 
than the NDT temperature (per NF 2311(b)(10)). Accordingly, the required NDT temperature for 
all load bearing metal parts in the HI-STORM UMAX overpack (NF and STH) is  set at -40oF 
below the LST.  
 
The STH components (Closure Lid strong backs) have thicknesses less than or equal to 1".  The 
strong backs are fabricated from normalized SA516 Gr.70 material which is exempted from 
impact testing at lowest service temperatures above -30°F per ASME Section III, Subsection NF. 
Because the HI-TRAC Transfer Cask operations are limited to a minimum service temperature 
of 0°F for handling, the lid will also not be handled at temperatures below 0°F and the strong 
back material is thereby exempt from testing.   
 
All other steel structural materials in the HI-STORM UMAX are made of SA516 Gr. 70, SA515 
Gr. 70, SA36 or austenitic stainless steel.  The SA516 Gr. 70 material used to fabricate the HI-
STORM UMAX is exempt from impact testing per NF-2311(b), because: 
 

i. The LST for handling operations is above the Minimum Design Temperature of SA516 
Gr. 70 (for thickness less than 2-1/2”) per Figure NF-2311(b)-1, and; 

 
ii. During non-handling operations (i.e., normal storage mode), the maximum tensile stress 

in the HI-STORM overpack is less than the threshold limit of 6,000 psi specified in NF-
2311(b)(7). 

 
If the SA516 Gr. 70 plate is as-rolled (i.e., not normalized), then impact testing is required except 
when the maximum stress under normal conditions, including handling operations, does not 
exceed 6,000 psi tension (see NF-2311(b)(7)) or is non-tensile (compressive). 
 
Table 3.1.9 provides a summary of impact testing requirements to ensure prevention of brittle 
fracture. 
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8.4.4 Creep Properties of Materials 
 
Creep, a visco-elastic and visco-plastic effect in metals, manifests itself as a monotonically 
increasing deformation if the metal part is subjected to stress under elevated temperature. Since 
certain parts of the HI-STORM UMAX system, notably the fuel basket, operate at relatively high 
temperatures, creep resistance of the fuel basket is an important property. Creep resistance of the 
MPC internals is discussed in the HI-STORM FW FSAR. Creep is not a concern in the 
Enclosure Vessel, the HI-STORM UMAX, or the HI-TRAC steel weldment because of the 
operating metal temperatures, stress levels and material properties. Steels used in ASME Code 
pressure vessels have a high threshold temperature at which creep becomes a factor in the 
equipment design. The ASME Code Section II material properties provide the acceptable upper 
temperature limit for metals and alloys acceptable for pressure vessel service. In the selection of 
steels for the HI-STORM UMAX system, a critical criterion is to ensure that the sustained 
(normal) metal temperature of the part made of the particular steel type shall be less than the 
Code permissible temperature for pressure vessel service. This criterion guarantees that 
excessive creep deformation will not occur in the steels used in the HI-STORM UMAX system.  
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8.5 WELDING MATERIAL AND WELDING SPECIFICATION 
  
Welds in the HI-STORM UMAX system are divided into two broad categories: 
 

i. Structural welds 
ii. Non-structural welds 

 
Structural welds are those that are essential to withstand mechanical and inertial loads exerted on 
the component under normal storage and handling.  
 
Non-structural welds are those that are subject to minor stress levels and are not critical to the 
safety function of the part. Non-structural welds are typically located in the redundant parts of 
the structure. The guidance in the ASME Code Section NF-1215 for secondary members may be 
used to determine whether the stress level in a weld qualifies it to be categorized as non-
structural.  
 
Both structural and non-structural welds must satisfy the material considerations listed in Tables 
8.1.1 and 8.1.2 for the MPC and the HI-STORM UMAX VVM, respectively. In addition, the 
welds must not be susceptible to any of the applicable failure modes listed in Table 8.1.4 
The welding material and welding specification considerations for the MPC and HI-TRAC are 
discussed in Section 8.5 of the HI-STORM FW FSAR. 
 
To ensure that all structural welds in the HI-STORM UMAX system shall render their intended 
function, the following requirements are observed: 

 
i. The welding procedure specifications comply with ASME Section IX for every Code 

material used in the system. 
 
ii. The quality assurance requirements applied to the welding process correspond to the 

highest ITS classification of the parts being joined. 
 
iii. The non-destructive examination of every weld is carried out using quality procedures 

that comply with ASME Section V. 
 
The welding operations are performed in accordance with the requirements of codes and 
standards depending on the design and functional requirements of the components.  
 
The selection of the weld wire, welding process, range of essential and non-essential variables,* 
and the configuration of the weld geometry has been carried out to ensure that each weld will 
have: 

 
i. Greater mechanical strength than the parent metal. 

                                                 
* Please refer to Section IX of the ASME Code for the definition and delineation of essential and non-
essential variables.  
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ii. Acceptable ductility, toughness, and fracture resistance. 
iii. Corrosion resistance properties comparable to the parent metal. 
iv. No risk of crack propagation under the applicable stress levels. 

 
The welding procedures implemented in the manufacturing of HI-STORM UMAX components 
are intended to fulfill the above performance expectations. 
 
The inspection and testing requirements of the HI-STORM UMAX System component welds are 
provided in Section 10.1. 
 
The weld filler material shall comply with requirements set forth in the applicable Welding 
Procedure Specifications qualified to ASME Section IX at the manufacturer’s facility. Only 
those Welding Procedures that have been qualified to the Code are permitted in the 
manufacturing of HI-STORM UMAX components. 
 
The weld procedure qualification record specifies the requirements for fracture control (e.g., post 
weld heat treatment). The HI-STORM UMAX module assembly does not require any post weld 
heat treatment due to the material combinations and provisions in the applicable codes and 
standards.  
 
Non-structural welds shall meet the following requirements: 
 

1. The welding procedure shall comply with Section IX of the ASME Code or AWS D1.1. 
 

2. The welder shall be qualified, at minimum, to the commercial code such as ASME 
Section VIII, Div.1, or AWS D1.1. 
 

3. The weld shall be visually examined by the weld operator or a Q.C. inspector qualified to 
Level 1 (or above) per ASNT designation. 
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8.6    BOLTS AND FASTENERS 
 
The HI-STORM UMAX VVM assembly does not employ any ITS bolts or fasteners. However, 
during the MPC transfer into the HI-STORM UMAX, the HI-TRAC and mating device may be 
attached to the VVM assembly to prevent tip-over during a seismic event.  If bolts are used to 
secure the HI-TRAC against tip-over, the bolts and anchor location material would be considered 
ITS and would be procured in accordance with the Holtec QA program.  Bolt and anchor 
location material would be selected from the list of materials identified in ASME Section II.  The 
bolting materials used for the HI-TRAC are evaluated in section 8.6 of the HI-STORM FW 
FSAR. 
 
The only bolts employed in the HI-STORM UMAX VVM system are those used to secure the 
vent flue to the inlet and outlet plenums. All bolts and fasteners are made of alloy materials 
which are not expected to experience any significant corrosion in the operating environment. The 
ISFSI operation and maintenance program shall call for coating of bolts and fasteners if the 
ambient environment is aggressive.  
 
All threaded surfaces are treated with a preservative to prevent corrosion. The O&M program for 
the storage system calls for all bolts to be monitored for corrosion damage and replaced, as 
necessary.  
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8.7 COATINGS AND CORROSION MITIGATION 
 
In order to provide reasonable assurance that the VVM will meet its intended Design Life of 60 
years and perform its intended safety function(s), chemical and galvanic reactions and other 
potentially degrading mechanisms must be accounted for in its design and construction.  
Coatings and corrosion mitigation techniques related to the MPC and HI-TRAC are discussed in 
Section 8.7 of the HI-STORM FW FSAR.   
 
It should be noted that, although the CEC is a buried steel structure it is substantially sequestered 
from the native soil through two engineered features: 
 

a. A thick reinforced concrete Enclosure Wall surrounds the VVM array and, along with the 
Support Foundation pad, provides a physical separation (water intrusion protection) to the 
CECs. 

 
 b.  The subgrade in contact with the CECs is either a “free flow” concrete or an engineered 

fill selected to provide a non-aggressive environment around the CECs. 
 
The above engineered features provide an environmentally benign condition for the CECs.  The 
above said, although the CEC is not a part of the MPC confinement boundary, it should not 
corrode to the extent where localized in-leakage of water occurs or where gross general corrosion 
prevents the component from performing its primary safety function. In the following, 
considerations in the VVM’s design and construction consistent with the applicable guidance 
provided in ISG-15 [8.1.1] are summarized. 
 
All VVM components are protected from galvanic corrosion by appropriate designs. Except for 
the CEC exterior surfaces (exterior CEC surface coating requirements discussed separately), all 
carbon steel surfaces of the VVM are lined and coated with the same or equivalent surface 
preservative that is used in the aboveground HI-STORM FW and HI-STORM 100 overpacks. 
The pre-approved surface preservative is a proven zinc-rich inorganic/metallic (may also be an 
organic zinc rich coating) material that protects galvanically and has self-healing characteristics 
for added protection. All exposed surfaces interior to the VVM are accessible for the 
reapplication of surface preservative, if necessary. 
 
Additional preemptive measures to prevent corrosion are essential, if the substrate is of 
aggressive chemistry. A description of corrosion mitigation measures proposed to protect the HI-
STORM UMAX systems and which are also approved for use in HI-STORM 100U VVM in 
Docket Number 72-1014, are presented in the following.  
 
The native soil excavated at the ISFSI site shall preferably not be used as subgrade unless it has 
the requisite density and low corrosivity. To evaluate soil corrosivity, a “10 point” soil-test 
evaluation procedure, in accordance with the guidelines of Appendix A of ANSI/AWWA 
C105/A21 [8.7.1] will be utilized. The classical soil evaluation criteria in the aforementioned 
standard focuses on parameters such as: (1) resistivity, (2) pH, (3) redox (oxidation-reduction) 
potential, (4) sulfides, (5) moisture content, (6) potential for stray current, and (7) experience 
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with existing installations in the area. Using the procedure outlined in ref.[8.7.1] , the ISFSI soil 
environment corrosivity is categorized as either “mild” for a soil test evaluation resulting in 9 
points or less or “aggressive” for a soil test evaluation resulting in 10 points or greater. The 
following table details the corrosion mitigation measures that shall be necessary if the native soil 
is used as the subgrade: 
 

Implementation of Corrosion Mitigation Measures 

Soil 
Environment 
Corrosivity 

Corrosion Mitigation Measures 
Coating 

(see note (i)) 
Concrete Encasement 

(see note (ii)) 
Cathodic Protection 

(see note (iii)) 

Mild Required Choice of either concrete encasement or cathodic 
protection; or both 

Aggressive Required Optional Required 
Notes: 
i. An acceptable exterior surface preservative (coating) applied on the CEC carbon steel 

surface. 
ii. Concrete encasement of the CEC external surfaces to establish a high pH buffer around the 

metal mass. 
iii. A suitably engineered impressed current cathodic protection system (ICCPS). 
 

The corrosion mitigation measures tabulated above are further detailed in the following 
subsections: 

 
i. Exterior Coating 
 
 The CEC exterior shall be coated with a radiation resistant surface preservative designed for 
below-grade and/or immersion service. Inorganic and/or metallic coatings are sufficiently 
radiation-resistant for this application; therefore, radiation testing is not required. Organic 
coatings such as epoxy, however, must have proven radiation resistance or must be tested 
without failure to at least 107 Rad. Radiation resistance to lower radiation levels is acceptable on 
a site-specific basis. Radiation testing shall be performed in accordance with ASTM D 4082 
[8.7.6] or equivalent. The coating should be conservatively treated as a Service Level II coating 
as described in Reg. Guide 1.54 [8.7.3]. As such, the coating shall be subjected to appropriate 
quality assurance in accordance with the applicable guidance provided by ASTM D 3843-00 
[8.7.4]. The coating should preferably be shop-applied in accordance with manufacturer’s 
instructions and, if appropriate, applicable guidance from ANSI C 210-03 [8.7.5]. The following 
table provides the acceptance criteria for the selection of coatings for the exterior surfaces of the 
CEC and ranks them in order of importance. 
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Acceptance Criteria for the Selection of Coatings 

Rank Criteria 
1 suitable for immersion and/or below grade service  

2a 
compatible with the ICCPS (if used) 
• adequate dielectric strength 
• adequate resistance to cathodic disbondment 

2b 
compatible with concrete encasement (if used) 

• adequate resistance to high alkalinity 
3 adequate radiation resistance 
4 adequate adhesion to steel 
5 adequate bendability/ductility/cracking resistance/abrasion resistance 
6 adequate strength to resist handling abuse and substrate stress 

 
The Keeler & Long polyamide-epoxy coating is selected as one that satisfies the acceptance 
criteria to the maximum degree. Alternatively, a Holtec-approved equivalent that meets the 
acceptance criteria set forth in the table above may be used. 
 
ii. Concrete Encasement 
 
The CEC concrete encasement shall provide a minimum of 5 inches of cover to provide a pH 
buffering effect for additional corrosion mitigation. The required 5-inch minimum thickness is 
more conservative than that recommended in ACI Codes, such as ACI 318, which call for up to 3 
inches of concrete cover over steel reinforcement in aggressive environments. Considering that 
the concrete encasement is restricted to mild soil environments (unless used in conjunction with 
cathodic protection) and has a non-structural role, an approximately  5-inch thick concrete 
encasement  is considered more than sufficient to provide reasonable assurance that the design 
basis  service life can be achieved. The lowest part of the CEC sits on the Support Foundation 
Pad. 
 
Regardless of reinforcement method, the material selected shall be corrosion-resistant or 
otherwise appropriately coated (e.g., epoxy coated steel wire) for corrosion resistance. 
 
The concrete encasement shall be installed in accordance with Holtec-approved procedures that 
utilize applicable guidance from the ACI codes (e.g., ACI 318 for commercial concrete). 
Installation procedures shall address mix designs (incorporating Portland cement), testing, 
mixing, placement, and reinforcement, with the aim to enhance concrete durability and minimize 
voids and micro-cracks. 
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iii. Impressed Current Cathodic Protection System (ICCPS) 
 
If the aggressiveness of the subgrade around the CEC is highly aggressive and warrants an 
ICCPS then the user may choose to either extend an existing ICCPS to protect the installed 
ISFSI, or to establish an autonomous system. The initial startup of the ICCPS must occur within 
one year after installation of the VVM to ensure timely corrosion mitigation. In addition, the 
ICCPS should be maintained operable at all times after initial startup except for system 
shutdowns due to power outages, repair or preventive maintenance and testing, or system 
modifications. Because there are a multitude of ISFSI variables that will bear upon the design of 
the ICCPS for a particular site, the essential criteria for its performance and operational 
characteristics are set down in this FSAR, which the detailed design work for each ISFSI site 
must follow. 
 

Design Criteria for the Impressed Current Cathodic Protection System 
 
a. The cathodic protection system shall be capable of maintaining the CEC at a minimum 

(cathodic) potential as required by NACE Standard RP0285-2002 [8.7.7].  
 
b. The ICCPS shall include provisions to infer its proper operation and effectiveness on a 

periodic basis.  
 
c. The system shall be designed to mitigate corrosion of the CEC for its design life.  

Alternatively, the system shall be designed to mitigate corrosion of the CEC for its License 
Life with due consideration to provisions that would allow system upgrades or maintenance 
for extended service as required for potential future license extensions. 

 
d. The cathodic protection system design, installation, operation, testing, and maintenance shall 

follow the applicable guidelines of: 
 - 49CFR195 Subpart H “Corrosion Control”, Oct. 1, 2004 edition [8.7.8] 
 - NACE Standard RP0285-2002 “Corrosion Control of Underground Storage Tank 

Systems by Cathodic Protection” [8.7.7] 
 

 
The following standards and/or publications may also be utilized for additional guidance in the 
design, installation, operation, testing, and maintenance of the ICCPS as needed (in case of 
conflict, the guidelines of item d above shall prevail): 

 

- API RP1632, “Cathodic Protection of Underground Petroleum Storage Tanks and Piping 
Systems”  

- NACE RP0169-96, “Control of External Corrosion on Underground or Submerged 
Piping Systems”  

- 49CFR192 Subpart I “Requirements for Corrosion Control”, Oct. 1, 2004 edition  
- Other standards or publications referenced by any of the above three standards and 

publications. 
 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001550

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-6, Page 206 of 301
(1579 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3  

8-31 
 

Records of system operating data necessary to adequately track the operable status of the ICCPS 
shall be maintained in accordance with the user’s quality assurance program. 
 
Finally, the surface preservative used to coat the CEC must meet the requirements described in 
(i) above but must also be compatible with cathodic protection and resistant to the alkaline 
conditions created by cathodic protection and/or concrete encasement.  
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8.8 GAMMA AND NEUTRON SHIELDING MATERIALS 
 
Gamma and neutron shield materials in the HI-STORM UMAX VVM system are discussed in 
Section 1.2. The gamma and neutron shielding materials used in the MPC and HI-TRAC are 
discussed in Sections 8.8 and 8.9 of the HI-STORM FW FSAR. The primary shielding materials 
used in the HI-STORM UMAX VVM system, as listed in Table 8.1.3, are plain concrete, 
reinforced concrete, and steel. 
 
The plain concrete provides the main shielding function in the HI-STORM UMAX lids to 
minimize sky shine. 
 
8.8.1 Plain Concrete 
 
Unlike the above ground HI-STORM models, the use of plain concrete for shielding purposes in 
the underground VVMs is limited to the VVM Closure Lid. The critical characteristics of 
concrete used in the Closure Lid are its density and compressive strength. Table 2.3.2 provides 
reference properties of plain concrete used in the Closure Lid. The temperature limits in Table 
2.3.7 are adopted from the HI-STORM 100 FSAR where the bases for the thermal limits are 
documented. 
 
The density of plain concrete within the HI-STORM UMAX overpack is subject to a minor 
decrease due to long-term exposure to elevated temperatures. The reduction in density occurs 
primarily due to liberation of unbonded water by evaporation.  
 
The shielding analysis in Section 5.3 considers the density of concrete in the Closure Lid as an 
explicit input item in the computation of dose above the HI-STORM UMAX ISFSI structure. 
 
As stated in sub-section 1.2.2, lean concrete may also be used as the material of construction for 
the subgrade (space A in Figure 2.4.4). The required structural properties of the subgrade 
concrete, if used, are provided in Tables 2.3.2 and 3.3.5. Because the subgrade material is 
completely protected from the ambient environment, the environmental demands on it are not 
very severe. At sites with high water tables, an Enclosure Wall may be incorporated in the ISFSI 
design to protect the subgrade from long term erosion and degradation. 
 
8.8.2 Steel 
 
Section 5.3 provides a discussion on steel as a shielding material and its composition used in the 
evaluation of its shielding characteristics. 
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8.9  NEUTRON ABSORBING MATERIALS 
 

 The discussion related to the selection and use of neutron absorbing materials used in the MPC 
 and HI-TRAC are discussed in Section 8.9 of the HI-STORM FW FSAR and are not repeated 
 here.   
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8.10 SEALS 
 
The HI-STORM UMAX VVM assembly does not utilize any gaskets that seal against a large 
pressure differential. 
 
The only external gasket used in the system is the soft gasket at the Closure lid-CEC Flange 
interface that helps prevent the ingress of moisture and insects (through the small crack that may 
exist due to weld distortion in the fabrication of  interfacing fabricated steel weldment surfaces) 
into the module cavity space. 
 
The Divider shell is sealed against the Closure lid using a pliable, non-organic seal material that 
is suitable for long-term ambient air application up to 300 deg. F. 
 
The seals used with the HI-TRAC bottom lid are discussed in Section 8.11 of the HI-STORM 
FW FSAR. 
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8.11 CHEMICAL AND GALVANIC REACTIONS  
 
The materials used in the HI-STORM UMAX System are examined to establish that these 
materials do not participate in any chemical or galvanic reactions when exposed to the various 
environments during all normal operating conditions and off-normal and accident events. 
Chemical and galvanic reactions related to the MPC and HI-TRAC are discussed in Section 8.12 
of the HI-STORM FW FSAR.    
 
The following acceptance criteria for chemical and galvanic reactions are extracted from ISG-15 
[8.1.1] for use in HI-STORM UMAX VVM components.  
 
a. The DCSS should prevent the spread of radioactive material and maintain safety control 
 functions using, as appropriate, noncombustible and heat resistant materials. 
 
b. A review of the DCSS, its components, and operating environments (wet or dry) should 
 confirm that no operation (e.g., short-term loading/unloading or long-term storage) will 
 produce adverse chemical and/or galvanic reactions, which could impact the safe use of 
 the storage cask. 
 
c. Components of the DCSS should not react with one another, or with the cover gas or 
 spent fuel, in a manner that may adversely affect safety. Additionally, corrosion of 
 components inside the containment vessel should be effectively prevented. 
 
d. Potential problems from general corrosion, pitting, stress corrosion cracking, or other 
 types of corrosion, should be evaluated for the environmental conditions and dynamic 
 loading effects that are specific to the component. 
 
The materials and their ITS pedigree are listed in the drawing package provided in Section 1.5. 
The compatibility of the selected materials with the operating environment and to each other for 
potential galvanic reactions is discussed in this section.  

 
• External atmosphere – During long-term storage the casks are exposed to outside 

atmosphere, air with temperature variations, solar radiation, rain, snow, ice, etc. 
 

As discussed herein, the components of the HI-STORM UMAX System have been engineered to 
ensure that the environmental conditions expected to exist at nuclear power plant installations do 
not prevent the cask components from rendering their respective intended functions.  
 
The principal operational considerations that bear on the adequacy of the storage overpack for 
the service life are addressed as follows: 
 
Exposure to Environmental Effects 
 
All exposed surfaces of the HI-STORM UMAX VVM components are made from stainless 
steels or ferritic steels that are readily painted. Concrete, which serves strictly as a shielding 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001555

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-6, Page 211 of 301
(1584 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3  

8-36 
 

material in the VVM Closure Lid, is encased in steel. Therefore, the potential of environmental 
vagaries such as spalling of concrete are ruled out for HI-STORM UMAX VVM. Under normal 
storage conditions, the bulk temperature of the HI-STORM UMAX storage overpack will change 
very gradually with time because of its large thermal inertia. Therefore, material degradation 
from rapid thermal ramping conditions is not credible for the HI-STORM UMAX VVM. 
Similarly, corrosion of structural steel embedded in the concrete structures due to salinity in the 
environment at coastal sites is not a concern for HI-STORM UMAX VVM because it does not 
rely on rebars (indeed, it contains no rebars). The configuration of the storage VVM assures 
resistance to freeze-thaw degradation. In addition, the storage system is specifically designed for 
a full range of enveloping design basis natural phenomena that could occur over the service life 
of the storage system  as catalogued in Section 2.2 and evaluated in Chapter 11. 
 
The ISFSI pad, which is exposed to the elements, shall be subject to a surveillance program to 
monitor its potential degradation, as discussed in Chapter 10.  
 
Material Degradation 
 
The relatively low neutron flux to which the storage overpack is subjected cannot produce 
measurable degradation of the cask's material properties and impair its intended safety function. 
Exposed carbon steel components are coated to prevent corrosion. The ambient environment of 
the ISFSI storage pad mitigates damage due to exposure to corrosive and aggressive chemicals 
that may be produced at other industrial plants in the surrounding area.  
 
Maintenance and Inspection Provisions 
 
The requirements for periodic inspection and maintenance of the storage overpack throughout its 
service life are defined in Section 10.4. These requirements include provisions for routine 
inspection of the storage overpack exterior and periodic visual verification that the ventilation 
flow paths of the storage overpack are free and clear of debris. ISFSIs located in areas subject to 
atmospheric conditions that may degrade the storage cask or canister should be evaluated by the 
licensee on a site-specific basis to determine the frequency for such inspections to assure long-
term performance. In addition, the HI-STORM UMAX system is designed for easy retrieval of 
the MPC from the storage overpack should it become necessary to perform more detailed 
inspections and repairs on the storage system. 
 
The above findings are consistent with those of the NRC's Waste Confidence Decision Review 
[8.11.1], which concluded that dry storage systems designed, fabricated, inspected, and operated 
in accordance with such requirements are adequate for a 60-year Design and a 100-year service  
life while satisfying the requirements of 10CFR72.  
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8.12 FUEL CLADDING INTEGRITY  
 
The discussion related to the fuel cladding integrity during short term operations is presented in 
Section 8.13 of the HI-STORM FW FSAR and are not repeated here.   
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8.13 EXAMINATION AND TESTING 
 
Examination and testing are integral parts of manufacturing of the HI-STORM UMAX System 
components. Examination and testing requirements for the MPC and HI-TRAC are described in 
Section 8.14 of the HI-STORM FW FSAR. A comprehensive discussion on the examinations 
and testing that are conducted during the manufacturing process for the HI-STORM UMAX 
VVM is provided in Chapter 10 wherein the applicable codes and standards are also cited along 
with the acceptance criteria derived from them. 
 
Post-fabrication inspections are discussed in Section 10.4 as part of the HI-STORM UMAX 
VVM System maintenance program. Inspections are conducted prior to fuel loading or prior to 
each fuel handling campaign. Other periodic inspections are conducted during storage. 
 
The HI-STORM UMAX VVM is a passive device with no moving parts. Overpack vent screens 
are inspected on scheduled intervals for damage, holes, etc. The VVM’s external surface, 
including identification markings, is visually examined on a periodic basis in accordance with 
the ISFSI’s surveillance plan. The temperature monitoring system, if used, is inspected per the 
licensee’s QA program and manufacturer’s recommendations.  
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8.14 REGULATORY COMPLIANCE 
 
The preceding sections describe the materials used in important-to-safety SSCs and the 
suitability of those materials for their intended functions in the HI-STORM UMAX System. 
 
The requirements of 10CFR72.122(a) are met: The material properties of SSCs important to 
safety conform to quality standards commensurate with their safety functions. 
 
The requirements of 10CFR72.104(a), 106(b), 124, and 128(a)(2) are met: Materials used for 
shielding are adequately designed and specified to perform their intended function. 
 
The requirements of 10CFR72.122(h)(1) and 236(h) are met: The design of the DCSS and the 
selection of materials adequately protect the spent fuel cladding against degradation that might 
otherwise lead to gross rupture of the cladding by ensuring that the cladding temperature remains 
below the ISG-11 Rev 3 limits.. 
 
The requirements of 10CFR72.236(h) and 236(m) are met: The material properties of SSCs 
important-to-safety will be maintained during normal, off-normal, and accident conditions of 
operation as well as short-term operations so the spent fuel can be readily retrieved without 
posing operational safety problems. 
 
The requirements of 10CFR72.236(g) are met: The material properties of SSCs important-to-
safety will be maintained during all conditions of operation so the spent fuel can be safely stored 
for the specified service life and maintenance can be conducted as required. 
 
The requirements of 10CFR72.236(h) are met: The HI-STORM UMAX System employs 
materials that are not vulnerable to degradation  over time or react with one another during long-
term storage. 
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CHAPTER 9: OPERATING PROCEDURES  
 

9.0  INTRODUCTION 
 
The operations associated with the use of the HI-STORM UMAX System are quite similar to the 
operations for the HI-STORM 100U system certified in Docket Number 72-1014. Because the 
HI-STORM UMAX System’s scope of certification is limited to loading pre-certified MPCs 
(Table 1.2.1) using pre-certified transfer cask (Table 1.2.2), the operations culminating in the 
arrival of the MPC-bearing HI-TRAC VW transfer cask at the ISFSI are governed by the HI-
STORM FW System FSAR [9.6.1]. The description of the operations governed by this FSAR 
pertains to staging the HI-TRAC transfer cask on the VVM cavity and ends with the removal of 
the empty transfer cask and replacement of the Closure Lid and installation of other 
appurtenances to place the storage system in a long-term storage configuration. The necessary 
information for executing the reverse set of steps to retrieve an MPC from a storage cavity is 
likewise provided.  The guidance provided in this chapter shall be used as an aid to develop the 
short-term operations procedure specific to a host site that elects to deploy the HI-STORM 
UMAX system.  The procedures provided in this chapter are prescriptive to the extent that they 
provide the basis and general guidance for plant personnel in preparing detailed written, site-
specific, loading, handling, storage, and unloading procedures.  Users may add, modify the 
sequence of, perform in parallel, or delete steps as necessary provided that the intent of this 
guidance is met and the requirements of the Certificate of Compliance (CoC) are complied 
within a literal manner.  The information provided in this chapter complies with the provisions 
of NUREG-1536. 

The information presented in this chapter along with the technical basis of the system design 
described in this SAR will be used to develop detailed operating procedures.  In preparing the 
site-specific procedures, the user must consult the conditions of the CoC, equipment-specific 
operating instructions, and the plant’s working procedures as well as the information in this 
chapter to ensure that the short-term operations shall be carried out with utmost safety and 
ALARA. 

The following generic criteria shall be used to determine whether the site-specific operating 
procedures developed pursuant to the guidance in this chapter are acceptable for use: 

• All heavy load handling instructions are in keeping with the guidance in industry 
standards and Holtec-provided instructions. 

• The procedures are in conformance with this FSAR and its CoC. 
• The procedures are in conformance with the HI-STORM FW System FSAR [9.6.1]. 
• The operational steps are ALARA. 
• The procedures contain provisions for documenting successful execution of all safety 

significant steps for archival reference. 
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• Procedures contain provisions for classroom and hands-on training and for a Holtec-
approved personnel qualification process to ensure that all operations personnel are 
adequately trained. 

• The procedures are sufficiently detailed and articulated to enable craft labor to execute 
them in literal compliance with their content. 

ISFSI owners are required to develop or modify existing programs and procedures to account for 
the implementation of the HI-STORM UMAX system.  Written procedures are required to be 
developed or modified to account for such items as handling and storage of systems, structures 
and components (SSCs) identified as important-to-safety, heavy load handling, specialized 
instrument calibration, special nuclear material accountability, fuel handling procedures, 
training, equipment, and process qualifications.  Users shall implement controls to ensure that all 
critical set points (e.g., Lift Weights) do not exceed the design limit of the specific equipment. 

Control of the operation shall be performed in accordance with the user’s Quality Assurance 
(QA) program to ensure critical steps are not overlooked and that the cask has been confirmed to 
meet all requirements of the CoC before being released for on-site storage under 10 CFR Part 72. 

ALARA warnings highlighted in this chapter are included to alert users to radiological issues. 
Actions identified with these items are of an advisory nature and shall be implemented based on 
site-specific determination by the plant’s radiation protection personnel. 

Section 9.1 provides the technical basis for loading and unloading procedures. Section 9.2 
provides the guidance for loading the HI-STORM UMAX system. Section 9.3 provides the 
procedures for ISFSI operations and general guidance for performing maintenance and for 
responding to abnormal events that may occur during normal loading operations. Section 9.4 
provides the procedure for unloading the HI-STORM UMAX System.  The loading steps and the 
illustrations, are illustrative (rather than definitive) because the architecture of a particular plant 
and its ISFSI may require significant adaptations for a safe and  ALARA loading program. 

Because the MPCs and transfer casks utilized in the HI-STORM UMAX system are originally 
certified in the HI-STORM FW docket, there is a close informational nexus between the two 
dockets with respect to the components common to both systems. Table 9.0.1 provides a matrix 
of the information in this FSAR that is supplemented by the corresponding material from the HI-
STORM FSAR.the latest QA validated version of which (Rev 1) is placed in this docket for 
reference purposes. 
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TABLE 9.0.1: APPLICABLE SECTIONS OF HI-STORM FW FSAR* 

Location of 
UMAX FSAR 

Subject of the reference Location in HI-STORM        
FW FSAR, Revision 3 

Section 9.0 The operations culminating in the 
arrival of the MPC-bearing HI-TRAC 

at the ISFSI 

Sections 9.1 and 9.2 

 

Sub-Section 9.2.3 Loading of MPC Sub-Sections 9.2.1 and 9.2.3 

Sub-Section 9.4.1 Direction on further action such as 
return MPC to the fuel pool or loading 

in a transport cask for off-site 
shipment 

Section 9.4 

Sub-Section 9.4.2 HI-TRAC receipt inspection and 
cleanliness inspection 

Table 9.2.5 

Section 9.5 Steps to remove an MPC from a 
loaded VVM 

Sub-Sections 9.4.3 and 9.4.4 

 

                                                 
* For convenience of reference, the specific revision of the HI-STORM FW FSAR that is referenced in the safety 
analysis herein is placed in this docket. Updated versions of the HI-STORM FW FSAR shall be placed in this 
docket as necessary so as to ensure that the safety analyses on the “UMAX” docket (72-1040) remain aligned with 
the material referenced in the HI-STORM FW FSAR. 
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9.1  TECHNICAL AND SAFETY BASIS FOR LOADING AND UNLOADING  
 PROCEDURES 

The procedures herein are developed for the loading, storing, and unloading of a loaded MPC in 
the HI-STORM UMAX System.  The design of the HI-STORM UMAX System, along with the 
implementation procedures, the ancillary equipment, and the Technical Specifications, 
collectively serve to achieve ALARA, minimize risks to the operational staff, and mitigate 
consequences of potential adverse events. 

The primary objective of the information presented in this chapter is to identify and describe the 
sequence of significant operations and actions that are important-to-safety for canister loading, 
canister handling, storage operations, and canister unloading to adequately protect crew health 
and to eliminate any conceivable danger to life or property, to protect the MPC’s contents from 
dispersal, and to provide for the safe execution of tasks and operations. 

In the event of an extreme environmental condition, the appropriate procedural guidance to 
respond to the situation must be available and ready for implementation at the nuclear plant.  As 
a minimum, the procedures shall address establishing emergency action levels, implementation 
of emergency action program, establishment of personnel exclusions zones, monitoring of 
radiological conditions, actions to mitigate or prevent the release of radioactive materials, 
recovery planning and execution, and reporting to the appropriate regulatory agencies, as 
required. 
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9.2 PROCEDURE FOR PLACING THE LOADED MPC IN THE HI- 
STORM UMAX VVM 

 
 9.2.1 Overview of Loading Operations 
 
The HI-STORM UMAX System differs from the HI-STORM FW System in that the vertical 
ventilated module (VVM) is an integral part of the ISFSI and is therefore immovable (cannot be 
transported on-site). Therefore, the transfer of the MPC from the transfer cask to the storage 
module cannot occur within the plant’s Part 50 structure.  Like the HI-STORM 100U the 
underground module (in Docket Number 72-1014), the transfer of the MPC occurs by staging the 
HI-TRAC transfer cask over the CEC cavity.  The loaded HI-TRAC transfer cask is transported 
between the ISFSI and the Part 50  facility where the MPC is loaded using a  heavy haul vertical 
cask transporter, heavy haul transfer trailer, a rail car, air pads and the like that have been 
previously used for such applications.  In what follows, the acronym VCT (for vertical cask 
transporter) is used to denote the hauling machinery.  The operational steps required to prepare, 
load the MPC, and transport it to the ISFSI using the HI-TRAC transfer cask are governed by the 
HI-STORM FW System FSAR [9.6.1]. The detailed operational steps presented in this chapter, 
therefore, start with the preparation to stage the loaded HI-TRAC over the recipient storage 
cavity.  
 
Prior to the start of MPC transfer at the ISFSI, the VVM lid is removed and the storage cavity is 
inspected for absence of foreign matter.  The Mating Device is positioned on top of the VVM. 
The outlet flue installed on other VVMs on the path to the recipient CEC cavity may need 
removal for short term operational reasons, such as to enable the VCT to reach the target cavity.  
It is recommended that an outlet flue be re-installed within approximately 6 hours to minimize 
thermal impacts to the system.   If used, the Supplemental Cooling System (SCS) is disconnected 
from the HI-TRAC, the HI-TRAC annulus is drained, and the HI-TRAC is placed on top of the 
Mating Device (Figure 9.2.1).  The MPC may be downloaded using the vertical cask crawler, the 
MPC downloader attached to the transfer cask, or other suitable lifting device.  The MPC lifting 
device is attached to the MPC. The bottom lid is removed and the Mating Device drawer is 
opened.  Optional temporary shielding may be installed, as guided by the licensee’s Radiation 
Protection program, on or around the Mating Device.  The MPC is lowered into the VVM 
(Figure 9.2.2).  Following verification that the MPC is fully lowered, the MPC slings are 
disconnected from the lifting device and lowered onto or removed from the MPC lid.  
Alternately, the MPC lifting device may be removed.  Any  temporary shielding is removed, if 
necessary.  The HI-TRAC and bottom lid may be reattached while on the VVM or may be 
removed and then reattached. HI-TRAC is removed from on top of the VVM.  The MPC lift 
device is removed as necessary.  The Mating Device is removed and the VVM lid is installed. 
Finally, the temperature monitoring elements and their instrument connections, if used at the 
ISFSI, are installed, and post-loading performance verification specified in the site loading 
procedures is performed.  
 
Because the HI-STORM UMAX VVM is an integral part of the ISFSI itself, there is no handling 
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of the VVM. For an example of the rigging required to handle the HI-STORM UMAX VVM 
Closure Lid, see Figure 9.2.3. 
 
9.2.2  Preparation for MPC Transfer 
 
The required equipment/devices that participate in the transferring of the MPC into dry storage 
are, as a minimum: 
 
1. Equipment to remove and install the VVM Closure Lid; 
2. The vertical cask transporter (VCT) or equivalent load handling devices with redundant 

drop protection features; 
3. The loaded transfer cask containing the MPC; 
4. The Mating  Device; and 
5. MPC lifting and handling devices. 

 
Prior to staging the Mating Device and the transfer cask on the recipient VVM cavity, the storage 
cavity shall be inspected for absence of debris, water, animals or insect nests, and the like. A 
general checklist for performing the pre-staging inspection of the VVM cavities is provided 
below: 
 

1. The painted surfaces shall be inspected for corrosion and chipped, cracked, or blistered 
paint. 

2. All lid surfaces shall be relatively free of dents, scratches, gouges, or other damage. 
3. Lid lifting points shall be inspected for dirt, debris, and general condition. 
4. Vent openings shall be free from obstructions. 
5. Vent screens shall be available, intact, and free of holes and tears. 
6. Temperature monitoring elements, if used, shall be inspected for availability, function, 

calibration, and provisions for mounting to the VVM outlet air passage. 
 

HI-STORM UMAX VVM Main Body 
 

1. Cooling passages shall be free from obstructions. 
2. The interior cavity shall be free of debris, litter, tools, and equipment. 
3. Painted surfaces shall be inspected for corrosion, and chipped, cracked or blistered paint. 

 
VERTICAL CASK TRANSPORTER (VCT) 
 
The VCT shall be serviced before the beginning of a dry storage campaign and all VCT checks 
are performed in accordance with its manufacturer’s O&M manual. The quantity of fuel and 
other combustibles in the VCT shall be confirmed to be within the limits specified in the site’s 
72.212 safety evaluation report. The VCT shall be operated only if the ambient temperature is 
within the specified limit in the VCT’s O&M manual. The VCT operator must have received 
training in the use of the VCT as specified in its O&M manual. 
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Finally, the Mating Device shall be inspected for any loose paint, scale, or other adherent debris 
and cleaned appropriately to eliminate the risk of foreign materials adhering to it that fall into the 
VVM cavity. The smooth operation of the lid drawer traction system shall be confirmed and 
moving surfaces lubricated, as specified in the applicable Holtec International Purchasing 
Specification. 
 
The MPC transfer shall not occur if the meteorological forecast indicates a credible chance of 
adverse weather activity such as lightning, snow fall, rain, or heavy winds at the ISFSI during the 
planned transfer operation. 
 
All slings and fasteners shall be inspected for general condition and indication of wear and 
degradation (such as a cut or nick in the sling) before accepting them for use. 
  
9.2.3  Placement of the MPC into Storage 
 
The operational steps presented in the following are intended to provide guidance to the user in 
preparing site-specific loading procedures that must be prepared with due consideration of the  
particular site’s physical characteristics, its rigging plan, and its safety/ALARA practices.  Figure 
9.2.4 provides a pictorial overview of the loading steps. 
    
Loading Steps  

 
1. Load the MPC in accordance with Chapter 9 of the HI-STORM FW System FSAR [9.6.1] 
2. Remove the Closure Lid using a crane or other equivalent lifting device. 
3. Install the Mating Device on the VVM.   
4. Place the loaded HI-TRAC transfer cask recipient on the Mating Device using the vertical 

cask crawler (or other suitable transportation device).   
5. Rig the MPC to the lift components of the cask transporter or other suitable downloading 

device. Raise the MPC slightly to remove the weight of the MPC from the HI-TRAC 
Bottom  lid (also called the Pool lid). 

6. Unbolt the Bottom  lid from the HI-TRAC body  and lower the lid into the Mating Device. 
7. Open the Mating Device drawer. 

 
ALARA Warning: 

Temporary shielding may be used to reduce personnel dose during transfer operations. If 
ALARA considerations dictate that temporary shielding not be used, personnel must remain 
clear of the immediate area around the Mating Device drawer during MPC downloading. 

 
8. At the user’s discretion, install temporary shielding to cover the potential streaming paths  

around the Mating Device drawer.   
9. Lower the MPC into the VVM. 
10. Verify that the MPC is fully seated in the VVM. 
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Caution: 
Operations steps that occur with the MPC in the VVM with the Mating Device installed and 
the drawer closed must be performed in an expeditious manner to avoid excessive heating of 
the MPC and fuel.  The Mating Device must be removed or the drawer opened to establish 
air cooling within the time limits described in Section 4.5.  In the event of equipment 
malfunction that results in the blockage of air flow, corrective actions must occur within the 
time limits of the 100% blocked duct accident condition. 

11. Disconnect the MPC rigging from the downloading device and lower them onto the MPC 
lid or remove them from the MPC. 

12. Remove any temporary shielding and close the Mating Device drawer. 
13. Reinstall the HI-TRAC Bottom  lid.  

ALARA Warning: 
Personnel should remain clear (to the maximum extent practicable) of the VVM annulus when 
HI-TRAC is being removed to comply with ALARA requirements.  

 
14. Remove the HI-TRAC transfer cask from the top of the VVM. 
15. Partially open the Mating Device drawer and remove any MPC rigging. 
16. DELETED 
17. Close the Mating Device drawer and remove the Mating Device from on top of the VVM. 

 
Guidance: 

The lid shall be preferably kept less than 2 feet above the top surface of the VVM while over 
the MPC. This lift limit action is purely a defense-in-depth measure because the Closure Lid 
cannot fall and impact the MPC because of geometric constraints.  

 
18. Install the VVM lid. Check that the rigging (in its specific configuration) is rated to lift the 

load (rated to lift two times the load per NUREG 0612). 
19. Remove the VVM lid rigging equipment and re-install the outlet vent cover (if previously 

removed). 
20. Install the VVM temperature monitoring elements (if used). 
21. Install the flue extensions (that were removed to avoid interference with the VCT). 
22. Perform shielding effectiveness testing, if required by the Technical Specification.. 
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FIGURE 9.2.1: HI-TRAC ALIGNMENT AND PLACEMENT ON MATING 
DEVICE AND HI-STORM UMAX VVM 

 
 
Note: The design features of the HI-STORM UMAX System are the exclusive intellectual property of Holtec 
International under U.S. and international patent right laws. Minor details of the HI-STORM UMAX depicted here 
and other figures in this FSAR may vary slightly from the licensing drawings in Section 1.5.
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FIGURE 9.2.2: DOWNLOADING MPC INTO HI-STORM UMAX VVM 
 
 
Note: The design features of the HI-STORM UMAX System are the exclusive intellectual property of Holtec 
International under U.S. and international patent right laws. Minor details of the HI-STORM UMAX depicted here 
and other figures in this FSAR may vary slightly from the licensing drawings in Section 1.5. 
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FIGURE 9.2.3: ILLUSTRATIVE RIGGING CONFIGURATION FOR THE  
HI-STORM UMAX VVM LID 

 
Note: The design features of the HI-STORM UMAX System are the exclusive intellectual property of Holtec 
International under U.S. and international patent right laws. Minor details of the HI-STORM UMAX depicted here 
and other figures in this FSAR may vary slightly from the licensing drawings in Section 1.5. 
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A. 
 
 

 
 
Remove the flue extensions to access the lid 
lifting features. 
 

B. 
 
 

 
 

Remove the UMAX lid from the VVM to be 
loaded. 

 
C. 
 

 
 
Install the mating device on the VVM to be 
loaded. 
 

D. 
 

 
 

Align the HI-TRAC to the mating device using 
the vertical cask transporter. 

 
FIGURE 9.2.4: PICTORIAL OVERVIEW OF THE LOADING STEPS  

(SHEET 1 OF 3) 
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E. 

 

 
 

Mate the HI-TRAC to the VVM. 
 

F. 
 

 
 

Attach the MPC rigging to the vertical cask 
transporter. 
Raise the MPC  slightly. 
Remove the HI-TRAC bottom lid bolts. 
Open the mating device.   

G. 
 

 
 

Lower the MPC into the VVM. 

H. 
 

 
 

Disconnect the rigging from the vertical cask 
transporter and lower it onto the MPC lid. 

 
 

FIGURE 9.2.4: PICTORIAL OVERVIEW OF THE LOADING STEPS 
(SHEET 2 OF 3) 
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I. 
 

 
 

Reconnect the HI-TRAC to the vertical cask 
transporter. 
Close the mating device. 
Reinstall the HI-TRAC bottom lid. 

J. 
 

 
 

Remove the vertical cask transporter from the 
mating device. 
Remove the MPC lid rigging from the MPC lid. 

K. 
 

 
 

Remove the mating device from the VVM. 
 

L. 
 

 
 

Reinstall the VVM lid flue extensions. 
 

 
 
 
 

FIGURE 9.2.4: PICTORIAL OVERVIEW OF THE LOADING STEPS  
(SHEET 3 OF 3) 
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9.3  ACTIVITIES PERTAINING TO ISFSI OPERATIONS 
 
The HI-STORM UMAX System heat removal is by totally passive means. As discussed in 
Chapter 10, surveillance of the HI-STORM VVM assembly to ensure its continued effectiveness 
involves the following principal activities: 
 
1. Check for intrusion of foreign objects that may impair the system’s thermal performance 

during normal operations and in the wake of an extreme environmental phenomenon 
including severe flood. 

2. Check for corrosion damage to the steel parts, namely the CECs (oldest or most vulnerable 
VVM shall be inspected). 

3. Check for structural damage to the ISFSI after an earthquake. 
4. Perform the heat removal operability surveillance as specified the  CoC. 
5. Perform ISFSI Security Operations in accordance with the host site’s security plan. 

 

Routine maintenance on the HI-STORM UMAX System will typically be limited to cleaning and 
touch-up painting of the exposed steel surfaces, repair, and replacement of damaged vent 
screens, and removal of vent blockages (e.g., leaves, debris), if any (See Table 10.4.1 and 10.4.2 
for specific requirements). The heat removal system operability surveillance should be 
performed after any event that may have an impact on the safe functioning of the HI-STORM 
UMAX system. These include, but are not limited to, wind storms, heavy snow storms, fire 
inside the ISFSI, seismic activity, flooding of the ISFSI, and/or observed animal, bird, or insect 
infestations. The responses to these conditions involve first assessing the dose impact to perform 
the corrective action (inspect the HI-STORM VVM cavity, clear the debris, check for any 
structural damage of the ISFSI pad, and/or replace damaged vent screens); perform the corrective 
action; and verify that the system is operable (check ventilation flow paths and radiation 
blockage capability). In the unlikely event of significant damage to the ISFSI, possibly from a 
Beyond-the-Design Basis earthquake, the situation may warrant removal of the MPC, and repair 
or replacement of the damaged ISFSI areas. Section 9.4 may be used as guidance for unloading 
the MPC from the HI-STORM UMAX.  
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9.4 PROCEDURE FOR REMOVING THE MPC FROM THE HI-STORM  

UMAX  VVM CAVITY  
 
9.4.1  Overview of HI-STORM UMAX System Unloading Operations 
 
The MPC is recovered from the HI-STORM UMAX VVM at the ISFSI using the same set of 
steps as described in Section 9.2, except that the order is basically reversed. The VVM 
temperature monitoring elements (if used) and lid are removed. The flue extensions are removed 
as necessary to allow the VCT to access the target cavity. The Mating Device is installed and the 
Mating Device drawer is partially opened. The MPC lift rigging is attached to the MPC. The 
MPC rigging is attached to the MPC lift device and positioned on the MPC lid. The Mating 
Device drawer is closed and the HI-TRAC is positioned on top of the Mating Device and VVM. 
The HI-TRAC’s Bottom lid is unbolted from the HI-TRAC and the Mating Device drawer is 
opened. The MPC slings are brought through the HI-TRAC and connected to the lift device. The 
MPC is raised into HI-TRAC and the Mating Device drawer is closed. The bottom lid is bolted 
to the HI-TRAC. The HI-TRAC is removed from on top of the VVM and transported out of the 
ISFSI area for further processing. The scope of this FSAR ends with the loaded HI-TRAC 
suspended from the VCT for further processing. Chapter 9 of the HI-STORM FW System FSAR 
[9.6.1] for the host MPC provides the direction on further action such as return to the fuel pool or 
loading in a transport cask for off-site shipment.  
 
9.4.2  MPC Recovery from the HI-STORM UMAX VVM 
 
PRINCIPAL OPERATING STEPS 
 
1. If necessary, perform a transport route walkdown to ensure that the cask transport 

conditions are met for transporting the loaded HI-TRAC transfer cask.  Remove all physical 
obstructions (e.g., flue extensions) that may interfere with the movement of the VCT. 

 
2. Perform a HI-TRAC receipt inspection and cleanliness inspection in accordance with a 

written inspection checklist in accordance with the HI-STORM FW System FSAR [9.6.1]. 
Transport the HI-TRAC to the ISFSI using the cask transporter or other suitable device. 

 
3. Remove the VVM temperature monitoring equipment (if used) from the (MPC donor) 

VVM cavity. 
 
4. Remove the VVM Closure lid from the donor VVM  cavity, preferably keeping its height 

above the top of the CEC Flange to under 2 feet.  See Figure 9.2.3 for a rigging illustration. 
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Caution: 
Operations steps that occur with the MPC in the VVM with the Mating Device installed and the 
drawer closed must be performed in an expeditious manner to avoid excessive heating of the 
MPC and fuel.  The Mating Device must be removed or the drawer opened to establish air 
cooling within the time limits described in Section 4.5.  In the event of equipment malfunction 
that results in the blockage of air flow, corrective actions must occur within the time limits of the 
100% blocked duct accident condition. 

 
5. Install the Mating Device on the VVM. 
 
6. Partially open the Mating Device drawer. 
 
7. Install the MPC rigging on the MPC lid.. 
 
8. Close the Mating Device drawer. 
 
9. If previously drained, fill the neutron shield jacket with plant demineralized water or an 

approved antifreeze solution as necessary. Ensure that the fill and drain plugs are installed. 
 
10. Align HI-TRAC over the Mating Device and VVM and mate the casks.  

 
11. Unbolt the bottom lid from the HI-TRAC and lower into the Mating Device. 
 
12. Open the Mating Device drawer. 
 
13. At the user’s discretion, install temporary shielding to cover the gap above and below the 

Mating Device drawer.   
 
14. Raise the MPC rigging up through the HI-TRAC and attach them to the lifting device.  

 
15. Raise the MPC into HI-TRAC. 
 
16. Verify the MPC is in the full-up position. 
 
17. Close the Mating Device drawer.  
 
18. Reinstall the bottom lid to the HI-TRAC.  
 
19. Lower the MPC onto the bottom lid. 
 
20. Disconnect the slings from the lifting device and the MPC lift cleats. 
 
21. Remove HI-TRAC from the top of the VVM. 
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22. Transport the HI-TRAC to the designated location using the cask transporter or other 

suitable device. 
 
23. Remove the Mating Device from the VVM. 

 
24. Install the VVM lid and vent flue assemblies on all storage cavities, where they were 

removed, to prevent entry of foreign objects into the VVM. 
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9.5   REGULATORY COMPLIANCE:   
 
 The operational steps required to place a loaded MPC into a HI-STORM UMAX VVM cavity 
have been described in this chapter. The steps to remove an MPC from a loaded VVM, which are 
essentially reverse of the steps in the loading sequence, have been provided in Chapter 9 of the 
HI-STORM FW System FSAR [9.6.1]. These loading steps are, of necessity, generic in their 
description and may require adaptation to a specific ISFSI.  The implementation steps are 
nevertheless sufficiently detailed to lead to the conclusion that the guidelines of safety and 
ALARA set down in NUREG-1536 are fully satisfied. In particular, it can be concluded that: 
 

i. There are no radiation streaming paths from the MPC during its transfer operation. 
ii. The Mating Device handling operations occur near grade level thus eliminating the 

need for ladders/platforms and improving the human factors aspects. 
iii. There are no freestanding structures in the MPC transfer operations and thus there 

is no risk of uncontrolled load movement under a (hypothetical) extreme 
environmental event such as tornado or high winds. 

iv. The ventilation paths to passively cool the canister using ambient air during the 
transfer operation is maintained at all times (except during brief operations as 
mentioned above) thus protecting the fuel cladding from overheating and 
eliminating any thermally guided time limit on the duration for implementing the 
transfer steps. 

v. All heavy load handling is carried out by handling devices that are equipped with 
redundant load drop protection features. 

vi. Each storage cavity is independently accessible. Installation or removal of any 
MPC does not have to contend with other stored MPCs. 

vii. Because the MPC insertion (and withdrawal) occurs in the vertical configuration 
with ample lateral clearances, there is no risk of scratching or gouging of the 
MPC’s external surface (Confinement Boundary).  Thus the ASME Section III 
Class 1 prohibition against damage to the pressure retaining boundary is 
maintained. 

 
It is thus concluded that the HI-STORM UMAX ISFSI is engineered to meet the safety 
and ALARA imperatives contemplated in 10CFR 72 in full measures. 
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9.6   REFERENCES:   
 

[9.6.1] “Final Safety Analysis Report on the HI-STORM FW System”, Holtec Report No. HI-
 2114830, latest revision. 

 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001581

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-6, Page 237 of 301
(1610 of 2110)



HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090  Rev. 3 

10-1 
 

CHAPTER 10: ACCEPTANCE CRITERIA AND 
MAINTENANCE PROGRAM 

 
10.0 INTRODUCTION 
 
This chapter addresses the fabrication, inspection, test, and maintenance programs for the HI-
STORM UMAX VVM assemblies. In particular, this chapter identifies the fabrication, 
inspection, test, and maintenance programs to be conducted on the HI-STORM UMAX VVM to 
verify that the structures, systems, and components (SSCs) classified as important-to-safety have 
been fabricated, assembled, inspected, tested, accepted, and maintained in accordance with the 
requirements set forth in this FSAR, the applicable regulatory requirements, and the Certificate 
of Compliance (CoC). The acceptance criteria and maintenance program requirements specified 
in this chapter apply to each HI-STORM UMAX system fabricated, assembled, inspected, tested, 
and accepted for use under the purview of the system’s CoC.  The assessment of the fabrication, 
inspection, test, and maintenance programs for the MPC and HI-TRAC used with the 
HI-STORM UMAX is described in Chapter 10 of the HI-STORM FW FSAR, a QA validated 
copy of which is placed in this docket for reference. The material in the HI-STORM FW FSAR 
which is relied upon to articulate the acceptance criteria and maintenance program of 
components that the “UMAX” system shares with “FW” is provided in a matrix form in Table 
10.0.1 for ease of reference. 
 
The controls, inspections, and tests set forth in this chapter, in conjunction with the design 
requirements described in previous chapters, ensure that the HI-STORM UMAX system will 
reject the decay heat of the stored radioactive materials in the MPCs to the environment by 
passive means and maintain radiation doses within regulatory limits.  The controls, inspections, 
and tests set forth in Chapter 10 of the HI-STORM FW along with the MPC and HI-TRAC 
design requirements described in the HI-STORM FW, ensure that the system will maintain 
confinement of radioactive material and will maintain subcriticality control under normal, off-
normal, and hypothetical accident conditions, including short term operations.  The 
aforementioned design, controls, inspections, and tests described in the HI-STORM FW also 
ensure that the MPC and HI-TRAC will reject the decay heat of the stored radioactive materials 
to the environment by passive means and maintain radiation doses within regulatory limits.   
 
Both pre-operational and operational tests and inspections are performed throughout HI-STORM 
UMAX system operations to assure that the system is functioning within its design parameters. 
These include receipt inspections, nondestructive weld examinations, thermal performance tests, 
and others. "Pre-operation", as referred to in this chapter, defines that period of time from 
acceptance inspection of a HI-STORM UMAX system until the loaded MPC is placed in the 
CEC cavity.  
 
The HI-STORM UMAX system is classified as important-to-safety. Therefore, the individual 
structures, systems, and components (SSCs) that make up the HI-STORM UMAX system shall 
be designed, fabricated, assembled, inspected, tested, accepted, and maintained in accordance 
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with a quality program commensurate with the particular SSC's graded quality category. The 
licensing drawings identify all important-to-safety subcomponents of the HI-STORM UMAX 
system. 
 
The acceptance test requirements on the manufactured welds in the HI-STORM UMAX system 
are contained in the component licensing drawings in Section 1.5. Additional details on the 
requirements in the drawings are provided in this chapter or in Chapter 10 of the HI-STORM FW 
FSAR for MPC and HI-TRAC, which will be incorporated in the shop manufacturing documents 
(viz., weld procedures, shop travelers, inspection procedures, and fabrication procedures) to 
ensure full compliance with this FSAR.  
 
The VVM consists of a shop-fabricated CEC (Cavity Enclosure Container) installed below grade 
and a removable Closure Lid. The CEC is a welded shell-type structure made of steel plate and 
bar (or forging) stock. Likewise, the Closure Lid is made of welded and formed steel plates and 
bar (or forging) stock. However, unlike the CEC, the Closure Lid also contains shielding 
concrete. 
 
By virtue of its underground configuration, the CEC is interfaced by the subgrade along its 
lateral surface, by the ISFSI pad near its flanged upper region and by the Support Foundation 
Pad (SFP) along its bottom surface. The requirements on these interfacing bodies, to the extent 
they are needed to enable the CEC to render its intended function, are provided in Chapter 2. All 
requirements pertaining to the manufacturing, inspection, testing, and maintenance of the VVM 
SSCs are presented in this chapter to comply with the provisions of 10CFR72.24(p). 
 
The user of the HI-STORM UMAX system should consult this chapter and the Technical 
Specification to ensure that the site’s acceptance criteria and maintenance program are consistent  
with the representations made herein. The user’s maintenance program should also utilize the 
information that will be gathered and disseminated by Holtec International through the 
Company’s “lessons learned” data base and other means that are intended to help ensure 
maximum shielding effectiveness and a long service life of the ISFSI . 
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TABLE 10.0.1: APPLICABLE SECTIONS OF HI-STORM FW FSAR1 

Location of UMAX 
FSAR 

Subject of the Reference Location in Chapter 10 of 
the  HI-STORM  FW 

FSAR, Revision 3 
Section 10.0 Fabrication, inspection, test, and 

maintenance programs for the MPC and 
HI-TRAC 

Table 10.2.1 for maintenance 
for HI-TRAC 

Sub-Sections 10.2.1, 10.2.4, 
and 10.2.5 

Section 10.1 Inspection and acceptance tests for 
MPCs and HI-TRAC 

Section 10.1 

Section 10.1 The testing and inspection acceptance 
criteria applicable to the MPC, including 
the MPC Lid-to-Shell weld, and the HI-

TRAC 

Table 10.1.1 and 10.1.3  

Subsection 10.1.1 Fabrication controls and required 
inspections 

Sub-Section 10.1.1 

Subsection 10.1.1 Weld examination requirements for the 
MPCs and HI-TRAC 

Sub-Section 10.1.1;.4 Tables 
10.1.4 and 10.1.5 

Sub-Section 10.1.2 Structural and pressure test requirements 
for the MPC and HI-TRAC 

Sub-Section 10.1.2 

Sub-Section 10.1.3 Material testing requirements for the 
MPC (except Metamic-HT) and HI-

TRAC 

Sub-Section 10.1.3 
 

Sub-Section 10.1.3 Metamic-HT testing requirements Sub-Section 10.1.3 of latest 
implemented revision of HI-
STORM FW FSAR and PS-

11 [10.1.6] 
Sub-Section 10.1.4 Leakage testing of MPC Sub-Section 10.1.4 
Subsection 10.1.5 Requirements for component tests of 

valves, pressure relief device and fluid 
transport devices associated with the 

MPC and HI-TRAC 

Sub-Section 10.1.5 

Sub-Section 10.1.6 The shielding integrity testing 
requirements for the MPC and HI-TRAC 

Sub-Section 10.1.6 

Sub-Section 10.1.7 The thermal test requirement for the first 
manufactured MPC, either MPC-37 or 

MPC-89 

Sub-Section 10.1.7 

                                                 
1 For convenience of reference, the specific revision of the HI-STORM FW FSAR that is referenced in the safety 
analysis herein is placed in this docket. Updated versions of the HI-STORM FW FSAR shall be placed in this 
docket as necessary so as to ensure that the safety analyses on the “UMAX” docket (72-1040) remain aligned with 
the material referenced in the HI-STORM FW FSAR. 
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10.1 ACCEPTANCE CRITERIA 
 
This section provides the workmanship inspections and acceptance tests to be performed on the 
HI-STORM UMAX ISFSI and VVM prior to and during loading of the system. Information on 
the workmanship inspections and acceptance tests to be performed on the MPC and HI-TRAC 
components are provided in Section 10.1 of the HI-STORM FW FSAR.  These inspections and 
tests provide the assurance that all components of the HI-STORM UMAX system are fabricated, 
assembled, inspected, tested, and accepted for use under the conditions specified in this FSAR 
and the Certificate of Compliance issued by the NRC in accordance with the provisions of 
10CFR72.  
 
The testing and inspection acceptance criteria applicable to HI-STORM UMAX VVM are listed 
in Table 10.1.1 and discussed in more detail in the sections that follow. The testing and 
inspection acceptance criteria applicable to the MPC, including the MPC Lid-to-Shell weld, and 
the HI-TRAC are listed in Table 10.1.1 and 10.1.3 of the HI-STORM FW FSAR and are 
discussed in more detail in the HI-STORM FW FSAR.  Chapter 9 from both this FSAR and the 
HI-STORM FW FSAR provide operating guidance. Chapter 13 of this FSAR provides the bases 
for the Technical Specifications. These inspections and tests are intended to demonstrate that the 
HI-STORM UMAX system has been fabricated, assembled, and examined in accordance with 
the design criteria contained in Chapter 2 of the HI-STORM UMAX FSAR. Identification and 
resolution of manufacturing non-compliances, if any, shall be performed in accordance with the 
Holtec International Quality Assurance Program approved by the USNRC (Docket Number 71-
0784).  
 
The material on testing and maintenance of system components in this FSAR governs the content 
of the daughter documents such as the Manufacturing Manual and the O&M Manual for the 
system components used in the manufacturing and long-term maintenance of the system 
components. 
 
10.1.1 Fabrication and Nondestructive Examination (NDE) 
 
This subsection summarizes the test program required for the HI-STORM UMAX system.  
 
10.1.1.1 Fabrication Requirements 
 
The manufacturing of UMAX VVM components shall be carried out in accordance with the CoC 
holder’s NRC-approved QA program. All elements of the manufacturing cycle will be 
established to accord with the Important-to-Safety (ITS) designation of the specific part 
(indicated in the Licensing drawings) and the applicable provisions of the referenced codes and 
standards. The acceptance criteria for the manufactured components apply to each step of the 
manufacturing evolution, namely (a) supplier selection, (b) preparation of material procurement 
specifications, (c) preparation of the shop traveler and fabrication procedures, (d) fabrication 
activities such as forming, bending, plasma cutting, and welding, (e) in-process inspections, (f) 
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final inspection, (g) packaging for shipment, and (h) assembling of the documentation package to 
serve as the archival evidence of adherence to the quality requirements. 
 
In order to receive the Certificate-of-Compliance under the CoC holder’s QA program, the 
manufacturing of the HI-STORM UMAX VVM components must meet all of the technical, 
quality control, procedural (quality assurance) and administrative requirements set forth in the 
manufacturing program. 
 
Similarly, the steel plates, bars, and forgings, as applicable, used in the construction of the HI-
STORM UMAX VVM shall be dimensionally inspected to assure compliance with the 
requirements on the drawings. Test results shall be documented and become part of the quality 
documentation package. Dimensional inspections of the Closure Lid and its weight measurement 
after placement of the shielding concrete shall assure that the required amount of shielding 
material has been incorporated in the lid. 
 
The fabrication controls and required inspections detailed in Section 10.1 of the HI-STORM FW 
FSAR shall be performed on the MPCs and HI-TRAC transfer casks, in order to assure 
compliance with the HI-STORM FW FSAR, the HI-STORM UMAX FSAR and the Certificate 
of Compliance. Specifically, the following fabrication controls and required inspections shall be 
performed on the HI-STORM UMAX system in order to assure compliance with this FSAR and 
the Certificate of Compliance. 
 

i. Materials of construction specified for the HI-STORM UMAX system are identified 
in the drawings in Chapter 1.  Materials for ITS Components shall be procured with 
certification and supporting documentation as required by the ASME Code, Section 
II, where applicable [10.1.1],  Holtec procurement specifications, and 10CFR72, 
Subpart G. ITS materials and components shall be receipt inspected for visual and 
dimensional acceptability, material conformance to specification requirements, and 
traceability markings, as applicable. Controls shall be in place to ensure that material 
traceability is maintained throughout fabrication.  

 
ii. Structural welds shall be performed using welders and weld procedures that have 

been qualified in accordance with ASME Code Section IX and ASME Section III, 
Subsection NF. Non-structural welds shall be performed using welders and weld 
procedures that have been qualified in accordance with ASME Code Section IX or 
AWS D1.1.   

 
iii. Structural welds shall be visually examined in accordance with ASME Code, Section 

V, Article 9. NDE inspections of structural welds shall be performed in accordance 
with written and approved procedures by personnel qualified in accordance with 
SNT-TC-1A [10.1.2] or other site-specific, NRC-approved program for personnel 
qualification.  Non-structural welds shall be visually examined by qualified welders 
or weld inspectors for cracks and other linear indications which must be repaired 
when identified.   
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iv. Single pass welds identified on the HI-STORM UMAX VVM drawing shall be made 

using a prequalified weld procedure. In addition to the normal procedure 
qualifications required by ASME Section IX or AWS D1.1, the weld procedure shall 
define limits on essential variables such that the weld produced will be guaranteed to 
have a minimum fillet size of 1/8”.  Upon qualification of the weld procedure, the 
single pass welds identified on the licensing drawing can be fabricated and 
verification of use of proper essential variables for welding can be substituted for 
examination for proper weld size.  Single pass welds shall be visually examined by 
qualified welders or weld inspectors for cracks and other linear indications which 
must be repaired when identified.  

 
v. The HI-STORM UMAX system shall be inspected for cleanliness and proper 

packaging for shipping in accordance with written and approved procedures.  
 

vi. Each VVM shall be durably marked with the appropriate model number, a unique 
identification number, and its empty weight per 10CFR72.236(k) at the completion of 
the acceptance test program.  

 
vii. A documentation package shall be prepared and maintained during fabrication of 

each HI-STORM UMAX system to include detailed records and evidence that the 
required inspections and tests have been performed. The completed documentation 
package shall be reviewed to verify that the HI-STORM UMAX system components 
have been properly fabricated and inspected in accordance with the design and Code 
construction requirements. The documentation package shall include, as applicable, 
but not be limited to: 

 
• Completed Shop Weld Records 
• Inspection Records 
• Nonconformance Reports 
• Material Test Reports 
• NDE Reports 
• Dimensional Inspection Report 

 
10.1.1.2 Visual Inspections and Measurements 
 
The HI-STORM UMAX system components shall be assembled in accordance with the licensing 
drawing package in Section 1.5. The drawings provide dimensional tolerances that define the 
limits on the dimensions used in licensing basis analysis. Fabrication drawings provide 
additional dimensional tolerances necessary to ensure fit-up of parts. Visual inspections and 
measurements shall be made and controls shall be exercised to ensure that the cask components 
conform to the dimensions and tolerances specified on the licensing and fabrication drawings. 
These dimensions are subject to independent confirmation and documentation in accordance 
with the Holtec QA program approved in NRC Docket Number 71-0784.  
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The HI-STORM UMAX VVM, except for its Closure Lid, does not require unique marking 
other than that required for fuel ISFSI configuration management because it is not a transportable 
structure. The module is essentially an integral portion of the ISFSI, not a separate cask structure 
that can be moved by the user. As such, the markings provided on the MPC alone are sufficient 
to meet the requirements of 10CFR72.236(k). Nevertheless, it is required that each VVM cavity 
be labeled with an identifier that is unique for the specific site. Further, because the Closure Lid 
will be subject to handling, consistent with defense-in-depth guidelines for handling heavy loads 
at nuclear plants, its unique identifier and its bounding weight shall be permanently marked on a 
readily visible location. 
 
The following shall be verified as part of visual inspections and measurements: 
 

• Visual inspections and measurements shall be made to ensure that the systems’ 
effectiveness is not significantly reduced as a result of manufacturing deviations. Any 
important-to-safety component found to be under the specified minimum thickness shall 
be justified under the rules of 10CFR72.48 or repaired or replaced, as appropriate. 
 

• The HI-STORM UMAX  CEC and Closure Lid shall be inspected to confirm that the 
labeling is complete and legible.   
 

• The system components shall be inspected for cleanliness and prepared for shipment in 
accordance with written and approved procedures. 
 

• Visual inspections shall be made to verify that neutron absorber panels and basket shims 
are present as required by the MPC basket design. 

 
The visual inspection and measurement results for the HI-STORM UMAX system shall become 
part of the final quality documentation package. 
 
10.1.1.3 Weld Examination  
 
The examination of the HI-STORM UMAX system welds shall be performed in accordance with 
the drawing package in Section 1.5 and the applicable codes and standards.  
 
Weld examination requirements for the MPC and HI-TRAC are described in Section 10.1 of the 
HI-STORM FW FSAR.  All structural weld inspections shall be performed in accordance with 
written and approved procedures by personnel qualified in accordance with SNT-TC-1A. 
Structural welds for the VVM shall meet the acceptance criteria of ASME Section III, 
Subsection NF.  All required inspections, examinations, and tests shall become part of the final 
quality documentation package.  Non-structural weld inspections shall be performed by welders 
or weld inspectors qualified in accordance with written procedures.  Non-structural welds shall 
be free of cracks and other linear indications.   
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10.1.2 Structural and Pressure Tests  
 
The structural and pressure test requirements for the MPC and HI-TRAC are described in 
Section 10.1 of the HI-STORM FW FSAR.  The following subparagraphs provide the structural 
and pressure test requirements for the HI-STORM UMAX VVM. 
 
10.1.2.1 Lifting Locations  
 
Because the HI-STORM UMAX system is immovable, it does not utilize any lifting 
appurtenances.  
 
The only removable component in the HI-STORM UMAX system is the Closure Lid which 
features four lift lugs (see drawing in Section 1.5). Because the lugs are integral to the 
component, they possess high ductility and, as shown in Chapter 3, meet the factor of safety of 6 
to yield and 10 to ultimate, as required by ANSI N14.6 [10.1.3].  The requirements for testing 
and inspection of the load handling equipment related to the HI-TRAC and MPC are covered in 
the governing license document for the respective component and are not repeated here. 
 
Section 5 of NUREG-0612 [10.1.4] calls for measures to “provide an adequate defense-in-depth 
for handling of heavy loads...”. The NUREG-0612 guidelines cite four major causes of load 
handling accidents, of which rigging failure is one:   
 

i. operator errors 
ii. rigging failure 
iii. lack of adequate inspection 
iv. inadequate procedures 

 
The cask loading and handling operations program shall ensure maximum emphasis to mitigate 
the potential load drop accidents by implementing measures to eliminate shortcomings in all 
aspects of the operation including the four aforementioned areas. 
 
Each lifting lug will be subjected to a dimensional test in the shop to ensure that it meet the 
dimensional requirements. The lift lugs will be load tested per ANSI 14.6 -1993 prior to the 
shipping of the Closure Lid to the ISFSI site. 
 
10.1.3  Materials Testing 
 
The materials testing requirements for the MPC and HI-TRAC are described in Section 10.1 of 
the HI-STORM FW FSAR.  The following paragraphs provide the materials testing requirements 
for the HI-STORM UMAX VVM. 
 
The steel materials used in the HI-STORM VVM will be tested in accordance with the 
requirements of the applicable material code.   
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The concrete utilized in the construction of the HI-STORM UMAX ISFSI shall be mixed, 
poured, and tested in accordance with the applicable code using written and approved 
procedures. Testing shall verify the material properties meet design requirements. Tests required 
shall be performed at a frequency as defined in the applicable ACI code. 
 
10.1.4  Leakage Testing 
 
Leakage testing shall be performed in accordance with the requirements of ANSI N14.5 [10.1.5].  
Testing shall be performed in accordance with written and approved procedures with acceptance 
criteria being “leak tight” as defined in ANSI N14.5. 
 
Helium leakage testing of the MPC base metals (shell, baseplate, and MPC lid) and MPC shell to 
baseplate and shell to shell welds is performed on the unloaded MPC.  The helium leakage test of 
the vent and drain port cover plates and cover plate to MPC lid welds (field welds) shall be 
performed using procedures meeting the requirements of ANSI N14.5. 
   
If a leakage rate exceeding the acceptance criterion is detected, then the cause of the leakage 
shall be determined and the area repaired per the requirements of ASME Code Section III, 
Subsection NB, Article NB-4450. Re-testing shall be performed until the leakage rate acceptance 
criteria is met. 
 
Leak testing results for the MPC shall be documented and shall become part of the quality record 
documentation package. 
 
There is no leakage testing required for the HI-STORM UMAX VVM.  
 
10.1.5   Component Tests 
 
10.1.5.1 Valves, Pressure Relief Devices, and Fluid Transport Devices 
 
There are no valves, pressure relief device and fluid transport devices associated with the 
HI-STORM UMAX VVM. The requirements for component tests of valves, pressure relief 
device and fluid transport devices associated with the MPC and HI-TRAC are described in 
Section 10.1 of the HI-STORM FW FSAR.   
 
10.1.5.2 Seals and Gaskets 
 
There are no confinement seals or gaskets included in the HI-STORM UMAX system. 
 
 
 
 
10.1.6  Shielding Integrity 
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The shielding integrity testing requirements for the MPC and HI-TRAC are described in Section 
10.1 of the HI-STORM FW FSAR.  There is no criticality control testing required for the 
HI-STORM UMAX VVM.  The shielding integrity testing for the HI-STORM UMAX VVM is 
limited to dimensional checks of the steel components and concrete forming and to confirmation 
of the correct density for the concrete used in the Closure Lid and ISFSI pad.   
 
10.1.7  Thermal Acceptance Tests 
 
The thermal performance of the HI-STORM UMAX system, including the MPCs and HI-TRAC 
transfer cask, is demonstrated through analysis in Chapter 4 of this FSAR and the HI-STORM 
FW FSAR. Dimensional inspections to verify the item has been fabricated to the dimensions 
provided in the drawings shall be performed prior to system loading.  
 
The thermal test requirement for the first manufactured MPC, either MPC-37 or MPC-89 is 
described in Section 10.1 of the HI-STORM FW FSAR. 
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Table 10.1.1  
 

HI-STORM UMAX VVM ASSEMBLY INSPECTION AND TEST ACCEPTANCE 
CRITERIA 

Function Fabrication Pre-operation Maintenance and 
Operations 

Visual 
Inspection and 
Nondestructive 
Examination 
(NDE) 

Structural Steel Components: 
a) All structural welds shall be 

visually examined per ASME 
Section V, Article 9 with 
acceptance criteria per ASME 
Section III, Subsection NF, NF-
5360. 

b) All structural welds requiring 
MT examination as shown on 
the drawings shall be MT 
examined per ASME Section 
V, Article 7 with acceptance 
criteria per ASME Section III, 
Subsection NF, NF-5340. 

c) NDE of weldments shall be 
defined on design drawings 
using ANSI  NDE symbols 
and/or notations. 

 
 

a) The VVM shall be 
visually inspected 
for general 
condition of 
coatings and 
insulation and for 
presence of FME 
prior to placement 
in service. 

b) VVM Assembly 
protection at the 
licensee’s facility 
shall be verified. 

c) Exclusion of 
foreign material 
shall be verified 
prior to placing 
the VVM 
Assembly in 
service at the 
licensee’s facility. 

a) Indications identified 
during visual inspection 
shall be corrected, 
reconciled, or otherwise 
dispositioned. 

b) Exposed surfaces shall 
be monitored for coating 
deterioration and 
repair/recoat as 
necessary. 
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Table 10.1.1 (continued) 
 

HI-STORM UMAX VVM ASSEMBLY INSPECTION AND TEST ACCEPTANCE 
CRITERIA 

Function Fabrication Pre-operation Maintenance and 
Operations 

Visual 
Inspection and 
Nondestructive 
Examination 
(NDE) 
(continued) 

General: 
a) Cleanliness of the VVM 

Assembly shall be verified 
upon completion of fabrication. 

b) Packaging of the VVM 
Assembly at the completion of 
shop fabrication shall be 
verified prior to shipment. 

c) Labeling of the CEC and the 
Closure Lid 

 

General: 
a)  Labeling of the 

CEC and the 
Closure Lid 

 

 

Structural a) Verification of structural 
materials shall be performed 
through receipt inspection and 
review of certified material 
test reports (CMTRs) obtained 
in accordance with the item’s 
quality category.  

b) Load testing of Closure Lid 
lift points 

 

a) No structural or 
pressure tests are 
required for the 
VVM  during pre-
operation. 

a) No structural or pressure 
tests are required for the 
VVM during operation. 

Leak Tests a) None. a) None. a) None.  
Shielding 
Integrity 

a) Concrete density shall be 
verified per Appendix 1.D of 
[10.1.4], at time of placement. 

 
b) Shell thicknesses and 

dimensions between inner and 
outer shells shall be verified as 
conforming to design drawings 
prior to concrete placement in 
the Closure Lid. 

 
 

a) None a) None. 
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Table 10.1.1 (continued) 
 

HI-STORM UMAX VVM ASSEMBLY INSPECTION AND TEST ACCEPTANCE 
CRITERIA 

Function Fabrication Pre-operation Maintenance and 
Operations 

Thermal 
Acceptance 

a) Inner shell I.D. and vent size, 
configuration and placement 
shall be verified. 

a) Visual examination 
of the insulation 
and coatings will be 
performed to verify 
that they are in 
good condition 

b) Air flow paths will 
be visually 
inspected to ensure 
they are clear and 
free of FME. 

a) MPC lid temperature test 
shall be performed as 
discussed in Section  
10.3 

 
b) Periodic surveillance 

shall be performed by 
either (1) or (2) below, at 
the licensee’s option. 

 
(1) Inspection of VVM  inlet 

and outlet air vent 
openings for debris and 
other obstructions. 

(2) Temperature monitoring. 
Cask 
Identification 

a) Verification that the VVM  
identification is present in 
accordance with the drawings 
shall be performed upon 
completion of assembly. 

a) The VVM 
identification shall 
be checked prior to 
loading. 

a) The VVM identification 
shall be periodically 
inspected per licensee 
procedures and repaired 
or replaced if damaged. 

Fit-up Tests a) Where closely toleranced 
alignment between mating 
components is required, a 
component-to-component fit-up 
shall be performed directly 
whenever practical or using 
templates or other means.  

a) Lid fit-up with the 
VVM shall be 
verified following 
placement of 
concrete around the 
VVM. 

a) None. 
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10.2 SITE CONSTRUCTION 
 
Like the aboveground HI-STORM overpacks, the site construction activities on the HI-STORM 
UMAX  VVM components and ISFSI structures (namely, the Support Foundation Pad, the ISFSI 
Pad Subgrade, the ISFSI Pad, and the Enclosure Wall) shall be carried out to demonstrate 
compliance with the technical criteria set forth in this FSAR. The specific requirements, to 
ensure that the required critical characteristics* of the VVM and the interfacing SSCs are 
realized, are summarized below. 
 

a. All site construction processes shall be controlled by procedures, work instructions, or 
similar processes.  These shall be reviewed and approved in accordance with the CoC 
holder or the site-licensee’s NRC approved QA program. 
 

b. All HI-STORM UMAX  VVM components and structures designated as ITS shall be 
subject to the necessary quality assurance regimen established in accordance with the 
Company’s QA program. The major NITS components in the ISFSI are the inlet and 
outlet flue extensions including the chimney cover and the concrete casement around the 
CEC shell, and the cathodic protection system (if used). 

 
c. Compliance with the requirements in this FSAR shall be demonstrated by appropriate 

testing and the results documented for archival reference. For example, the strength 
properties of the subgrade can be established using the classical “plate test” or an 
equivalent method endorsed by a national consensus standard. 

 
d. The density and compressive strength of the ISFSI concrete and the yield strength of the 

re-bars used in the ISFSI structures shall be confirmed to comply with the Purchasing 
Specification prepared by the cask designer for the particular site. 

 
e. The insulation installed on the Divider shell shall be subject to visual examination to 

ensure that it is undamaged and properly secured. 
 
f. The coating on the exterior surface, if used, of the CEC shall be inspected for absence of 

gross damage before the surface becomes inaccessible. 
 

g. The concrete encasement, if used, shall be installed in accordance with the provisions of 
Chapter 8. 

 
h. The dimensional compliance of the CEC, including its verticality, shall be inspected to 

establish compliance with the governing construction documents. 
 
i. The installation of the corrosion barriers shall be in accordance with written procedures. 
 

                                                 
* See Glossary for definition. 
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j. All VVM surfaces that become inaccessible shall be photographed with sufficient 
resolution to provide a clear archive of their in-situ state at installation. 
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10.3 INSPECTIONS AND TESTING  
 

i. Post-Construction Inspection: 
 

Each as-built HI-STORM UMAX VVM shall be inspected for final acceptance before it is 
loaded with fuel. The following inspections define minimum acceptance requirements: 

 
a. The as-installed CEC shall be inspected to ensure that it will not hinder 

installation of the Closure Lid. 
 

b. The CEC  Flange  Shell gasket/seal bearing surfaces shall be inspected for its 
horizontal alignment (within specified tolerance).  The seals shall be inspected for 
general condition (lack of cuts, tears, or degradation that could lead to poor 
sealing).   

 
c. The Closure Lid skirt shall be checked for fit-up with the CEC  Flange. 

 
d. The outlet air passage in the Closure Lid shall be inspected for absence of 

obstruction such as debris and extensive weld spatter. 
 
e. The results of the post-construction inspection shall be incorporated in the VVM’s 

Documentation Package. 
 

f. The impressed current cathodic protection system (ICCPS), if used, shall be 
tested for operability using Holtec provided procedures. 

 
ii. Shielding Integrity and Effectiveness Test: 
 

Operational neutron and gamma shielding effectiveness tests shall be performed after the first 
fuel loading at the host plant site using written and approved procedures. Calibrated neutron and 
gamma dose rate meters shall be used to measure the actual neutron and gamma dose rates at the 
accessible surface of the HI-STORM UMAX VVM. Measurements shall be taken at the 
locations specified in the Radiation Protection Program for comparison against the prescribed 
limits. The test is performed to identify the expected dose levels around the VVM in order to 
plan for appropriate radiation protection measures for future cask loadings.  Dose rate 
measurements shall be documented and shall become part of the quality record of the loaded 
cask. 
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iii. Thermal Acceptance Test 
 
The thermal performance of the HI-STORM UMAX system is demonstrated through analysis in 
Chapter 4 of this FSAR.  
 
However, a thermal acceptance test shall be performed on the first fully loaded VVM assembly 
whose aggregate MPC heat load is at least 50% of the Design Basis maximum heat load per the 
system CoC. (Because of its in-ground installation, a thermal test at a lower heat load is apt to be 
too inaccurate to provide meaningful information.) 
 
After the system has been in storage for at least one week (to reach steady state) and when the 
ambient is relatively quiescent and the solar heat deposition rate is minimal, the surface 
temperature of the top of the MPC lid shall be measured at the center and 4 orthogonally 
disposed peripheral locations. 
 
The measured lid temperature data (at designated measurement points) shall be compared with 
the results predicted by the FLUENT analysis.  
 
The measured temperatures (in Deg. F) must be no greater than 5% over the corresponding 
analytically predicted temperatures to be acceptable. Otherwise, the Design Basis heat load 
capacity of the VVM assembly will be downgraded by incorporating a penalty factor in the 
FLUENT model and the USNRC so informed. The reduced heat load values will become the de 
facto limits for all VVMs at the site until a root cause evaluation indicates extenuating 
circumstances unique to the site. 
 
The heat load anomaly must be resolved by additional testing: until then, the reduced heat load 
limit will apply to all HI-STORM UMAX sites. 
 
The technical specifications require periodic surveillance of the system air inlet and outlet vents 
or, optionally, implementation of a HI-STORM UMAX VVM air temperature monitoring 
program to provide continued assurance of the operability of the HI-STORM UMAX heat 
removal system. 
 

iv. Storm Water Control Test 
 
The HI-STORM UMAX VVM is designed to direct storm water and snow/ice melt-off away 
from the CEC Flange and the Closure Lid where the air passages are located. The engineered 
rain caps installed on the inlet and outlet serve to keep rain and snow away from the VVM 
cavity. Moreover, any minor amount of moisture that may intrude into the MPC storage cavity 
due to wind-driven rain will evaporate in a short period of time due to the continuous movement 
of heated air in the MPC storage cavity. To verify the effectiveness of the storm water drainage 
design, a one-time test shall be performed after construction of the first VVM to ensure that the 
design is effective in directing storm water away from the VVM to the ISFSI’s drainage system. 
The VVM shall be subjected to a water spray that simulates exposure to rainfall of at least 2 
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inches per hour for at least one hour. At the conclusion of the water spray, the depth of the water 
(if any) in the bottom of the module cavity shall be measured. Any amount of water 
accumulation beyond wetting of the Bottom Plate indicates an inadequacy in rain diversion 
features of the VVM and shall be appropriately corrected. It should be noted that accumulation 
of water is not injurious to the thermal performance of the system. The only deleterious effect of 
prolonged exposure to water is the potential for reducing the service life of the preservative on 
the wetted surface of the Bottom Plate, CEC shell, and other interfacing components. 
 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001599

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-6, Page 255 of 301
(1628 of 2110)



 

 
HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 

HI-2115090 Rev. 3 
10-19 

 

10.4 MAINTENANCE PROGRAM 
 
An ongoing maintenance program shall be defined and incorporated into the HI-STORM UMAX 
system Operations and Maintenance Manual, which shall be prepared and issued prior to the first 
use of the system by a user. This document shall delineate the detailed inspections, testing, and 
parts replacement necessary to ensure continued structural, thermal performance, and 
radiological safety in accordance with 10CFR72 regulations, the conditions in the Certificate of 
Compliance, and the design requirements and criteria contained in this FSAR.  
 
This section addresses the maintenance program for the HI-STORM UMAX VVM. The HI-
STORM UMAX system does not require any changes to the maintenance requirements for the 
MPC described in its governing FSARs.  
 
The HI-STORM UMAX system is totally passive by design and requires minimal preventive 
maintenance to ensure that it will render its intended design functions satisfactorily. Periodic 
surveillance (via temperature monitoring or visual or camera-aided inspection of air passages) is 
required to ensure that the air passage in the VVM is not blocked. Preventive or remedial 
painting of the exposed steel surfaces as part of the user’s preventive maintenance program is 
recommended to mitigate corrosion. Such preventive maintenance activities are typical in scope 
and complexity to other standard maintenance activities at nuclear power plants.   
 
In-service inspection for long-term interior and below-grade degradation shall be performed on a 
site-specific basis in accordance with Holtec specified long-term maintenance guidelines and the 
licensee’s preventive maintenance program. At most potential ISFSI sites, visual inspection of 
accessible areas of the HI-STORM UMAX VVM is expected to be sufficient to detect in-service 
degradation. The frequency of this visual in-service inspection should be in performed in 
accordance with Table 10.4.1 
 
Additional in-service inspection activities may include more thorough inspections for foreign 
material accumulation, corrosion (CEC wall thinning) and insulation degradation as warranted 
by site-specific conditions. In-service inspections for evaluating foreign material accumulation, 
corrosion (CEC wall thinning) and/or insulation degradation are not required if it is determined 
that the applicable degradation actuating mechanisms do not exist. A VVM with a loaded MPC 
may be inspected using remote devices such as a boroscope. The oldest VVM or VVM 
considered to be most vulnerable to corrosion degradation shall be selected for inspection. 
 
As is true for all components certified pursuant to this FSAR, the maintenance activities on the 
HI-STORM UMAX VVM shall be performed in accordance with a written program that fulfills 
the requirements of the CoC holder’s 10CFR72 Subpart G compliant QA program; the owner 
site’s Safety Plan and corrective action program; and the system’s Technical Specification.  
 
Among the QA commitments are performance of maintenance by trained personnel by written 
procedures and written documentation of the maintenance work performed and of the results 
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obtained. Table 10.4.2 provides a listing of the minimum maintenance activities on the HI-
STORM UMAX VVM. 
 
In summary, the HI-STORM UMAX System is totally passive by design: There are no active 
components or monitoring systems required to assure the performance of its safety functions. As 
a result, only minimal maintenance will be required over its lifetime, and this maintenance would 
primarily result from the effects of weather. Typical of such maintenance would be the 
reapplication of corrosion inhibiting materials on accessible external surfaces. Visual inspection 
of the vent screens is required to ensure the air flow passages are free from obstruction. Such 
maintenance requires methods and procedures that are far less demanding than those currently in 
use at power plants.  
 
Maintenance activities shall be performed under the licensee's NRC-approved quality assurance 
program. Maintenance activities shall be administratively controlled and the results documented.   
 
10.4.1  Structural and Pressure Parts 
 
Prior to each MPC loading, a visual examination in accordance with a written procedure shall be 
required of the Closure Lid lift lugs and the HI-TRAC Tapped Anchor Locations (TALs), bottom 
lid bolts, and bolt holes. The examination shall inspect for indications of overstress such as 
cracks, deformation, wear marks, corrosion, etc. Repairs in accordance with written and 
approved procedures shall be required if an unacceptable condition is identified.   
As described in Chapters 7 and 12 of this FSAR, there are no credible normal, off-normal, or 
accident events which can cause the structural failure of the MPC. Therefore, periodic structural 
or pressure tests on the MPCs following the initial acceptance tests are not required as part of the 
storage maintenance program.  
 
10.4.2  Leakage Tests 
 
There are no seals or gaskets used on the fully-welded MPC confinement system. As described 
in Chapters 7 and 12, there are no credible normal, off-normal, or accident events which can 
cause the failure of the MPC Confinement Boundary welds. Therefore, leakage tests are not 
required as part of the storage maintenance program.  
 
10.4.3  Subsystem Maintenance 
 
The HI-STORM UMAX System does not include any active subsystems that provide auxiliary 
cooling. If the cask user chooses to use an air temperature monitoring system in lieu of visual 
inspection of the air inlet and outlet vents, the thermocouples and associated temperature 
monitoring instrumentation shall be maintained and calibrated in accordance with the user’s QA 
program commensurate with the equipment’s safety classification and designated QA category.  
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10.4.4  Pressure Relief Devices  
 
The pressure relief devices used on the water jackets for the HI-TRAC transfer cask shall be 
confirmed to have been calibrated as specified in the licensing basis FSAR for the HI-TRAC to 
ensure pressure relief settings are accurate prior to the cask’s use at a HI-STORM UMAX ISFSI. 
  
10.4.5 Shielding 
 
The gamma and neutron shielding materials in the HI-TRAC and MPC are not subject to 
measurable degradation over time or as a result of usage. The radiation shielding capacity of the 
HI-STORM UMAX System is expected to remain undiminished over time. Therefore, unless the 
VVM is subjected to an extreme environmental event that imparts stresses or temperatures 
beyond-the-design-basis limits for the system (i.e., prolonged fire or impact from a beyond-the-
design basis large energetic projectile) with the plausible potential to degrade the shielding 
effectiveness of the VVM, no shielding effectiveness tests beyond that required by the plant’s 
Radiation Protection Program are required over the life of the HI-STORM UMAX System.  
 
Radiation monitoring of the ISFSI by the licensee in accordance with 10CFR72.104(c) provides 
ongoing evidence and confirmation of shielding integrity and performance. If increased radiation 
doses are indicated by the facility monitoring program, additional surveys of the ISFSI shall be 
performed to determine the cause of the increased dose rates.  
 
The water level in the HI-TRAC water jacket shall be verified during each loading campaign in 
accordance with the licensee's approved operations procedures.  
 
The neutron absorber panels installed in the MPC baskets are not expected to degrade under 
normal long-term storage conditions. Therefore, no periodic verification testing of neutron 
poison material is required on the HI-STORM UMAX System.  
 
10.4.6  Thermal 
 
In order to assure that the HI-STORM UMAX System continues to provide effective thermal 
performance during storage operations, surveillance of the air vents (or alternatively, by 
temperature monitoring) shall be performed in accordance with written procedures.  
 
For those licensees choosing to implement temperature monitoring as the means to verify VVM 
Assembly heat transfer system operability, a maintenance and calibration program shall be 
established in accordance with the plant-specific Quality Assurance Program, the equipment’s 
quality category, and manufacturer’s recommendations. 
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Table 10.4.1 

HI-STORM SYSTEM MAINTENANCE PROGRAM SCHEDULE 

Task Frequency 

VVM cavity visual inspection Prior to MPC loading 
 Divider shell  visual inspection Prior to MPC loading 
Closure Lid visual inspection  Prior to MPC loading  
VVM external surface (accessible) 
visual examination 

Annually, during storage operation 

VVM inlet and outlet vent screen 
visual inspection for damage, holes, 
etc. 

Monthly 

VVM inlet and outlet vent 
inspection for blockage 

Daily unless monitoring is performed using 
temperature monitoring equipment 

HI-TRAC cavity visual inspection Prior to each handling campaign 
HI-TRAC TAL visual inspection Prior to each handling campaign 
HI-TRAC bottom lid bolts and bolt 
holes 

Prior to each handling campaign 

HI-TRAC pressure relief device 
calibration 

Per the device manufacturer’s recommendation. 

HI-TRAC water jacket water level 
visual examination 

During each handling campaign in accordance with 
licensee approved operations procedures 

VVM visual inspection of 
identification markings 

Annually 

VVM Air Temperature Monitoring 
System 

Per licensee’s QA program and manufacturer’s 
recommendations 

VVM inlet plenum inspection for 
accumulation of FME. 

Every five years or following a severe weather event 
that may introduce significant FME material. 
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Table 10.4.2 
 

MAINTENANCE ACTIVITIES FOR THE HI-STORM UMAX VVM 
 Activity Frequency Comment 

1. CEC cavity is visually 
inspected 

Prior to MPC installation To ensure that VVM internal 
components are properly aligned, 
the surface preservatives on all 
exposed surfaces are undamaged, 
the insulation on the Divider Shell 
is undamaged and the cavity is 
free of visible foreign material. 

2. Lid Examination Prior to MPC installation Ensure that the preservatives on 
the external surfaces are in good 
condition and the lid is free of 
dents and rust stains. 

3. Screen Inspection Prior to installation of the flanged 
screen assembly and monthly 
when in use 

Ensure that the screen is 
undamaged.  

4. ISFSI pad  Annually Ensure that the ISFSI Pad (raised 
areas near the VVM) is free of 
visible cracks or repaired as 
appropriate, the interface between 
the ISFSI Pad and the CEC  
Flange is grouted (or caulked) if 
necessary, the ISFSI drain system 
is functional, the ground water 
collection and removal system (if 
used) is in working order. Ensure 
that the subgrade settlement is 
minimal and unsightly surface 
cracks in the ISFSI pad have not 
developed. Implement counter 
measures to prevent the opening 
of surface cracks and excessive 
pad settlement, if observed. The 
cathodic protection system shall 
be routinely verified as operable 
in accordance with the guidance 
set forth in this FSAR and the 
CoC. 

5. Shielding Effectiveness 
Test 

As required by the Radiation 
Protection Program 

 
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Table 10.4.2 (continued) 
 

MAINTENANCE ACTIVITIES FOR THE HI-STORM UMAX VVM 
 Activity Frequency Comment 

6. ISFSI Settlement Every five years Confirm that the VVM settlement 
is within the range of the Plant’s 
“best estimate”. Implement 
countermeasures if the settlement 
is determined to be excessive by 
the CoC holder. 

7. VVM Air Temperature 
Monitoring System (if 
used) 

Per Licensee’s QA Program and 
manufacturer’s recommendations 

 

8. VVM In-Service 
Inspection 

Annually Ensure that the vent screen 
assembly fasteners or weldments 
remain coated with preservative, 
the screen is undamaged, all 
visible external surfaces are free 
from significant corrosion, and 
the air passages are not degraded. 

10. Additional VVM In-
Service Inspection for 
Long-Term Interior and 
Below-grade 
Degradation:  
 
a) Visual inspection of 
accessible areas for long-
term degradation. 
 
b) Additional in-service 
inspection activities 
include inspection for 
foreign material 
accumulation, corrosion 
(CEC thinning) and 
insulation degradation 
 
 

a) Monthly visual inspection of 
accessible areas.  
 
b) Frequencies for additional in-
service inspections are 
determined on a site-specific 
basis.  
 
 

Inspection activities shall be 
commensurate with site-specific 
conditions. Under site conditions 
existing at most ISFSI sites, 
visual inspection of accessible 
areas is sufficient to determine the 
general condition of the system.  
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10.5 CASK IDENTIFICATION 
 
The HI-STORM UMAX VVM and Closure Lids shall be marked with a durable unique 
identifier to comply with the provisions of 10CFR72.236(k). Each MPC and HI-TRAC transfer 
cask shall be marked with a model number, identification number (to provide traceability back to 
documentation), and the empty weight of the item in accordance with the marking requirements 
specified in 10 CFR 72.236(k). 
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10.6 REGULATORY COMPLIANCE 
 
The information presented in this chapter fulfills the regulatory requirements pertaining to the 
testing and maintenance of the HI-STORM UMAX System, resolution of issues concerning 
adequacy and reliability, and cask identification. This section demonstrates the corresponding 
compliance information on the HI-STORM UMAX VVM. 
 
a. The program for pre-operational testing and initial operations, as required by 

10CFR72.24(p) for the HI-STORM UMAX VVM, is provided in Section 10.3 herein. 
 
b. The maintenance protocol for the HI-STORM UMAX VVM, as specified in §72.236(g), 

is provided in Section 10.4 herein. 
 
c. The quality assurance requirements on the design, fabrication, and on-site construction of 

the HI-STORM UMAX  VVM commensurate with its ITS designation (as defined in 
Section 1.5) are invoked through Chapter 14 of this FSAR and summarized in Sections 
10.1, 10.2, and 10.3 herein as called for in §72.24(c), §72.122(a), §72.122(f), 
§72.128(a)(1) and §72.236(l). 

 
d. The provisions of §72.82(d) and §72.162 with respect to acceptance criteria and the 

appropriate test program to ensure compliance with the acceptance criterion are fulfilled 
by Section 10.1, et seq., herein. 

 
e. The quality requirements with respect to inspection, testing, and documentation, as set 

down in §72.212(b)(8), are provided in Section 10.1 herein. 
 
f. The provisions of §72.236(k) with respect to labeling is met as provided in Section 10.1 

here-in.   
 
g.  The quality requirements with respect to design and testing for methods of criticality 

control and confinement effectiveness as set down in §72.124(b), §72.236(c), and 
§72.236(j) are provided in the governing licensing documents applicable to the MPC type 
to be stored in the UMAX and are not part of the scope of this application. 
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 CHAPTER 11: RADIATION PROTECTION 
 
11.0   INTRODUCTION  
 
This chapter contains the design considerations and operational features that are 
incorporated in the HI-STORM UMAX system to protect plant personnel and the public 
from exposure to radioactive contamination and ionizing radiation during handling of the 
loaded MPCs at the ISFSI. Occupational exposure estimate for typical canister handling 
operations described in Chapter 9 is discussed in this chapter. Chapter 5 presents dose 
evaluations at 100 m from a single HI-STORM UMAX system. This 100 m dose 
information from Chapter 5 can be used for ISFSI planning purposes. The information 
provided in this chapter meets the requirements of NUREG-1536 [11.0.1]. 
 
The HI-STORM UMAX is an underground vertical ventilated module (VVM) designed 
to accommodate all MPC models listed in Table 1.2.1 for storage at an ISFSI. However, 
this chapter only supports the certification of the MPC-37 and MPC-89. Because of its 
underground disposition, the radiological dose to plant personnel as well as members of 
the general public from an operating ISFSI with HI-STORM UMAX VVM assembly is 
well below those of its aboveground counterpart. Since the determination of off-site 
doses is necessarily site-specific, similar dose assessment shall be prepared by the 
licensee as part of implementing the HI-STORM UMAX System in accordance with 
10CFR72.212 [11.0.2]. 
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11.1 ENSURING THAT OCCUPATIONAL RADIATION  
  EXPOSURES  ARE AS-LOW-AS-REASONABLY- 
  ACHIEVABLE (ALARA) 

 
11.1.1             Policy Considerations 

 
The HI-STORM UMAX has been designed in accordance with 10CFR72 [11.0.2]  and 
maintains radiation exposures ALARA-consistent with 10CFR20 [11.1.1] and the 
guidance provided in Regulatory Guides 8.8 [11.1.2] and 8.10 [11.1.3]. Licensees using 
the HI-STORM UMAX system are permitted to utilize and apply their existing site 
ALARA policies, procedures, and practices for ISFSI activities to ensure that personnel 
exposure requirements of 10CFR20 [11.1.1] are met. Personnel performing ISFSI 
operations shall be trained on the operation of the HI-STORM UMAX system, and shall 
be familiarized with the expected dose rates around the MPC, HI-STORM VVM, and HI-
TRAC transfer cask during all phases of loading, storage, and unloading operations. Pre-
job ALARA briefings will be held with workers and radiological protection personnel 
prior to work on or around the HI-STORM UMAX system. Worker dose rate monitoring, 
in conjunction with trained personnel and well-planned activities, will significantly 
reduce the overall dose received by the workers. When preparing or making changes to 
site-specific procedures for ISFSI activities, users shall ensure that ALARA practices are 
implemented and the 10CFR20 [11.1.1] standards for radiation protection are met in 
accordance with the site's written commitments.     
 
11.1.2   Radiation Exposure Criteria  
 
The radiological protection criteria that limit exposure to radioactive effluents and direct 
radiation from an ISFSI using the HI-STORM UMAX system are as follows: 
 

1. 10CFR72.104 [11.0.2] requires that for normal operation and anticipated 
occurrences, the annual dose equivalent to any real individual located 
beyond the owner-controlled area boundary must not exceed 25 mrem to 
the whole body, 75 mrem to the thyroid, and 25 mrem to any other critical 
organ. This dose would be a result of planned discharges, direct radiation 
from the ISFSI, and any other radiation from uranium fuel cycle 
operations in the area. The licensee is responsible for demonstrating site-
specific compliance with these requirements. As discussed below, the 
design features of the HI-STORM UMAX system components are 
configured to meeting this and other criteria cited below without undue 
burden to the user. 
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2. 10CFR72.106 [11.0.2] requires that any individual located on or beyond 
the nearest owner-controlled area boundary may not receive from any 
design basis accident the more limiting of a total effective dose equivalent 
of 5 rem, or the sum of the deep dose equivalent and the committed dose 
equivalent to any individual organ or tissue (other than the lens of the eye) 
of 50 rem. The lens dose equivalent shall not exceed 15 rem and the 
shallow dose equivalent to skin or to any extremity shall not exceed 50 
rem. The licensee is responsible for demonstrating site-specific 
compliance with this requirement. 

 
3. 10CFR20 [11.1.1], Subparts C and D, limit occupational exposure and 

exposure to individual members of the public. The licensee is responsible 
for demonstrating site-specific compliance with this requirement. 

 
4. Regulatory Position 2 of Regulatory Guide 8.8 [11.1.2] provides guidance 

regarding facility and equipment design features. This guidance has been 
followed in the design of the HI-STORM UMAX storage system as 
described below: 

• Regulatory Position 2a, regarding access control, is met by 
locating the ISFSI in a Protected Area in accordance with 
10CFR72.212(b)(5)(ii) [11.0.2] Depending on the site-specific 
ISFSI design, other equivalent measures may be used.  
Unauthorized access is prevented once a HI-STORM UMAX 
VVM is loaded in an ISFSI. Due to the passive nature of the 
system, only limited monitoring is required, thus reducing 
occupational exposure and supporting ALARA considerations. The 
licensee is responsible for site-specific compliance with these 
criteria. 

• Regulatory Position 2b, regarding radiation shielding, is met by the 
storage cask and transfer cask biological shielding that minimizes 
personnel exposure, as described in Chapter 5 and in this chapter. 
Fundamental design considerations that most directly influence 
occupational exposures with dry storage systems in general and 
which have been incorporated into the HI-STORM UMAX system 
design include: 

– system designs that reduce or minimize the number of 
handling and transfer operations for each spent fuel 
assembly;  
 

– system designs that reduce or minimize the number of 
handling and transfer operations for each MPC loading; 
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– system designs that maximize fuel capacity, thereby taking 
advantage of the self-shielding characteristics of the fuel 
and the reduction in the number of MPCs that must be 
loaded and handled;  
 

– system designs that minimize planned maintenance 
requirements; 

 
– system designs that minimize decontamination 

requirements at ISFSI decommissioning;   
 

– system designs that optimize the placement of shielding 
with respect to anticipated worker locations and fuel 
placement; 

 
– thick ISFSI pad  and Self-hardening Engineered Subgrade 

(SES) provide gamma and neutron shielding; 
 

– streaming paths in the HI-STORM UMAX VVM 
minimized and  limited to the air vent passages; and   

 
– low-maintenance design to reduce occupational dose during 

long-term storage. 
 

• Regulatory Position 2c, regarding process instrumentation and 
controls, is met since there are no radioactive systems at an ISFSI. 

• Regulatory Position 2d, regarding control of airborne 
contaminants, is met since the HI-STORM UMAX storage system 
is designed to withstand all design basis conditions to protect the 
MPC from losing its confinement integrity. As a result, it is 
reasonable to postulate that no gaseous releases are anticipated. No 
surface contamination is expected since the exterior of the MPC is 
delivered in a clean condition when the transfer cask arrives at the 
ISFSI. 

• Regulatory Position 2e, regarding crud control, is not applicable to 
a HI-STORM UMAX system ISFSI since there are no radioactive 
systems at an ISFSI that could contain crud. 

• Regulatory Position 2f, regarding decontamination, is met since the 
exterior of the loaded transfer cask is decontaminated prior to 
being removed from the plant's fuel building.   

• Regulatory Position 2g, regarding monitoring of airborne 
radioactivity, is met since the MPC provides confinement for all 
design basis conditions. There is no need for monitoring since no 
airborne radioactivity is anticipated to be released from the casks at 
an ISFSI. 
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• Regulatory Position 2h, regarding resin treatment systems, is not 
applicable to an ISFSI since there are no treatment systems 
containing radioactive resins at the ISFSI. 

• Regulatory Position 2i, regarding other miscellaneous ALARA 
items, is met since stainless steel is used in the MPC Enclosure 
Vessel. This material is resistant to the damaging effects of 
radiation and is well proven in the used fuel cask service. Use of 
this material quantitatively reduces or eliminates the need to 
perform maintenance (or replacement) on the primary confinement 
system. 
 

11.1.3   Operational Considerations 
 
Operational considerations that most directly influence occupational exposures with dry 
storage systems in general and that have been incorporated into the design of the HI-
STORM UMAX system include: 
 

• totally-passive design requiring minimal maintenance and 
monitoring (other than security monitoring) during storage; 

• remotely operated  lift yoke and mating device  to reduce time 
operators spend in the vicinity of the loaded MPC; 

• descriptive operating procedures that provide guidance to  
minimize dose and alert workers to possible changing radiological 
conditions; 

• preparation and inspection of the HI-STORM UMAX VVM and 
the  HI-TRAC transfer cask in low-dose areas; 

• HI-STORM UMAX VVM temperature monitoring equipment 
allows remote monitoring of the vent operability surveillance; 

• a sequence of short-term operations based on ALARA 
considerations; and 

• use of mock-ups and dry run training to prepare personnel for 
actual work situations 

 

11.1.4  Auxiliary/Temporary Shielding 
 
In addition to the design and operational features built into the HI-STORM UMAX 
system components, a number of ancillary shielding devices can be deployed to mitigate 
occupational dose. Ancillaries are developed on a site-specific basis that further reduce 
radiation at key work locations and/or allow for a rapid execution of operations to reduce 
the time personnel spend in the radiation field. Licensees are encouraged to use such 
ALARA-friendly ancillaries and practices.  
 
To further reduce the occupational and site boundary dose rates, an optional divider shell 
shield ring (attached to the divider shell) can be implemented. The drawings provided in 
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Chapter 1 give more information about this shield ring specification. The results 
presented in this chapter are for the cases without this shield ring. However, in site 
specific dose evaluations, this shield ring may be credited if it is used. 
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11.2 RADIATION PROTECTION FEATURES IN THE 
  SYSTEM DESIGN 
 
As shown in Chapter 5, the HI-STORM UMAX system has excellent radiation blockage 
characteristics. The long-term shielding effectiveness in the HI-STORM UMAX system 
is assured to an extremely high level of confidence by virtue of its physical configuration, 
choice of materials, and design embodiment, as summarized below: 
 

a. Absence of penetrations in the VVM body: The CEC has no penetrations 
and thus has no path that can serve as a conduit for radiation streaming. 
All penetrations are in the lid and are configured to maximize scattering of 
photons and neutrons.  

 
b. Axisymmetric penetrations in the lid: As shown in the drawings, the only 

penetration in the lid − the exit vent − is axisymmetric that precludes a 
direct “line-of-sight” from the fuel to the outside. Because the air passage 
in the lid is formed by welded steel shapes, they will remain invariant over 
time, making their shielding performance reliably constant over years of 
use. 

 
c. Aging of foundation, subgrade: Even though a very stiff support 

foundation is specified, some settlement of the foundation is expected. 
However, any settlement of the foundation would have no deleterious 
effect on the extent of shielding to the environment. 

 
 Furthermore, because the subgrade is unloaded, except when a transporter 

is passing over it, the settlement of the ISFSI pad is expected to be 
minimal over the ISFSI’s service life. Any subgrade settlement, however, 
will result in a corresponding compaction of its material, which will 
improve the subgrade’s shielding capability. The settlement of the 
subgrade will not result in any new loading on the CEC structure (which is 
autonomously supported on the foundation) or the Closure Lid, which is 
autonomously supported on the CEC structure. As required by the 
system’s maintenance program, any visible gap or crevice between the 
Container Flange and the surface pad shall be filled with grout or caulking 
for both aesthetic purposes and enhancement of degradation and corrosion 
mitigation. 

 
d. Effect of Corrosion: It can be readily deduced from the VVM’s design that 

the only surfaces that are not accessible for corrosion monitoring are the 
bottom face and outer cylindrical surface of the CEC. As discussed in 
Chapter 8, corrosion mitigation measures for these surfaces are prescribed 
and expected to provide adequate corrosion mitigation beyond the Design 
Life of the VVM. Additionally, any CEC or bottom plate corrosion would 
have a negligible effect on the off-site dose as the majority of the off-site 
dose contribution is from the inlets, the inlet plenum region and the outlet. 
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Thus, the potential for reduction in the shielding effectiveness of the HI-
STORM UMAX system due to corrosion is not a concern.  

 
e. Water Intrusion: The HI-STORM UMAX system has three barriers 

against water intrusion in the fuel space, each of which is engineered to 
independently prevent incursion of water: 

 
i. The Support Foundation pad and the Enclosure shell (see the Drawing 

package in Section 1.5) provide a robust barrier against seepage of 
groundwater in the subgrade surrounding the CECs. 

 
ii. The CEC is a thick-walled welded container that has no penetrations in 

its body through which water may leak in the MPC storage cavities. 
 

iii. The MPC is a stainless steel weldment designed with fully 
volumetrically examined  Section III class 1 butt welds.  

 
f. Materials of Construction: The materials of construction in the 

underground portion of the CEC are carbon steel and stainless steel, both 
of which are proven materials of long-term shielding endurance under 
neutron and gamma fluence levels that are orders of magnitude greater 
than those present in the CEC. The Closure Lid is comprised of carbon or 
stainless steel that encases plain concrete. Concrete, like steel, is a proven 
durable material in a radiation environment that suffers negligible change 
in its shielding capability over long periods of use in a radiation 
environment. Therefore, material-degradation-induced reduction in the 
shielding effectiveness of the VVM is not a credible concern. 

 
In summary, The design features of the HI-STORM UMAX components ensure that the 
occupational dose as well as off-site dose from the ISFSI will be ALARA.    
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11.3 ESTIMATED ON-SITE CUMULATIVE DOSE  
  ASSESSMENT 
 
11.3.1   Estimated Exposures for Loading and Unloading Operations 
 
This section discusses the cumulative exposure to personnel performing loading, 
unloading, and transfer operations using the HI-STORM UMAX system. Additionally, 
this section provides measured operational dose values from the actual loading 
campaigns of an above ground system. As the operational aspects of both underground 
and aboveground systems are quite similar, as discussed below, the realistic campaign 
dose of the aboveground system would also be applicable to the HI-STORM UMAX. 
 
The operations associated with the use of the HI-STORM UMAX, described in Chapter 
9, are quite similar to the operations for all other variations of the HI-STORM 100 and 
HI-STORM FW systems. In both the aboveground and underground overpack, the MPC 
is transferred between the HI-TRAC and the overpack and in both cases the lid of the 
overpack is placed atop the overpack once the HI-TRAC is removed from the overpack. 
The only significant difference between the aboveground and underground overpack is 
the position of the HI-TRAC relative to ground level. For the aboveground overpack, the 
bottom of the HI-TRAC is approximately 18 feet above the ground and for the 
underground overpack, the bottom of the HI-TRAC is essentially at ground level. From 
an operations perspective, it will be easier to access the mating device and the pool lid 
bolts when the HI-TRAC is positioned atop the underground overpack rather than the 
aboveground overpack. In both cases, the same bolting and unbolting operations around 
the base of the HI-TRAC must be performed. Therefore, the estimated occupational dose 
for these scenarios is the same. The fact that the body of the HI-TRAC is closer to the 
ground when the underground overpack is being loaded will not affect the occupational 
dose rate since it is assumed that the workers not performing a task are positioned far 
enough away as to receive minimal dose. Once the MPC transfer is complete and the HI-
TRAC has been removed, the lid is placed on the overpack. For the underground 
overpack, this is a relatively simple operation of lifting the lid and placing it in the correct 
location. Unlike the aboveground overpack, the lid is not bolted to the body of the 
overpack. However, the outlet vent cover is installed on the overpack lid after the lid is 
placed upon the HI-STORM UMAX, an installation that requires bolting.  Installation of 
the outlet vent cover places workers over the lid and adds some time to the operation.  As 
the dose rates on the side of the outlet vent (dose location 2 in Chapter 5) and top of the 
VVM lid (dose location 3 in Chapter 5) are small (see Tables 5.1.1 and 5.1.2), the 
operational dose for this operation would be very small compared to the entire MPC 
transfer into the VVM.  Nevertheless, it is recommended that the operators do not spend 
any unnecessary time on top of the lid to ensure/meet the ALARA principle.  
 
As for the above-ground systems, exposure estimates for loading operations are expected 
to bound those for unloading operations for the HI-STORM UMAX. This assessment is 
based on the similarity of many loadings versus operations with the elimination of several 
of the more dose-intensive operations (such as weld inspections and leakage testing).  
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In summary, the estimates of occupational exposure for the entire MPC transfer 
operations from Reference [11.3.2] are directly applicable to the HI-STORM UMAX, 
and no further evaluations are performed here. 
 
Additionally, experience has shown that the occupational doses are in general 
significantly lower than those estimated in [11.3.1] and [11.3.2]. To highlight this, typical 
total occupational doses for 5 cask loadings are listed in Table 11.3.1, while Table 11.3.2 
presents the dose of each operational step for Casks 4 and 5 from Table 11.3.1.  These are 
for aboveground systems using a 100 t HI-TRAC. As discussed above, since the 
operational sequence for loading the HI-STORM UMAX is essentially the same as for 
the above ground systems, similar values would be expected for the HI-STORM UMAX. 
 
11.3.2  Excavation Activities 
 
In the event it is desired to expand an ISFSI utilizing the HI-STORM UMAX design, 
excavation of material (i.e., soil) is required.  Radiation protection of the excavation 
activities is achieved by prescribing a minimum proximity of any excavation to an 
existing HI-STORM UMAX array.  Site specific radiation protection measures for 
excavation activities need to include confirmation of the minimum SES properties along 
with the minimum distances between the excavation area and the loaded VVMs, as well 
as radiological monitoring of the excavation area. 
 
Site specific evaluations also need to be performed to ensure that the radiation protection 
space boundary is maintained.  Site specific accident scenarios (e.g., seismic conditions) 
will need to be accounted for in these evaluations.  Table 5.4.4 presents a representative 
dose rate at the surface of the radiation protection space. Additionally, a general accident 
scenario evaluation has been performed for the HI-STORM UMAX design.  The impact 
of a tornado missile penetrating the SES creating a horizontal hole extending 5.5 feet 
from the external surface of the radiation protection boundary was considered.  This 
evaluation, presented in Table 5.1.4, demonstrates that the dose at the site boundary is 
below the limit specified in 10 CFR 72.  
 
11.3.3  Normal Operation of Storage 
 
During normal operation of storage, radiation will predominantly emanate from the inlet 
and outlet vents and the top of the lid. However, there are also some additional radiations 
streaming paths and scenarios that may have to be considered in the radiation protection 
program.  The following two scenarios have been evaluated for the HI-STORM UMAX 
design.   
 
The first scenario evaluated address radiation streaming from a loaded VVM through an 
adjacent empty VVM.  An empty VVM adjacent to a loaded VVM could potentially 
constitute a radiation streaming path since the SES providing shielding is limited between 
adjacent VVMs.  Therefore, radiation passing through the SES to the unloaded VVM will 
have a path of less shielding and could contribute to occupational dose. This evaluation is 
presented in Chapter 5, and concluded that there are no concerns about the dose rates 
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contributing to occupational dose across the top of the empty VVM due to radiation 
streaming from the loaded neighboring VVM. 
 
The second scenario concerns the SES access tube, or test station, that is part of the 
ICCPS design and could represent a potential streaming path.  Therefore, radiation 
passing through the SES access tube could contribute to occupational dose. This 
evaluation is presented in Chapter 5, and assumes a tube located about 5.5 feet from the 
center of the VVM with a diameter of 4 inches, that reaches down to the support 
foundation. With these dimensions, it is shown that there are no concerns about the dose 
rates contributing to occupational dose on the top of the SES access tube due to radiation 
streaming from a loaded VVM. However, if the tube is larger or located closer to the 
VVM, then the actual dimensions should be considered in the site specific dose rate 
calculations, and the result of the calculations should be considered in the site specific 
radiation protection program. 
 
11.3.4  Estimated Exposures for Surveillance and Maintenance 

 
Because of its low profile, the surveillance at a HI-STORM UMAX ISFSI can be 
performed without physically walking between the VVMs and therefore, occupational 
exposure required for security surveillance and maintenance will be bounded by above 
ground systems [11.3.2]. Typical estimates of the occupational exposure required for 
security surveillance and maintenance of an ISFSI can be found in References 
[11.3.1][11.3.2]. Security surveillance time is based on a daily security patrol around the 
perimeter of the ISFSI security fence. Users may opt to utilize electronic temperature 
monitoring of the HI-STORM UMAX modules or remote viewing methods instead of 
performing direct visual observation of the modules. Although the HI-STORM UMAX 
system requires only minimal maintenance during storage (e.g., touch-up paint), 
maintenance will be required around the ISFSI for items such as security equipment 
maintenance, grass cutting, snow removal, vent system surveillance, drainage system 
maintenance, and lighting, telephone, and intercom repair. Such infrequent activities are 
not included in the site boundary dose assessment. 
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Table 11.3.1 

 
MEASURED TOTAL OPERATIONAL DOSE FOR A 

LOADING CAMPAIGN USING HI-STORM SYSTEMS 
Cask 

Number 
Total Heat Load 

(kW) 
Total Campaign Dose 

(mrem) 
1 23.79 370 
2 24.96 208 
3 25.70 183 
4 25.75 164 
5 26.36 187 
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Table 11.3.2 
 

MEASURED OPERATIONAL DOSE FOR DIFFERENT TASKS FOR 
CASKS 4 AND 5 IN TABLE 11.3.1 

Task Description Cask 4 (mrem) Cask 5 (mrem) 
25.75 kW 26.36 kW 

Preparations and placement 
of HI-TRAC  in spent fuel 

pool 
2 3 

Fuel loading and 
verification 13 8 

Placement of HI-TRAC in 
the decontamination pit and 

decontamination 
35 34 

Welding of MPC lid 14 18 
Drying operation 20 19 

Welding of the closure 
plates 33 34 

Stackup operation 43 60 
Move HI-STORM to ISFSI 4 11 

Total dose 164 187 
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CHAPTER 12: ACCIDENT EVALUATION  
 

12.0 INTRODUCTION 
  
This chapter is focused on the safety evaluation of all off-normal and accident events germane to 
the HI-STORM UMAX vertical ventilated module (VVM) containing a loaded Multi-purpose 
Canister (MPC). For each postulated event, the event cause, means of detection, consequences, 
and corrective actions, as applicable, are discussed and evaluated. For other miscellaneous events 
(i.e., those not categorized as either design basis off-normal or accident condition events), a 
similar outline for safety analysis is followed. As applicable, the evaluation of consequences 
includes the impact on the structural, thermal, shielding, criticality, confinement, and radiation 
protection performance of the system due to each postulated event. 
 
The analyses summarized in this chapter focus on the governing canisters out of the population 
of MPCs listed in Table 1.2.1. This chapter, however, supports the certification of only MPC-37 
and MPC-89 at this time. The analyses reported for smaller canisters are for reference purposes 
only. 
 
The structural, thermal, shielding, criticality, and confinement features and performance of the 
HI-STORM UMAX system under the short-term operations and various conditions of storage are 
discussed in Chapters 3, 4, 5, 6, and 7. The evaluations provided in this chapter are based on the 
design features and analyses reported therein. The accidents considered in this chapter follow the 
guidance in NUREG-1536.  
 
Technical descriptions and safety analyses pertaining to the components common to the “FW” 
and the “UMAX” systems are referenced in this FSAR, as appropriate, to the HI-STORM FW 
FSAR. To facilitate convenient access to the referenced material, the latest edition of the HI-
STORM FW FSAR has been placed in this docket and a list of “FW” FSAR sections germane to 
this chapter is provided in Table 12.0.1 herein. 
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TABLE 12.0.1 

APPLICABLE SECTIONS OF HI-STORM FW FSAR* 

Location of UMAX 
FSAR 

Subject of the Reference Location in HI-STORM 
FW FSAR, Revision  3 

Sub-Section 12.1.1 Structural evaluation of the MPC enclosure 
vessel for off-normal internal pressure 

conditions 

Sub-Section 3.4.4 

Sub-Section 12.1.2 Limitations on the use of the HI-TRAC 
VW cask for loading MPCs under off-

normal thermal conditions 

Sub-Section 12.1.2 

Sub-Section 12.1.3 Leakage of one MPC seal weld Sub-Section 12.1.3 

Sub-Section 12.1.6 FHD malfunction evaluations Sub-Section 12.1.5 

Sub-Section 12.2.1 Fire accident evaluation Sub-Section 12.2.4 

Sub-Section 12.2.2 Partial blockage of MPC basket vent holes Sub-Section 12.2.5 

Sub-section 12.2.3  Tornado analysis for HI-TRAC VW Sub-Section 12.2.6 

Sub-Section 12.2.7 Confinement Boundary Leakage Section 7.1 

Sub-Section 12.2.13 HI-TRAC VW handling accidents Sub-Section 12.2.1 

Sub-Section 12.3.2 MPC reflood evaluation  Sub-Section 12.3.1 

                                                 
* For convenience of reference, the specific revision of the HI-STORM FW FSAR that is referenced in the safety 
analysis herein is placed in this docket. Updated versions of the HI-STORM FW FSAR shall be placed in this 
docket as necessary so as to ensure that the safety analyses on the “UMAX” docket (72-1040) remain aligned with 
the material referenced in the HI-STORM FW FSAR. 
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12.1 OFF-NORMAL CONDITIONS 
 
Off-normal conditions, as defined in accordance with ANSI/ANS-57.9, are those conditions 
which, although not occurring regularly, are expected to occur no more than once a year. In this 
section, design events pertaining to off-normal operation for expected operational occurrences 
are considered. The off-normal conditions are described in Section 2.3. 
 
The following off-normal events are applicable to the HI-STORM UMAX system: 
 

• Off-Normal Pressure 
• Off-Normal Environmental Temperature 
• Leakage of One Seal 
• Partial Blockage of the Air Inlet Plenum 
• Hypothetical Non-Quiescent Wind 
• FHD Malfunction 

  
The results of the evaluations presented herein demonstrate that the HI-STORM UMAX System 
can withstand the effects of off-normal events and remain in compliance with the applicable 
acceptance criteria. 
 
12.1.1  Off-Normal Pressure 
 
The sole pressure boundary in the HI-STORM UMAX storage System is the MPC enclosure 
vessel. The off-normal pressure condition is specified in Section 2.3. The off-normal pressure for 
the MPC internal cavity is a function of the initial helium fill pressure and the steady state 
temperature reached within the MPC cavity under normal ambient temperature. The MPC 
internal pressure under the off-normal condition is evaluated with 10% of the fuel rods ruptured 
and with 100% of ruptured rods fill gas and 30% of ruptured rods fission gases released to the 
cavity. 
 
12.1.1.1 Postulated Cause of Off-Normal Pressure 
 
After fuel assembly loading, the MPC is drained, dried, and backfilled with an inert gas (helium) 
to assure long-term fuel cladding integrity during dry storage. Therefore, the probability of 
failure of intact fuel rods in dry storage is extremely low. Nonetheless, the event is postulated 
and evaluated. 
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12.1.1.2 Detection of Off-Normal Pressure 
 
The HI-STORM UMAX system is designed to withstand the MPC off-normal internal pressure 
without any effects on its ability to meet its safety requirements. There is no requirement or 
safety imperative for detection of off-normal pressure and, therefore, no monitoring is required. 
 
12.1.1.3 Analysis of Effects and Consequences of Off-Normal Pressure 
 
The MPC off-normal internal pressure is reported in Section 4.6.1.4 for the limiting fuel storage 
scenario wherein the canister pressurized to the technical specification maximum helium backfill 
pressure  sustains  a 10% rod rupture that causes a 100% of the ruptured rod fill gas and 30% of 
the ruptured rod gaseous fission products released into the MPC cavity. 
 
The analysis of the above scenario shows that the MPC pressure remains below the design MPC 
internal pressure (given in Table 2.3.5). 
 
 

i. Structural 
 
The structural evaluation of the MPC enclosure vessel for off-normal internal pressure 
conditions is discussed in the HI-STORM FW FSAR [4.1.2]. The stresses resulting from 
the off-normal pressure are confirmed to be bounded by the applicable pressure boundary 
stress limits. 

 
ii. Thermal 

 
The MPC internal pressure for off-normal conditions is reported in Table 4.4.7. The 
design basis internal pressure used in the structural evaluation (Table 2.3.5) bounds the 
computed off-normal condition pressure. 

 
iii. Shielding 

 
There is no effect on the shielding performance of the system as a result of this off-
normal event. 

 
iv. Criticality 

 
There is no effect on the criticality control features of the system as a result of this off-
normal event. 
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v. Confinement 
 

There is no effect on the confinement function of the MPC as a result of this off-normal 
event. As discussed in the structural evaluation above, all pressure boundary stresses 
remain within allowable ASME Code values, assuring Confinement Boundary integrity. 

 
vi. Radiation Protection 

 
Since there is no degradation in shielding or confinement capabilities as discussed above, 
there is no effect on occupational or public exposures as a result of this off-normal event. 

 
12.1.1.4 Corrective Action for Off-Normal Pressure 
 
The HI-STORM UMAX system is designed to withstand the off-normal pressure without any 
effects on its ability to maintain safe storage conditions. Therefore, there is no corrective action 
requirement for off-normal pressure. 
 
12.1.1.5 Radiological Impact of Off-Normal Pressure 
 
The event of off-normal pressure has no radiological impact because the confinement barrier and 
shielding integrity are not affected. 
 
12.1.1.6  Conclusion 
 
Based on this evaluation, it is concluded that the off-normal pressure does not affect the safe 
operation of the HI-STORM UMAX system. 
 
 
12.1.2  Off-Normal Environmental Temperatures 
 
The HI-STORM UMAX System is designed for use at any site in the United States. Off-normal 
environmental temperatures have been conservatively selected to bound the environmental 
temperatures at all candidate sites in the United States (See Subsection 2.3.3 for definition of the 
term off-normal environmental temperature). The off-normal temperature limits are reported in 
Table 2.3.6. 
 
12.1.2.1 Postulated Cause of Off-Normal Environmental Temperatures 
 
The off-normal environmental temperature is postulated as a constant ambient temperature 
caused by extreme weather conditions. To determine the effects of the off-normal temperatures, 
it is conservatively assumed that these temperatures persist for a sufficient duration to allow the 
HI-STORM UMAX System to achieve thermal equilibrium. Because of the large mass of the HI-
STORM UMAX System with its corresponding large thermal inertia and the limited duration for 
the off-normal temperatures, this assumption is conservative. 
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12.1.2.2 Detection of Off-Normal Environmental Temperatures 
 
The HI-STORM UMAX System is designed to withstand the off-normal environmental 
temperatures without any effects on its ability to maintain safe storage conditions. There is no 
requirement for detection of off-normal environmental temperatures for the HI-STORM UMAX 
overpack and MPC. The limitations on the use of the transfer cask for loading canisters in the 
HI-STORM UMAX system under off-normal thermal conditions are contained in Section 12.1.2 
of the HI-STORM FW FSAR which must be observed. 
 
12.1.2.3 Analysis of Effects and Consequences of Off-Normal Environmental 

Temperatures 
 
The off-normal event is considered to be characterized by an off-normal environmental 
temperature with insolation for sufficient duration to reach thermal equilibrium. The evaluation 
is performed for a limiting fuel storage configuration. The off-Normal ambient temperature 
condition is evaluated in Subsection 4.6.1.1. The results are in compliance with off-normal 
pressure and temperature limits in Tables 2.3.5 and 2.3.7 in Chapter 2. 
 
The off-normal event considering an environmental temperature of -40°F and no solar insolation 
for a sufficient duration to reach thermal equilibrium is evaluated with respect to material design 
temperatures of the HI-STORM UMAX VVM. The HI-STORM UMAX VVM structure is 
conservatively assumed to reach the extreme cold condition (-40°F) throughout its body. The 
qualification of the VVM structure under the extreme cold condition is provided in Chapter 8. 
 

i. Structural 
 
The effect on the MPC for the upper off-normal thermal conditions is an increase in the 
internal pressure. As shown in Section 4.6.1.1, the resultant pressure is below the off-
normal design pressure (Table 2.3.5). The stresses resulting from the off-normal pressure 
are confirmed to be bounded by the applicable pressure boundary stress limits. The effect 
of the lower off-normal thermal conditions (i.e., -40°F) requires an evaluation of the 
potential for brittle fracture. Such an evaluation is presented in Chapter 8. 
 
ii. Thermal 
 
The resulting off-normal system and fuel assembly cladding temperatures for the hot 
conditions are provided in Table 4.6.1. This evaluation indicates that all temperatures for 
the off-normal environmental temperatures event are within the allowable values for off-
normal conditions listed in Table 2.3.7. Additionally, the increased temperatures generate 
an elevated MPC internal pressure, reported in Table 4.6.5, which is less than the off-
normal design pressure limit specified in Table 2.3.5. The temperatures and pressures 
resulting from the off-normal ambient temperature event are confirmed to be bounded by 
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the applicable system temperature and pressure limits; therefore, there is no adverse 
effect on the system’s thermal function. 
 
 
iii. Shielding 
 
There is no effect on the shielding performance of the system as a result of this off-
normal event. 
 
iv. Criticality 
 
There is no effect on the criticality control features of the system as a result of this off-
normal event. 
 
v. Confinement 
 
There is no effect on the confinement function of the MPC as a result of this off-normal 
event. As discussed in the structural evaluation above, all pressure boundary stresses in 
the canister remain within allowable ASME Code values, assuring Confinement 
Boundary integrity. 
 
vi. Radiation Protection 
 
Since there is no degradation in shielding or confinement capabilities as discussed above, 
there is no effect on occupational or public exposures as a result of this off-normal event. 

 
12.1.2.4 Corrective Action for Off-Normal Environmental Temperatures 
 
The HI-STORM UMAX System is designed to withstand the off-normal environmental 
temperatures without any effects on its ability to maintain safe storage conditions. As required by 
the HI-STORM FW FSAR [4.1.2], for ambient temperatures from 0° to 32°F, ethylene glycol 
fortified water must be used in the water jacket of the HI-TRAC VW transfer cask to prevent 
freezing. There are no corrective actions required for off-normal environmental temperatures. 
 
12.1.2.5 Radiological Impact of Off-Normal Environmental Temperatures 
 
Off-normal environmental temperatures have no radiological impact, as the confinement barrier 
and shielding integrity are not affected. 
 
12.1.2.6   Conclusion 
 
Based on the above evaluation, it is concluded that the specified off-normal environmental 
temperatures do not affect the safe operation of the HI-STORM UMAX System. 
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12.1.3  Leakage of One MPC Seal Weld 
 
Leakage of one MPC seal weld evaluated in the HI-STORM FW FSAR Section 12.1.3 [4.1.2] is 
incorporated by reference. 
 
12.1.4  Partial Blockage of Air Inlet Plenum 
 
Partial blockage (50%) of the air intake system has been postulated as an off-normal event in 
Section 2.5. 
 
The HI-STORM UMAX intake ducts are designed with debris screens, as is the outlet vent flue 
located in the Closure Lid. These screens protect the openings from the incursion of foreign 
objects. However, as required by the design criteria presented in Chapter 2, it is conservatively 
assumed that 50% of the air inlet opening is completely blocked. The scenario of the partial 
blockage of air inlets is evaluated with a normal ambient temperature (Table 2.3.6), full solar 
insolation, and Design Basis SNF decay heat value case. This condition is analyzed in Chapter 4 
to demonstrate the acceptability of the system thermal performance during this event. 
 
12.1.4.1 Postulated Cause of Partial Blockage of Air Inlets 
 
The presence of screens prevents foreign objects from entering the openings and the screens are 
either inspected periodically or the system temperature field is monitored per the technical 
specifications. It is, however, possible that blowing debris may partially block the inlet openings 
for a short time until the openings are cleared of debris. 
 
12.1.4.2 Detection of Partial Blockage of Air Inlet 
 
The detection of the partial blockage of air inlet openings will occur during the routine visual 
inspection of the screens or temperature monitoring of the outlet air required by the technical 
specifications. The frequency of inspection is based on an assumed complete blockage of all air 
inlet openings. There is no inspection requirement as a result of the postulated partial inlet 
blockage because the complete blockage of all air inlet openings is bounding. 
 
12.1.4.3 Analysis of Effects and Consequences of Partial Blockage of Air Inlets 
 

i. Structural 
 

The effect of partial blockage of the air inlet plenum on the MPC is an increase in 
component and fuel cladding temperatures and internal pressure and thus an increase in 
pressure boundary stresses. However, the resultant temperatures and pressures are below 
the off-normal design limits as discussed in the thermal effects evaluation below. The 
MPC stresses resulting from the partial blockage of air inlets are confirmed to be 
bounded by the applicable pressure boundary stress limits; therefore, there is no effect on 
structural function. 
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In summary, there are no structural consequences as a result of this off-normal event 
since the HI-STORM UMAX components do not exceed the off-normal temperature 
limits (Table 2.3.7). 

 
ii. Thermal 

 
The thermal evaluation of partial blockage of air inlet is discussed in Subsection 4.6.1.2. 
The calculated bounding temperatures conservatively evaluated as a 50% blockage of 
sufficient duration to reach the asymptotic maximum (steady-state) temperature field are 
reported in Table 4.6.1 and below the MPC and VVM off-normal design temperature 
limits specified in Table 2.3.7, as applicable. Additionally, the increased temperatures 
generate an elevated MPC internal pressure, reported in Table 4.6.5, which is less than 
the off-normal design pressure limit specified in Table 2.3.5. The temperatures and 
pressures resulting from the partial blockage of air inlet event are confirmed to be 
bounded by the applicable system temperature and pressure limits; therefore, there is no 
adverse effect on the system’s thermal function. 

 
 iii. Shielding 
 

There is no adverse effect on the function of shielding features of storage  the system as a 
result of this off-normal event. 

 
 iv. Criticality 
 

There is no effect on the criticality control features of the system as a result of this off-
normal event. 

 
 v. Confinement 
 
 There is no effect on the confinement function of the MPC as a result of this off-normal 
 event.  
 
 vi. Radiation Protection 
 

Since there is no degradation in shielding or confinement capabilities as discussed above, 
there is no predicted adverse effect on occupational or public exposures as a result of this 
off-normal event. 

 
12.1.4.4 Corrective Action for Partial Blockage of Air Inlets 
 
The corrective action for the partial blockage of air inlet openings is the removal, cleaning, and 
replacement of the affected mesh screens. After clearing of the blockage, the storage module 
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temperatures will return to the normal temperatures reported in Chapter 4. Partial blockage of air 
inlet openings does not affect the safe operation of the HI-STORM UMAX System. 
 
Periodic inspection of the HI-STORM UMAX air opening screens is required per the technical 
specifications. Alternatively, per the technical specifications, the outlet air temperature is 
monitored. The frequency of inspection is based on an assumed blockage of all air inlet openings 
analyzed in Section 12.2. 
 
12.1.4.5 Radiological Impact of Partial Blockage of Air Inlets 
 
The off-normal event of partial blockage of the air inlet opening has no radiological impact 
because the confinement barrier is not breached and the system’s shielding effectiveness is not 
diminished. 
 
12.1.4.6  Conclusion 
 
Based on the above evaluation, it is concluded that the off-normal partial blockage of air inlet 
ducts event does not affect the safe operation of the HI-STORM UMAX VVM. 
 
12.1.5  Hypothetical Non-Quiescent Wind 
 
12.1.5.1  Cause of Event 
 
Wind is a meteorological event that occurs in every area in the world. The normal condition of 
storage of the canisters assumes quiescent ambient conditions with an annular average 
temperature that bounds the historical data for all sites in the United States. The hypothetical 
non-quiescent wind condition is intended to simulate the thermal response of a site subject to a 
persistent wind event that tends to disrupt the heat rejection performance of the system. 
 
12.1.5.2  Simulation of the Event 
 
The HI-STORM UMAX storage system is designed to store the canisters listed in Table 1.2.1 at 
any ISFSI site in the United States in compliance with this FSAR. Chapter 4 evaluates the effects 
of low speed wind postulated as a constant horizontal wind caused by hypothetical weather 
conditions (see Section 4.6.1.3). To determine the effects of this hypothetical wind event, it is 
conservatively assumed that the wind persists in a fixed direction for a sufficient duration to 
allow the HI-STORM UMAX system to reach thermal equilibrium. Temperature results are 
compared with off-normal temperature limits. Because of the large mass of the HI-STORM 
UMAX System with its corresponding large thermal inertia and the unlikely condition of a 
unidirectional wind existing for a long period of time, this assumption is extremely conservative.  
 
12.1.5.3  Safety Analysis 
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The following is an evaluation of effects on structural, thermal, criticality, confinement, and 
radiation protection performance on the HI-STORM UMAX storage system: 
 

i. Structural 
 

The effect on the MPC for the hypothetical non-quiescent wind condition is an increase in 
component and fuel cladding temperatures and internal pressure and thus an increase in 
pressure boundary stresses. However, the resultant temperatures and pressures are below the 
off-normal design limits as discussed in the thermal effects evaluation below. The MPC 
stresses resulting from the off-normal temperature event are confirmed to be bounded by the 
applicable pressure boundary stress limits; therefore, there is no effect on structural function. 

 
ii. Thermal 

 
Chapter 4 calculates peak fuel cladding temperatures as a function of the horizontal wind 
speed. The calculated maximum peak cladding temperatures reported in Table 4.6.4 are 
below the off-normal limits specified in Table 2.3.7 for both moderate burnup and high 
burnup fuel. Additionally, the elevated MPC internal pressure is reported in Table 4.6.5, 
which is less than the off-normal design pressure limit specified in Table 2.3.5. By this 
evaluation, temperatures and pressures resulting from the hypothetical non-quiescent wind 
event are confirmed to be bounded by the applicable system off-normal temperature and 
pressure limits; therefore, there is no effect on thermal function. 

 
iii. Shielding 

 
There is no effect on the function of shielding features of the system as a result of this event. 

 
iv. Criticality 

 
There is no effect on the function criticality control features of the MPC as a result of this 
event. 

 
v. Confinement 

 
There is no effect on the function of confinement features of the MPC as a result of this 
event.  

 
vi. Radiation Protection and Consequences 

 
Since there is no effect on shielding or confinement functions as discussed above, there is no 
radiological consequence (from effluents and direct radiation) and no expected increase to 
occupational exposures as a result of this event. 
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12.1.5.4  Corrective Action and Counter-measures 
 
Because the HI-STORM UMAX System is designed to withstand the hypothetical non-quiescent 
wind event without any effect on its ability to maintain safe storage conditions, there is no 
requirement for detection and counter-measures. 
 
12.1.5.5  Conclusion 
 
Based on this evaluation, it is concluded that the hypothetical non-quiescent wind event does not 
affect the safe operation of the HI-STORM UMAX VVMs.  
 
12.1.6 FHD Malfunction 
 
FHD malfunction evaluated in the HI-STORM FW FSAR Section 12.1.5 [4.1.2] is incorporated 
by reference. 
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12.2 ACCIDENT EVENTS 
 
Accidents, in accordance with ANSI/ANS-57.9, are either infrequent events that could 
reasonably be expected to occur during the lifetime of the HI-STORM UMAX system or events 
postulated because their consequences may affect the public health and safety. Sections 2.4 and 
2.5, respectively, define the structurally and thermally significant loadings that are classified 
design basis accidents. These design basis accident events have been evaluated in this FSAR to 
quantify the safety margins in the storage system. 
 
The load combinations evaluated for postulated accident conditions are defined in Chapter 2. The 
structural qualification of accidents is provided in Chapter 3. 
 
The following accident events germane to the safety evaluation of HI-STORM UMAX system 
are identified by reference to Sections 2.4 and 2.5: 
 

• Fire Accident 
• Partial Blockage of MPC Basket Vent Holes in long- term storage  
• Tornado 
• Flood 
• Earthquake 
• 100% Fuel Rod Rupture 
• Confinement Boundary Leakage 
• Explosion 
• Lightning 
• 100% Blockage of Air Inlets 
• Burial Under Debris 
• Extreme Environmental Temperature 
• HI-TRAC VW Transfer Cask Handling Accident 

 
The results of the evaluations performed in this FSAR demonstrate that the HI-STORM UMAX 
storage system can withstand the effects of all credible and hypothetical accident conditions and 
natural phenomena without affecting its safety function, In the following, the evaluation of the 
design basis postulated accident conditions and natural phenomena is presented which 
demonstrates that the requirements of 10CFR72.122 and of 10 CFR72.106(b) and 10CFR20 are 
met.  
 
12.2.1  Design Basis Fire Event (Load Case 5 in Section 2.4) 
   
12.2.1.1 Cause of Fire 
 
The potential of a fire accident near an ISFSI pad is considered to be rendered extremely remote 
by ensuring that there are no significant combustible materials in the area. The only credible 
concern is related to a transport vehicle fuel tank fire engulfing a loaded HI-STORM UMAX 
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VVM or a HI-TRAC VW transfer cask. HI-TRAC VW transfer cask fire evaluated in the HI-
STORM FW FSAR Section 12.2.4 [4.1.2] is incorporated by reference. HI-STORM UMAX fire 
is evaluated in the following. 
 
 12.2.1.2 Fire Analysis 
 
The HI-STORM UMAX System must withstand elevated temperatures under the Design Basis 
Fire event defined in Table 2.3.1. The acceptance criteria for the fire accident are provided in 
Section 2.3 and the thermal analysis is contained in Section 4.6.2.1. 
 

 i. Structural 
 

The effect of the fire accident on the HI-STORM UMAX system is an increase in fuel 
cladding and system component temperatures and MPC internal pressure and thus an 
increase in MPC pressure boundary stresses. However, the resultant temperatures and 
pressures are below the accident design limits as discussed below. The MPC stresses 
resulting from the fire accident event are confirmed to be bounded by the applicable 
pressure boundary stress limits; therefore, there is no effect on structural function. 

 
ii. Thermal 

 
As discussed in Chapter 4, the effect of the fire does not cause any system component or 
the contained fuel to exceed any limit set in this FSAR. The Design Basis Fire has a 
negligible impact on MPC pressure. The temperatures and pressures resulting from the 
fire accident event are confirmed to be bounded by the applicable system temperature and 
pressure limits; therefore, there is no deleterious effect on the system’s thermal function. 
 
iii. Shielding 
 
The loss of shielding, if any, has been determined by scoping calculations to be of 
insignificant consequence in Chapter 4. With respect to concrete damage from a fire, 
NUREG-1536 (4.0,V,5.b) states: “the loss of a small amount of shielding material is not 
expected to cause a storage system to exceed the regulatory requirements in 10 CFR 
72.106  and, therefore, need not be estimated or evaluated in the FSAR. 
 
Less than 5% of the Closure Lid concrete thickness is computed to exceed the short-term 
temperature limit therefore the effect of this small amount of degraded (not lost) 
shielding material is not estimated or evaluated in this FSAR. 
 
iv Criticality 
 
There is no effect on the criticality control features of the system as a result of this event. 
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v. Confinement 
 
There is no effect on the confinement function of the MPC as a result of this event since 
the structural integrity of the confinement boundary is unaffected. 
 
vi. Radiation Protection 
 
Since there is minimal reduction, if any, in shielding and no effect on the confinement 
capabilities as discussed above, there is no effect on occupational or public exposures as 
a result of this accident event. 

 
12.2.1.3 Fire Accident Corrective Actions 
 
Upon detection of a fire adjacent to a loaded HI-STORM UMAX VVM, the ISFSI owner shall 
take the appropriate immediate actions necessary to extinguish the fire. Following the 
termination of the fire, a visual and radiological inspection of the equipment shall be performed. 
 
If damage to the HI-STORM UMAX VVM as the result of a fire event is widespread, and/or as 
radiological conditions require (based on dose rate measurements), the MPC shall be removed 
from the HI-STORM UMAX VVM in accordance with the procedure set down in Chapter 9.  
However, the thermal analysis described herein demonstrates that only a limited amount of lid 
concrete which is behind the steel enclosure exceeds its design temperature. The HI-STORM 
UMAX VVM may be returned to service after appropriate restoration (reapplication of coatings, 
etc.) if there is no significant increase in the measured dose rates (i.e., the shielding effectiveness 
of the overpack is confirmed) and if the visual inspection is satisfactory. 
 
There is no effect on the function of criticality control features of the MPC as a result of this 
accident event. 
 
Based on the foregoing evaluation, it is concluded that the overpack fire accident does not affect 
the safe operation of the HI-STORM UMAX VVMs. 
 
12.2.1.4  Conclusion 
 
Based on the above evaluation, it is concluded that the Design Basis Fire accident does not affect 
the safe operation of the HI-STORM UMAX System. 
 
12.2.2  Partial Blockage of MPC Basket Vent Holes 
 
Partial blockage of MPC basket vent holes evaluated in the HI-STORM FW FSAR Section 
12.2.5 [4.1.2] is incorporated by reference. 
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12.2.3  Tornado (Load Case 02 in Section 2.4) 
 
12.2.3.1  Causal Factors 
 
Tornado and high winds are principally caused by the uneven heating of the earth’s atmosphere, 
coupled with gravitational forces and the rotation of the earth. The HI-STORM UMAX System 
will be deployed in an open area environment and thus will be subject to ambient environmental 
conditions throughout the storage period. Additionally, the transfer of the MPC between the HI-
TRAC VW transfer cask and the storage overpack may be performed at the unsheltered ISFSI 
concrete pad. It is therefore possible that the HI-STORM UMAX storage system may experience 
the extreme environmental conditions resulting in the impact from a tornado-borne projectile.  
 
12.2.3.2 Tornado Analysis 
 
A tornado event is characterized by high wind velocities and tornado-generated missiles. The 
reference missiles considered in this FSAR (see Table 2.3.3) are of three sizes: small, medium, 
and large. A small projectile, upon collision with a cask, would tend to penetrate it. A large 
projectile, such as an automobile, on the other hand, would tend to cause deformation.  
 
Because of its underground construction, the HI-STORM UMAX is not subject to overturning 
action by the tornado wind. The effect of tornado missiles propelled by high velocity winds that 
attempt to penetrate the exposed portions of the HI-STORM UMAX must, however, be 
considered. 
 
The tornado analysis for a HI-TRAC VW transfer cask evaluated in the HI-STORM FW FSAR 
Section 12.2.6 [4.1.2] is incorporated by reference. 
 
The evaluation of effects on structural, thermal, criticality, confinement, and radiation protection 
performance on the HI-STORM UMAX system is summarized below. 
 

i. Structural 
 

Analyses presented in Chapter 3 show that the impact of large and intermediate tornado 
missiles (see Table 2.3.3) on the HI-STORM UMAX closure lid does not result in the 
perforation of the lid or result in a structural collapse of the lid. The sole effect of the 
tornado missile impact on the HI-STORM UMAX VVM is some minor global 
deformation of the VVM Closure Lid under the large missile and some localized 
deformation of the VVM Closure Lid under the intermediate missile. All Design Basis 
missiles are found to be stopped by the VVM assembly before reaching the MPC stored 
inside. Therefore, MPC damage by  impact from a Design Basis Missile  is ruled out. 
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ii. Thermal 
 

There is no effect on the function of HI-STORM UMAX VVM heat transfer features as a 
result of this accident event.  The deformations in the VVM Closure Lid due to missile 
impact are minor relative to the available area of the flow opening. 

 
iii. Shielding 

 
Certain tornado missile scenarios may result in shielding degradation of the HI-STORM 
UMAX  Closure Lid; however, the overall shielding effect will be negligible due to the 
sheer size and mass of the Closure Lid. (The HI-STORM UMAX VVM is heavily 
shielded (a thick MPC lid protected by the monolithic steel-concrete-steel VVM Closure 
Lid weighing in excess of 30,000 lbs; see Section 3.2.)  

 
     iv.  Criticality 

 
There is no effect on the criticality control features of the MPC as a result of this accident 
event. 

 
v. Confinement 

 
There is no effect on the confinement function of the MPC as a result of this accident 
event. 

 
12.2.3.3  Radiation Protection and Consequences 
 
There is no effect on shielding or confinement functions of the MPC. The effect on shielding 
function of the VVM Closure Lid is negligible and therefore the radiological impact on the site 
boundary dose will be negligible. Thus, a negligible increase in radiological consequence (from 
effluents and direct radiation) is expected as a result of this accident. A minor increase to 
occupational exposures for the performance of corrective actions is also expected. 
 
12.2.3.4 Tornado Accident Corrective Action 
 
Following exposure of the HI-STORM UMAX System to a tornado, the ISFSI owner shall 
perform a visual and radiological inspection of the facility.  
 
Damage sustained by the VVMs or vent screens shall be inspected and may be repaired, if 
required, while in-service. The system may continue in service after appropriate restoration 
(reapplication of coatings, etc.) if there is no significant increase in the measured dose rates (i.e., 
the system’s shielding effectiveness is confirmed) and if the final visual inspection is 
satisfactory. 
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12.2.3.5  Conclusion 
 
Based on the above evaluation, it is concluded that the Design Basis tornado accident will not 
affect the safe operation of the HI-STORM UMAX System. 
 
12.2.4  Flood (Load Case 7 in Table 2.4.1)  
 
12.2.4.1 Cause of Flood 
 
Many ISFSIs are located in flood plains susceptible to floods.  Therefore, it is necessary for such 
ISFSIs to define a Design Basis Flood (DBF). The potential sources for the floodwater may be   
swelling rivers or streams from heavy rains or rapid melting of upstream snow, tsunami, dam 
break, earthquake, hurricane, etc. 
 
12.2.4.2  Analysis 
 
Because of its underground construction, the HI-STORM UMAX is not subject to overturning 
action by moving floodwater. The permissible height of floodwater for storing an MPC is 
governed by the design basis flood defined in Table 2.4.1. An MPC not qualified to withstand 
the external pressure from a site’s Design Basis Flood event shall not deployed in the HI-
STORM UMAX system. 
 
The following is an evaluation of effects on structural, thermal, criticality, confinement, and 
radiation protection performance on the HI-STORM UMAX system. 
  

i. Structural 
 
Unlike free standing casks, moving flood water is not an event of safety consequence to 
the HI-STORM UMAX: The buried configuration of the HI-STORM UMAX system 
renders it immune from sliding (that is germane to above ground freestanding casks) 
under the action of a design basis flood. Since the CEC shell is directly in contact with 
the Self-hardening Engineered Subgrade, there is no risk of a global deformation of the 
CEC under the DBF event. 

 
ii. Thermal 

 
The flooded HI-STORM UMAX  ISFSI will reject heat to the floodwater. Because the 
heat transfer coefficient in water is considerably greater than that under the ventilation 
air, the temperature of the contents will be lowered. Furthermore, the heat dissipated from 
MPC and MPC pedestal flood tends to boil the flood water entering “UMAX” cavity and 
lower water level to restore sufficient air ventilation flow. Thus, the thermal effect of 
flood is actually salutary for the system’s performance. 
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Partial blockage of the bottom cutout is evaluated in Section 4.6.2.5. The resulting 
maximum temperatures are provided in Table 4.6.9, and confirmed to maintain below the 
accident temperature limits specified in Table 2.3.7. In the case when flood water/soil is 
just high enough to completely block the divider shell cutout, it is bounded by the 100% 
inlet duct blockage accident discussed in Section 12.2.10.  

 
iii. Shielding 

 
There is no adverse effect on the function of shielding features of the system as a result of 
this accident event. The floodwater provides additional shielding that would further 
reduce radiation dose. 

 
iv. Criticality 

 
There is no adverse effect on the criticality control features of the stored MPC as a result 
of this accident event. The criticality analysis is unaffected because under the flooding 
condition water cannot enter the MPC contents space and therefore the reactivity would 
be less than that under the loading condition in the spent fuel pool (when the MPC is 
flooded).  

 
 v. Confinement 

 
Because, as shown in Chapter 3, the external pressure on the MPC from the DBF is well 
below its design basis pressure bearing capacity, there is no risk of degradation of the 
confinement function of the MPC as a result of this accident event. As discussed in the 
structural evaluation above, all stresses remain within allowable values, assuring 
confinement boundary integrity. 

 
 vi. Radiation Protection and Consequences 

 
Since there is no effect on shielding or confinement functions as discussed above, there is 
no radiological consequence (from effluents and direct radiation) as a result of this 
accident event. A minor increase to occupational exposures for the performance of 
corrective actions is expected. 

 
12.2.4.3  Flood Accident Corrective Action 
 
The configuration of the HI-STORM UMAX VVMs makes them uniquely suited to withstand a 
flooding event. Indeed, introducing water in the CEC is an effective method to lower the MPC 
contents’ temperature. However, accumulation of debris in the intake plenum or the storage 
cavities is undesirable as is the risk of corrosion from long-term exposure to floodwaters. Thus, 
while the short-term effect of flood on the loaded HI-STORM UMAX VVM is essentially 
benign, corrective actions after such an event are necessary. Visual examination using a 
boroscope or a camera or temperature monitoring of the exiting air to identify blockage of the 
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cooling passages following flooding or other site specific natural events is necessary to ensure 
adequate cooling. 
 
If a state of vent blockage is discovered, then corrective actions to alleviate such condition will 
be required. To restore the system to a normal configuration, all floodwater and any debris 
deposited by the receding water must be removed. The specific methods to be used shall be 
addressed in the site emergency action plan. Examples of acceptable cleaning approaches 
include: 
 

1. The MPC is removed from the VVM using the HI-TRAC VW transfer cask, allowing 
direct access to the interior of the VVM through both the inlet vents and the top of the 
module cavity. Water sprays and vacuuming are used to directly clean the VVM passages 
and surfaces. 

 
2. Appropriate vacuuming equipment is inserted through the inlet plenum and down to the 

transverse shells. Water is sprayed in through the outlet vents. Remote cameras are used 
to inspect the VVM cooling passages to identify and remove debris. 

 
The adequacy of the cooling passages clearance operation is verified by visual inspection or, if 
the optional temperature monitoring is used, the return of the control temperatures to within 
allowable limits. 
 
12.2.4.4  Conclusion 
 
Based on the above evaluation, it is concluded that the flood accident does not affect the safe 
operation of the loaded HI-STORM UMAX VVMs. 
 
12.2.5  Earthquake (Load Case 03 in Section 2.4) 
12.2.5.1  Cause of Event  
 
Earthquake is a terrestrial instability event cause by relative movements in the mantle of the 
earth. The extent of seismic motion at an ISFSI location is established by geotechnical analyses. 
The intensity of the earthquake is substantially affected by the time span within which its 
probability is prognosticated. 
 
12.2.5.2  Analysis of the Effect of Design Basis Earthquake (DBE) 
 
The HI-STORM UMAX storage system has been qualified to a fully articulated DBE event set 
down in Section 2.4. The specified seismic event for the candidate ISFSI must satisfy the 
acceptance criteria defined in Chapters 2 and 3 to permit the HI-STORM UMAX ISFSI to be 
established at the site. 
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   i. Structural 

 
The most significant structural effect of the earthquake on the HI-STORM UMAX  system 
are those corresponding to interface forces arising from the MPC rattling action, which acts 
to apply stresses on the MPC shell and MPC fuel basket panels. The MPC primary stresses 
resulting from the earthquake event are confirmed to be bounded by the applicable stress 
limits, and MPC shell secondary stresses local to the area of MPC lid are limited to small 
plastic deformation without risk of breaching the MPC shell; therefore, there is no effect on 
structural function. 
 
All other effects correspond to ability of the VVM CEC, ISFSI Pad, and Support Foundation 
Pad to resist the earthquake loadings. Because the VVM is buried in the substrate, tip-over of 
the VVM is not credible. The entire VVM can move laterally with the surrounding and 
supporting substrate. Because of its underground construction, the HI-STORM UMAX VVM 
is inherently safe under seismic events. Analyses presented in Chapter 3 show that the VVM 
will continue to render its intended function under a seismic event whose severity is bounded 
by the Design Basis Earthquake set forth in Chapter 2. Therefore, there is no adverse effect 
on the structural function of the system. 

 
  ii. Thermal 

 
There is no effect on the function of HI-STORM UMAX VVM heat transfer features as a 
result of this accident event because no constriction of the air flow passages within the 
system is predicted to occur. Concentricity between the MPC within the CEC shell is 
maintained by design features and therefore the effect of MPC movement within the storage 
cavity has a negligible impact on air flow distribution. Thus, the cooling effectiveness of the 
HI-STORM UMAX VVMs is expected to remain essentially undiminished in the wake of a 
DBE event. 

 
 iii. Shielding 

 
There is no adverse effect on the function of shielding features of the system as a result of 
this accident event. 

 
  iv. Criticality 

 
There is no effect on the criticality control features of the MPC as a result of this accident 
event. 
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  v. Confinement 
 

There is no effect on the confinement function of the MPC as a result of this accident event. 
Structural evaluation shows all stresses and strains do not exceed design criteria, assuring 
confinement boundary integrity. 

 
vi. Radiation Protection and Consequences 

 
Since there is no effect on shielding or confinement functions as discussed above, there is no 
radiological consequence (from effluents and direct radiation) as a result of this accident 
event. A minor increase to occupational exposures for the performance of corrective actions 
is expected. 

 
12.2.5.3  Earthquake Accident Corrective Action 
 
Under a seismic event at an ISFSI, any damage to the HI-STORM UMAX system is expected to 
be localized and limited to the MPC guides and the MPC shell. A visual inspection in the wake 
of a seismic event shall be performed as follows: 
 

• Visual inspection to confirm the extent of damage (if any) to the MPC shell is negligible.  
• Visual inspection to verity the extent of damage (if any) to other VVM components 

important-to-safety is negligible.  
• Visual inspection to confirm that the insulation attached to the Divider shell remains 

securely attached and undamaged  
• Visual inspection to confirm all air flow passages are clear of obstructions. 

 
Inspections requirements may be modified depending on the severity of the earthquake and other 
site-specific conditions. Corrective actions shall be implemented based on the results of the 
inspection. 
 
12.2.5.4  Conclusion  
 
Based on the above evaluation, it is concluded that the Design Basis Earthquake will not affect 
the safe operation of the HI-STORM UMAX system. Corrective actions, however, may be 
necessary to restore the system to the pre-seismic condition. 
 
12.2.6  100% Fuel Rod Rupture 
 
This accident event postulates the non-mechanistic condition that all the fuel rods rupture and 
that the quantities of fission product gases and fill gas are released from the fuel rods into the 
MPC cavity consistent with ISG-5, Revision 1. 
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12.2.6.1 Cause of 100% Fuel Rod Rupture 
 
Through all credible accident conditions, the HI-STORM UMAX system maintains the spent 
nuclear fuel in an inert environment while maintaining the peak fuel cladding temperature below 
the required short-term temperature limits, thereby providing assurance of fuel cladding 
integrity. Therefore, there is no credible cause for 100% fuel rod rupture. This accident is 
postulated in NUREG-1536 to evaluate the MPC confinement barrier for the maximum possible 
internal pressure based on the non-mechanistic failure of 100% of the fuel rods.  
 
12.2.6.2  Analysis 
 
The following is an evaluation of effects on structural, thermal, criticality, confinement, and 
radiation protection performance on the HI-STORM UMAX storage system. 
 

 i. Structural 
 

The effect of 100% rod rupture on the MPC is an increase in pressure boundary stresses.  
Calculations in Chapter 4 show that the accident internal pressure limit bounds the pressure 
from the 100% fuel rod rupture event; therefore, there is no effect on the MPC’s structural 
function. 

 
 ii. Thermal 

 
A bounding MPC internal pressure for the 100% fuel rod rupture condition is presented in 
Table 4.4.7. The design basis accident condition MPC internal pressure set in Table 2.3.5 and 
used in the structural evaluation bounds the calculated value. The increased pressure due to 
the 100% rod rupture has the concomitant (beneficial) effect of enhanced heat transfer 
through the gases in the MPC cavity. It is concluded that temperatures and pressures 
resulting from the accident event are bounded by the applicable system temperature and 
pressure limits; therefore, there is no adverse effect on thermal function. 

 
 v. Shielding 

 
There is no adverse effect on function of the shielding features of the system as a result of 
this accident event. 

 
  vi. Criticality 

 
There is no effect on the function of criticality control features of the MPC as a result of this 
accident event. 

 
 vii. Confinement 
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There is no effect on the function of confinement features of the MPC as a result of this 
accident event. Structural evaluation shows all stresses remain within allowable values, 
assuring confinement boundary integrity. 

 
 viii. Radiation Protection and Consequences 

 
Since there is no effect on shielding or confinement functions as discussed above, there is no 
radiological consequence (from effluents and direct radiation) and no expected increase to 
occupational exposures as a result of this accident event. 

 
Based on the above, it is concluded that the non-mechanistic 100% fuel rod rupture accident 
event does not affect the safe operation of the HI-STORM UMAX system. 
 
12.2.6.3  100% Fuel Rod Rupture Dose Calculations 
 
The breach of fuel cladding postulated in this accident event does not result in any physical 
change to the storage system other than some release of gases and a limited quantity of solids 
(particulates) into the gaseous helium space. The amount of the radiation source remains 
unaffected. Hence, the radiation dose at the site boundary will not change perceptibly, i.e., there 
are no consequences to the site boundary dose. 
 
12.2.6.4 100% Fuel Rod Rupture Accident Corrective Action 
 
As shown in the analysis of the 100% fuel rod rupture accident, the MPC Confinement Boundary 
is not damaged. The HI-STORM UMAX storage System is designed to withstand this accident 
and continue performing the safe storage of spent nuclear fuel under normal storage conditions. 
No corrective actions are required. 
 
12.2.6.5  Conclusion  
 
The above evaluation shows that this accident event will not adversely affect the continued 
safety of the storage system 
 
12.2.7 Confinement Boundary Leakage 
 
None of the postulated environmental phenomenon or accident conditions identified in Chapter 2 
has been determined to precipitate failure of the confinement boundary. The MPC uses 
redundant confinement closures to assure that there is no release of radioactive materials. The 
analyses presented in the HI-STORM FW FSAR and in Chapter 3 herein demonstrate that the 
MPC remains intact during all postulated accident conditions. The information contained in 
Chapter 7 of the HI-STORM FW FSAR demonstrates that the MPC is designed, fabricated, 
tested, and inspected to meet the guidance of ISG-18 such that unacceptable leakage from the 
Confinement Boundary is non-credible.  
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12.2.8  Explosion (Load Case 01 in Section 2.4) 
12.2.8.1 Cause of Explosion 
 
An explosion within the protected area of an ISFSI is improbable since there are no explosive 
materials permitted within the site boundary. However, an explosion as a result of combustion of 
the fuel contained in a cask transport vehicle is possible. As the fuel available for the explosion is 
limited in quantity, the effects of an explosion on a reinforced structure are minimal. Explosions 
that are credible for a specific ISFSI would require a site hazards evaluation under the provisions 
of 10CFR72.212 regulations by the ISFSI owner using the methodology set forth in Chapter 3. 
 
12.2.8.2 Explosion Analysis 
 
Any credible explosion accident for the MPC is bounded by the accident external design pressure 
(Table 2.3.5). Because explosive materials are not stored within close proximity to the casks, the 
design basis pressure wave from explosion is limited to a small value (Table 2.3.1). The 
bounding analysis in Chapter 3 shows that the MPC and the CEC can withstand the effects of 
substantial accident external pressures without collapse or rupture. 
 

  i. Structural 
 

The effect of explosion at the HI-STORM UMAX ISFSI is a near instantaneous increase of 
external pressure over the top exterior surface of the VVM closure lid and in the air passages 
and cavity space of the VVM due to the explosion-induced pressure wave. Chapter 3 
includes an evaluation of the effect of the design-basis pressure wave set in Table 2.3.1 and 
applied as a static pressure on the exterior surfaces of the closure lid producing a downward 
force. Since the pressure wave entering the VVM through the closure lid vents will have 
slightly less energy, there is no need to consider uplift of the closure lid. Thus, the evaluation 
shows that the overpressure wave does not result in lid separation and that all lid stresses are 
a fraction of the allowable limits. Therefore, the continued structural integrity of the Closure 
Lid is assured. 

 
Site-specific explosion scenarios that are not evidently bounded by the design basis explosion 
load considered in this FSAR shall be evaluated under the provisions of 10CFR72.212. 

 
 ii. Thermal 

 
There is no effect on the function of HI-STORM UMAX VVM heat transfer features as a 
result of this accident event occurring at the ISFSI. No deformation of the HI-STORM 
UMAX VVM components that would result in the constriction of the air flow passages 
within the VVM is indicated. 

 
   iii. Shielding 
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There is no effect on the function of shielding features of the system as a result of this 
accident event. 

 
 v. Criticality 

 
There is no effect on the function of criticality control features of the MPC as a result of this 
accident event. 

 
vi. Confinement 

 
There is no effect on the confinement function of the MPC as a result of this accident event. 
As the above mentioned structural evaluation shows, all stresses remain within allowable 
values, assuring confinement boundary integrity. 

 
  vii. Radiation Protection and Consequences 

 
Since there is no effect on shielding or confinement functions as discussed above, there is no 
radiological consequence (from effluents and direct radiation) as a result of this accident 
event. A negligible-to-minor increase to occupational exposures for the performance of 
corrective actions is expected. 

 
12.2.8.3  Corrective Action 
 
As there is no permanent damage indicated by this accident event, there is no need for a 
corrective action. 
 
12.2.8.4  Conclusion 
 
Based on the above evaluation, it is concluded that the design basis explosion accident event 
does not affect the safe operation of the loaded HI-STORM UMAX storage system. 
 
12.2.9 Lightning 
 
12.2.9.1 Cause of Lightning 
 
Lightning is a meteorological event that occurs in all parts of the world. 
 
12.2.9.2 Lightning Analysis 
 
Because of its underground construction, the subterranean portion of the HI-STORM UMAX 
System is unlikely to be subjected to a direct lightning strike. The HI-STORM UMAX closure 
lid is, however, aboveground (albeit a low profile structure) and could be subjected to a direct 
strike.  
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When the HI-STORM UMAX VVM is struck with lightning, the lightning will discharge 
through the steel shell of the lid and the CEC structure to the ground. Lightning strikes have high 
currents, but their duration is short (i.e., less than a second). The VVM shell and lid are 
composed of conductive steel and, as such, provides a direct path to the ground into the substrate 
with which it has a large interface. 
 
Because the VVMs are buried in substrate, they are self-grounding. The lightning current will 
discharge into the VVM steel structure and directly into the ground. Therefore, the MPC (made 
of relatively non-conductive austenitic stainless steel) will be unaffected. 
 

i. Structural 
 
There is no structural consequence as a result of this event. 
 
ii. Thermal 
 
There is no effect on the thermal performance of the system as a result of this event. 
 
iii. Shielding 
 
There is no effect on the shielding performance of the system as a result of this event. 
 
iv. Criticality 
 
There is no effect on the criticality control features of the system as a result of this event. 
 
v. Confinement 
 
There is no effect on the confinement function of the MPC as a result of this event. 
 
vi. Radiation Protection 
 
Since there is no degradation in shielding or confinement capabilities as discussed above, 
there is no effect on occupational or public exposures as a result of this event. 

 
12.2.9.3 Lightning Dose Calculations 
 
As lightning strike has no effect on the Confinement Boundary or shielding materials, no dose 
analysis is necessary. 
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12.2.9.4 Lightning Accident Corrective Action 
 
The HI-STORM UMAX System will not sustain any damage from the lightning accident that 
might adversely affect its performance. Therefore, no surveillance or corrective action is  
required subsequent to a lightning action at the HI-STORM UMAX  ISFSI. 
 
12.2.9.5  Conclusion 
 
Based on this evaluation, it is concluded that a lightning event will not affect the safe operation 
of the HI-STORM UMAX System. 
 
12.2.10 100% Blockage of Air Inlet 
 
12.2.10.1 Cause of 100% Blockage of Air Inlet 
 
This event is defined as a complete blockage of all VVM inlets. A complete blockage of all 
VVM inlets cannot be realistically postulated to occur at most sites. However, a flood, blizzard 
snow accumulation, tornado debris, or volcanic activity, where applicable, can cause a 
significant blockage. 
 
12.2.10.2 100% Blockage of Air Inlet Analysis 
 
The immediate consequence of a complete blockage of the air inlet openings is that the normal 
circulation of air for cooling the MPC is stopped. An amount of heat will continue to be removed 
by localized air circulation patterns in the outlet opening, and the MPC will continue to radiate 
heat to the relatively cooler soil. As the temperatures of the MPC and its contents rise, the rate of 
heat rejection will increase correspondingly. Under this condition, the temperatures of the HI-
STORM UMAX overpack, the MPC and the stored fuel assemblies will rise as a function of 
time. 
 
As a result of the large mass and correspondingly large thermal capacity of the HI-STORM 
UMAX overpack, it is expected that a significant temperature rise is only possible if the blocked 
condition is allowed to persist for an extended duration. This accident condition is, however, a 
short duration event that will be identified by the ISFSI staff, at worst, during scheduled periodic 
surveillance at the ISFSI site and corrected using the site’s emergency response process.   
 

 i. Structural 
 

There are no structural consequences as a result of this event  
` 

 ii. Thermal 
 
A thermal analysis is performed in Subsection 4.6.2.3 to determine the effect of a complete 
blockage of all inlets for an extended duration. For this event, both the fuel cladding and 
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component temperatures (see Table 4.6.7) remain below their accident temperature limits  
(see Table 2.3.7). The MPC internal pressure for this event is evaluated and reported in 
Table 4.6.10 and is bounded by the design basis internal pressure for accident conditions 
(see Table 2.3.5).  

 
 iii. Shielding 
 
The above thermal results indicate insignificant loss of material and, therefore, the effect of 
this event on the shielding capacity is expected to be negligible. 
 
iv. Criticality 
 
There is no effect on the function of criticality control features of the MPC as a result of this 
accident event. 
 
v. Confinement 
 
There is no effect on the confinement function of the MPC as a result of this accident event. 
 
vi. Radiation Protection and Consequences 
 
Since there is no effect on shielding or confinement functions as discussed above, there is no 
radiological consequence (from effluents and direct radiation) as a result of this event. A 
negligible-to-minor increase to occupational exposures for the performance of corrective 
actions is expected. 

 
12.2.10.3  Corrective Action 
 
Analysis of the 100% blockage of air inlet accident shows that the temperatures for system 
components and fuel cladding are within the accident temperature limits if the blockage is 
cleared within the maximum elapsed period between scheduled surveillance inspections. Upon 
detection of the complete blockage of the air inlet openings, the ISFSI owner shall activate its 
emergency response procedure to remove the blockage with mechanical and manual means as 
necessary. After clearing the overpack openings, the system shall be visually and radiologically 
inspected for any damage. If exit air temperature monitoring is performed in lieu of direct visual 
inspections, the difference between the ambient air temperature and the exit air temperature will 
be the basis for the assurance that the temperature limits are not exceeded.  
 
For an accident event that completely blocks the inlet or outlet air openings for greater than the 
analyzed duration, a site-specific evaluation or analysis may be performed to whether adequate 
heat removal for the duration of the event would occur. Adequate heat removal is defined as the 
minimum rate of heat dissipation that ensures cladding temperatures limits are met and structural 
integrity of the MPC and overpack is not compromised. For those events where an evaluation or 
analysis is not performed or is not successful in showing that cladding temperatures remain 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001651

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 11 of 295
(1685 of 2110)



 

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090                                                                                                                                                                                           Rev. 2 

12-30 
 

 

below their short term temperature limits, the site’s emergency plan shall include provisions to 
address removal of the material blocking the air inlet openings and to provide alternate means of 
cooling prior to exceeding the time when the fuel cladding temperature reaches its short-term 
temperature limit. Alternate means of cooling could include, for example, spraying water into the 
air outlet opening using pumps or fire-hoses or blowing air into the air outlet opening, to directly 
cool the MPC. 
 
12.2.10.4  Conclusion  
 
Based on the above evaluation, it is concluded that the 100% blockage of air inlet accident event 
does not affect the safe operation of the HI-STORM UMAX System, if the blockage is removed 
in the specified time period. 
 
12.2.11 Burial Under Debris 
 
12.2.11.1 Cause of Burial Under Debris 
 
Complete burial of the entire HI-STORM UMAX VVM assembly is not a credible accident 
because it is a large structure (see the drawing package in Section 1.5) and during storage at the 
ISFSI, there are no large structures above the casks that may collapse and bury the VVM. The 
minimum regulatory distance(s) from the ISFSI to the nearest site boundary and the controlled 
area around the ISFSI concrete pad precludes the close proximity of substantial amounts of 
vegetation. However, for purposes of safety evaluation, complete burial of the VVM including 
blockage of all inlet and outlet flow passages is assumed. 
 
12.2.11.2 Burial Under Debris Analysis 
 
Burial of the inlet plenum under debris will adversely affect thermal performance because the 
debris will block the inflow of air. This will cause the fuel cladding temperatures to increase. A 
thermal analysis has been performed to determine the time for the fuel cladding temperatures to 
reach the accident condition temperature limit due to a burial of the inlet plenum under debris 
accident, assuming that the debris causes complete cut-off of cool air through the inlet passages. 
This computed time, T-max, is specified in the Technical Specification as an LCO.   
 

 i. Structural 
 

The effect of 100% blockage of air inlet on the MPC is an increase in component and fuel 
cladding temperatures and internal pressure and thus an increase in pressure boundary 
stresses. However, the resultant temperatures and pressures, for a burial duration equal to T-
max, are below the accident condition design limits as discussed in the thermal effects 
evaluation below. The MPC stresses resulting from the blockage of air inlet are confirmed to 
be bounded by the applicable ASME code limits; therefore, there is no effect on structural 
function. 
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 ii. Thermal 
 
The fuel cladding and MPC integrity is evaluated in Subsection 4.6.2.4. The evaluation 
demonstrates that the fuel cladding and confinement function of the MPC are not 
compromised even if the burial event lasts for a substantial duration.  
 
 iii. Shielding 
 
The above thermal results indicate that there will be no material loss in the shielding capacity 
of the system. 
 
iv. Criticality 
 
There is no effect on the function of criticality control features of the MPC as a result of this 
accident event. 
 
v. Confinement 
 
There is no effect on the confinement function of the MPC as a result of this accident event. 
 
vi. Radiation Protection and Consequences 
 
Since there is no effect on shielding or confinement functions as discussed above, there is no 
radiological consequence (from effluents and direct radiation) as a result of this event. A 
negligible-to-minor increase to occupational exposures for the performance of corrective 
actions is expected. 

 
12.2.11.3  Corrective Action 
 
Analysis of the burial-under-debris accident shows that the fuel cladding peak temperatures are 
not exceeded for the duration of the accident equal to T-max. Upon detection of the burial- 
under-debris accident, the ISFSI operator shall assign personnel to remove the debris from 
around and inside the VVM cavity with mechanical and manual means as necessary. After 
removing the debris, the storage cavities shall be visually inspected for any damage. The loaded 
MPC may have to be removed from the VVM cavities to allow complete inspection of the VVM 
cavities. Removal of obstructions to the air flow path shall be performed prior to the re-insertion 
of the MPC. The site’s emergency action plan shall include provisions for the implementation of 
this corrective action. 
 
12.2.11.4  Conclusion  
 
Based on the above evaluation, it is concluded that the burial-under-debris accident event does 
not affect the safe operation of the HI-STORM UMAX System, if the blockage is removed in the 
specified time period. 
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12.2.12 Extreme Environmental Temperature 
 
12.2.12.1  Cause of Extreme Environmental Temperature 
 
The extreme environmental temperature is postulated (see Table 2.3.6) as a 3-day average 
temperature caused by extreme weather conditions.  
 
12.2.12.2 Extreme Environmental Temperature Analysis 
 
To determine the effects of the extreme temperature, it is conservatively assumed that the 
temperature persists for a sufficient duration (3 days) to allow the HI-STORM storage system to 
achieve thermal equilibrium.  
 
The accident condition considering an extreme environmental temperature (Table 2.3.6) for a 
duration sufficient to reach thermal equilibrium is evaluated with respect to accident condition 
design temperatures listed in Table 2.3.7.  
 

  i. Structural 
 
The effect on the MPC for the extreme environmental temperature conditions is an increase 
in component and fuel cladding temperatures and internal pressure and thus an increase in 
pressure boundary stresses. However, the resultant temperatures and pressures are below the 
accident design limits as discussed in the thermal effects evaluation below. The MPC stresses 
resulting from the extreme environmental temperatures event are confirmed to be bounded by 
the applicable pressure boundary stress limits; therefore, there is no effect on structural 
function.  
 
 ii. Thermal 
 
The thermal evaluation of extreme environmental temperature is discussed in Section 4.6.2.2. 
The calculated bounding temperatures and pressures are conservatively evaluated assuming 
the asymptotic maximum (steady-state) condition to have been reached. Temperature results 
reported in Table 4.6.6 indicate that all thermal criteria are met. Additionally, the increased 
temperatures generate an elevated MPC internal pressure, reported in Table 4.6.10, which is 
less than the accident design pressure limit specified in Table 2.3.5. The temperatures and 
pressures resulting from the increased pressure event are confirmed to be bounded by the 
applicable system temperature and pressure limits; therefore, there is no effect on thermal 
function. 
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 iii. Shielding 
 
There is no effect on the function of shielding features of the system as a result of this 
accident event. Concrete temperatures in the lid are confirmed to  remain below  its accident 
temperature limit. 
 
 iv. Criticality 
 
There is no effect on the function of criticality control features of the MPC as a result of this 
accident event. 
 
 v. Confinement 
 
There is no effect on the confinement function of the MPC as a result of this accident event. 
Structural evaluation shows all stresses remain within allowable values, assuring 
confinement boundary integrity. 
 
 vi.  Radiation Protection and Consequences 
 
Since there is no effect on shielding or confinement functions as discussed above, there is no 
radiological consequence (from effluents and direct radiation) and no increase to 
occupational or public exposures as a result of this accident event. 
 

12.2.12.3  Corrective Action 
 
The extreme environmental temperature is a self-correcting event. No corrective action is 
required. 
 
12.2.12.4  Conclusion  
 
Based on this evaluation, it is concluded that the extreme environment temperature accident 
event does not affect the safe operation of the HI-STORM UMAX System. 
 
12.2.13 HI-TRAC VW Transfer Cask Handling Accident 
 
HI-TRAC VW transfer cask handling accident evaluated in the HI-STORM FW FSAR Section 
12.2.1 [4.1.2] is incorporated by reference. 
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12.3  OTHER EVENTS 
 
This section addresses miscellaneous events, which are placed in the category of “other events” 
since they cannot be categorized as off-normal or accident events. The following “other events” 
are discussed in this chapter: 
 

• Hazards during Construction Proximate to the ISFSI 
• MPC Reflood 

 
The results of the evaluations performed herein demonstrate that the loaded HI-STORM UMAX 
VVMs can withstand the effects of “other events” without affecting safety function. 
 
 
12.3.1   Construction Proximate to an Operating ISFSI 
 
12.3.1.1  Cause of the Event 
 
This situation will arise if the facility owner decides to expand the existing storage capacity by 
adding VVM assemblies adjacent to an operating ISFSI. As demonstrated in Chapter 3, the Self-
hardening Engineered Subgrade (SES), in the absence of the optional Enclosure Wall, can 
remain intact under the Design Basis Earthquake condition and can effectively protect loaded 
VVMs against tornado missile impacts. This FSAR permits excavation adjacent to one side of 
the HI-STORM UMAX ISFSI at any given time. However, the excavation depth shall be limited 
to the bottom surface of the Support Foundation Pad (SFP). 
 
12.3.1.2   Safety Analysis 
 

i. Structural  
 

The soil-structure interaction analysis of the ISFSI assuming that the subgrade has been 
excavated down to the SFP elevation for (a theoretically) infinite distance next to one side of 
the ISFSI has been performed. The analyses show that the storage system is kinematically 
stable and the stresses in the reinforced concrete structures meet the applicable ACI limits 
and that the canister retrievability in the wake of an earthquake is assured. In the absence the 
optional Enclosure Wall, the tensile stress developed in the SES under the Design Basis 
Earthquake condition is well below the tensile capacity of the SES material. Moreover, the 
local strains in the stored canisters from internal impact are well within the limit specified in 
this FSAR.  
 
Furthermore, the scenario of a tornado missile striking the exposed SES has also been 
considered in Chapter 3. Analyses summarized in Section 3.4 show that the design basis 
projectiles (large, medium, or small), specified in Chapter 2 of this FSAR, applied in the 
most vulnerable location of the construction cavity, will fail to reach any stored MPC.  
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ii. Thermal 
 

There is no effect on the thermal performance of the system as a result of this event. 
 

vii. Shielding 
 

There is no effect on the function of shielding features of the system as a result of this event. 
 

 
viii. Criticality 

 
There is no effect on the function criticality control features of the MPC as a result of this 
event. 

 
ix. Confinement 

 
There is no effect on the function of confinement features of the MPC as a result of this 
event.  

 
x. Radiation Protection  

 
To protect an installed ISFSI from any site construction activity in its proximity, a certain 
minimum ground buffer distance beyond the edge of the perimeter of the VVM arrays is 
prescribed in the licensing drawings. This radiation protection space (RPS) defines the no-
construction zone around the installed and loaded VVMs (see Chapter 1). 
 
A generic evaluation of the shielding consequences of digging a cavity adjacent to the RPS 
has been considered in Chapter 5 of this FSAR. The analyses show that the dose at the edge 
of the cavity is well below 0.2 mrem/hr, which is well below the customary limit that 
requires radiation posting at nuclear power plants. Therefore, the excavation activities shall 
be ALARA. 
 
Nevertheless, the owner will implement appropriate measures and provide appropriate safety 
training to the construction crew in keeping with the plant’s radiation protection plan. 
Analysis of the consequences of any credible site-specific loads or events during site 
construction work shall be performed with due consideration of the duration and nature of the 
site construction activity. As is required for deploying casks certified under 10CFR72, 
Subpart L, every site modification that may potentially impact the continued operability of 
the ISFSI must be evaluated for acceptability under 10CFR72.212. 

 
Because the actual projectiles for a specific ISFSI site are often different from the tornado-borne 
missiles analyzed in Chapters 3 and 5 herein, a site-specific analysis of the effect of all credible 
missiles shall be performed assuming that the largest construction cavity adjacent to the ISFSI 
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exists. PRA considerations shall not be used to rule out any missile that has been determined to 
be credible in the plant’s FSAR.  
 
To summarize, the RPS provides sufficient margin (buffer) against design basis projectiles 
analyzed in Chapter 3. In addition to the generic analyses documented in this FSAR, a site-
specific evaluation pursuant to §72.212 shall be performed for all other credible hazards that can 
be postulated during site construction. Administrative controls to guard against accidental human 
error in excavations (such as encroachment of the RPS) shall be addressed through written 
procedures consistent with the required controls needed for a safety significant activity within a 
Part 50 controlled area. 
  
Furthermore, the ISFSI owner shall implement ameliorative measures to prevent unacceptable 
damage to the ISFSI from any other credible adverse scenarios unique to a site that has not been 
considered in this FSAR. An example of such a measure is the installation of a berm to protect 
against environmental events such as soil erosion and mud slides. Such site-specific design 
initiatives at any “UMAX” ISFSI, like its aboveground counterpart, are within the purview of the 
plant’s §72.212 process. 
 
12.3.1.3  Corrective Action 
 
As the excavation work is a planned activity, no corrective action is required. 
 
12.3.1.4  Conclusion 
 
An excavation activity adjacent to an operating ISFSI is permitted provided all safety and 
radiation protection requirements of the host plant are followed.  
 
12.3.2 MPC Reflood 
 
MPC reflood evaluated in the HI-STORM FW FSAR Section 12.3.1 [4.1.2] is incorporated by 
reference. 
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CHAPTER 13: OPERATING CONTROLS AND LIMITS 
 
 
13.0 INTRODUCTION 
 
This chapter defines the operating controls and limits (i.e., Technical Specifications) including 
their supporting bases for deployment and storage of an approved MPC type (see Table 1.2.1) in 
a HI-STORM UMAX VVM at an ISFSI.  Table 1.2.1 provides the CoC amendment numbers for 
the MPCs that have been considered in the safety analysis documented in this report. Thus while 
the safety analyses have been carried out in this FSAR for all MPCs presently certified  in 
Docket # 72-1014 (HI-STORM 100) and Docket # 1032 (HI-STORM UMAX), the Certificate-
of- Compliance  sought pursuant to this licensing submittal is limited to qualifying only  MPC-
37 and MPC-89 which  have been previously certified in the HI-STORM FW docket.  
 
 
13.1 PROPOSED OPERATING CONTROLS AND LIMITS 
13.1.1  NUREG-1536 (Standard Review Plan) Acceptance Criteria 
This portion of the FSAR establishes the commitments regarding the HI-STORM UMAX system 
and its use. Other 10CFR72 [13.1.1] and 10CFR20 [13.1.2] requirements in addition to the 
Technical Specifications may apply. The conditions for a general license holder found in 
10CFR72.212 [13.1.1] shall be met by the licensee prior to loading spent fuel into the HI-
STORM UMAX system. The general license conditions governed by 10CFR72 [13.1.1] are not 
repeated within these Technical Specifications. Licensees are required to comply with all 
commitments and requirements. 
 
The Technical Specifications provided in Appendix A to the CoC and the authorized contents 
and design features provided in Appendix B to the CoC are primarily established to maintain 
subcriticality, the confinement boundary, shielding and radiological protection, heat removal 
capability, and structural integrity under normal, off-normal and accident conditions.  

Table 13.1.1 addresses each of these conditions applicable to HI-STORM UMAX and identifies 
the appropriate Technical Specification(s) designed to control the condition  Table 13.1.2 
provides the list of Technical Specifications for the loading operations and long term fuel storage 
in the HI-STORM UMAX system. 
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Table 13.1.1 

 
HI-STORM UMAX SYSTEM CONTROLS 

Condition to be Controlled Applicable Technical Specifications† 

Criticality Control 3.3.1 Boron Concentration 

Confinement boundary integrity 
and integrity of cladding on 
undamaged fuel 

3.1.1 Multi-Purpose Canister (MPC) 
 

Shielding and radiological 
protection 

3.1.1 Multi-Purpose Canister (MPC) 
3.1.3 MPC Reflooding 
3.2.1 TRANSFER CASK Surface Contamination 
5.1 Radioactive Effluent Control Program 
5.3 Radiation Protection Program 

Heat removal capability 3.1.1 Multi-Purpose Canister (MPC) 
3.1.2 SFSC Heat Removal System 
 

Structural integrity 5.2 Transport Evaluation Program 

 

                                                 
† Technical Specifications are located in Appendix A to the CoC. Authorized contents are specified in 

this FSAR in Subsection 2.1.8 
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Table 13.1.2 

 
HI-STORM UMAX SYSTEM TECHNICAL SPECIFICATIONS 

NUMBER TECHNICAL SPECIFICATION  
1.0 USE AND APPLICATION 

 
1.1 DEFINITIONS 
1.2 LOGICAL CONNECTORS 
1.3 COMPLETION TIMES 
1.4 FREQUENCY 
2.0 Not Used 
3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY 

SURVEILLANCE REQUIREMENT (SR) APPLICABILITY 
3.1 SFSC Integrity 
3.1.1  Multi-Purpose Canister (MPC) 
3.1.2  SFSC Heat Removal System 
3.1.3  MPC Cavity Reflooding 
3.2 SFSC Radiation Protection 
3.2.1  TRANSFER CASK Surface Contamination 
3.3 SFSC Criticality Control 
3.3.1  Boron Concentration 
Table 3-1 MPC Cavity Drying Limits 
Table 3-2 MPC Helium Backfill Limits 
4.0 Not Used 
5.0 ADMINSTRATIVE CONTROLS 
5.1 Radioactive Effluent Control Program 
5.2 Transport Evaluation Program 
5.3 Radiation Protection Program 
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13.2 DEVELOPMENT OF OPERATING CONTROLS AND LIMITS 
 
This section provides a discussion of the operating controls and limits, and training requirements 
for the HI-STORM UMAX system to assure long-term performance consistent with the 
conditions analyzed in this FSAR.     
 
13.2.1  Training Modules 
 
Training modules are to be developed under the licensee's training program to require a 
comprehensive, site-specific training, assessment, and qualification (including periodic re-
qualification) program for the operation and maintenance of the HI-STORM UMAX Spent Fuel 
Storage Cask (SFSC) System and the Independent Spent Fuel Storage Installation (ISFSI).  The 
training modules shall include the following elements, at a minimum: 
 
1. HI-STORM  UMAX System Design (overview); 
 
2. ISFSI Facility Design (overview); 
 
3. Systems, Structures, and Components Important-to-Safety (overview); 
 
4. HI-STORM UMAX System Safety Analysis Report (overview); 
 
5. NRC Safety Evaluation Report (overview); 
 
6. Certificate of Compliance conditions; 
 
7. HI-STORM UMAX Technical Specifications, Approved Contents, Design Features and 

other Conditions for Use; 
 
8. HI-STORM UMAX Regulatory Requirements (e.g., 10CFR72.48, 10CFR72, Subpart K, 

10CFR20, 10CFR73); 
 
9. Required instrumentation and use; 
 
10. Operating Experience Reviews 
 
11. HI-STORM UMAX System and ISFSI Procedures, including 

• Procedural overview 
• Fuel qualification and loading 
• MPC /HI-TRAC/VVM Closure Lid rigging and handling, including safe load 

pathways 
• MPC welding operations 
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• HI-TRAC/VVM staging operation  
• Auxiliary equipment operation and maintenance (e.g., draining, moisture removal, 

helium backfilling and cooldown) 
• MPC/HI-TRAC/VVM pre-operational and in-service inspections and tests 
• Transfer and securing of the loaded HI-TRAC onto the transport vehicle 
• Movement of HI-TRAC to ISFSI. 
• Transfer of MPC to VVM 
• Preparation of MPC/HI-TRAC VVM for fuel unloading 
• Retrieval of MPC from VVM 
• Surveillance  
• Radiation protection 
• Maintenance 
• Security 
• Off-normal and accident conditions, responses, and corrective actions 
 

13.2.2  Dry Run Training 
 
A dry run training exercise of the loading, closure, handling, and transfer of the HI-STORM 
UMAX system shall be conducted by the licensee prior to the first use of the system to load 
spent fuel assemblies.  Dry run training already performed successfully for the HI-STORM 100 
System can be substituted for dry run steps applicable to HI-STORM UMAX.  The dry run shall 
include, but is not limited to the following: 
 
1. Inspection of the HI-STORM UMAX System components. 
 
2. Moving the MPC/HI-TRAC into the spent fuel pool. 
 
3. Preparation of the MPC/HI-TRAC for fuel loading. 
 
4. Selection and verification of specific fuel assemblies to ensure conformance. 
 
5. Locating specific assemblies and placing assemblies into the MPC/HI-TRAC (using a 

dummy fuel assembly), including appropriate independent verification. 
 
6. Remote installation of the MPC lid and removal of the MPC/HI-TRAC from the spent 

fuel pool. 
 
7. MPC welding, NDE inspections, pressure testing, draining, moisture removal, and helium 

backfilling (for which a mockup MPC may be used). 
 
8 Movement of the loaded HI-TRAC to the ISFSI. 
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9. Transfer of the MPC from the HI-TRAC into the HI-STORM UMAX VVM at the ISFSI. 
 
13.2.3 Functional and Operating Limits, Monitoring Instruments, and Limiting Control 
 Settings 
 
The controls and limits apply to operating parameters and conditions which are observable, 
detectable, and/or measurable.  The HI-STORM UMAX system is completely passive during 
storage and requires no monitoring instruments. The user may choose to implement a 
temperature monitoring system or visually inspect the vent screens to verify operability of the 
VVM heat removal system in accordance with Technical Specification Limiting Condition for 
Operation (LCO) 3.1.2.  
 
13.2.4  Limiting Conditions for Operation (LCO) 
 
Limiting Conditions for Operation (LCO) specify the minimum capability or level of 
performance that is required to assure that the HI-STORM UMAX system can fulfill its safety 
functions. 
 
13.2.5  Equipment 
 
The HI-STORM UMAX system and its components have been analyzed for specified normal, 
off-normal, and accident conditions, including extreme environmental conditions.  Analysis has 
shown that no credible condition or event prevents the HI-STORM UMAX system from meeting 
its safety function.  As a result, there is no threat to public health and safety from any postulated 
accident condition or analyzed event. When all equipment is loaded, tested, and placed into 
storage in accordance with procedures developed for the ISFSI, no failure of the system to 
perform its safety function is expected to occur. 
 
13.2.6  Surveillance Requirements 
 
The analyses show that the HI-STORM UMAX system fulfills its safety functions, provided that 
the Technical Specifications and the Authorized Contents described in Subsection 2.1.8 are met.  
Surveillance requirements during loading, unloading, and storage operations are provided in the 
Technical Specifications. 
 
13.2.7  Design Features 
 
This subsection describes HI-STORM UMAX system design features that are Important to 
Safety.  These features require design controls and fabrication controls.  The design features, 
detailed in this FSAR and in Appendix B to the CoC, are established in specifications and 
drawings which are controlled through the quality assurance program. Fabrication controls and 
inspections are in place to ensure that the HI-STORM UMAX system is fabricated in accordance 
with the licensing drawings in Section 1.5. 
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13.2.8  MPC 
 

a. Basket material composition, properties, dimensions, and tolerances for criticality 
control. 

b. Canister material mechanical properties for structural integrity of the confinement 
boundary. 

c. Canister and basket material thermal properties and dimensions for heat transfer 
control. 

d. Canister and basket material composition and dimensions for dose rate control. 
 
13.2.9  HI-STORM UMAX VVM  
 

a. HI-STORM UMAX VVM material mechanical properties and dimensions for 
 structural integrity to provide protection of the MPC and shielding of the spent 
 nuclear fuel assemblies during handling and storage operations. 

b. HI-STORM UMAX VVM material thermal properties and dimensions for heat 
 transfer control. 

c. HI-STORM UMAX VVM material composition and dimensions for dose rate 
 control. 

 
13.2.10 HI-TRAC Transfer Cask 
 

a. HI-TRAC transfer cask material mechanical properties and dimensions for 
structural integrity to provide protection of the MPC and shielding of the spent 
nuclear fuel assemblies during loading, unloading and handling operations. 

b. HI-TRAC transfer cask material thermal properties and dimensions for heat 
transfer control. 

c. HI-TRAC transfer cask material composition and dimensions for dose rate control. 
 
13.2.11 Verifying Compliance with Fuel Assembly Decay Heat, Burnup, and Cooling 

Time Limits 
 
The examples below demonstrate how the user of the system can determine if fuel assemblies, 
including NFH, are acceptable for loading in either the MPC-37 or the MPC-89 in accordance 
with the allowable decay heat, burnup, and cooling time for the approved contents. 
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 Example 1  
 
In this example, it will be assumed that the MPC-37 is being loaded with array/class 17x17A fuel 
as shown in Figure 2.1.7 with heat loads from Table 2.1.8. Note that sub-design heat load 
patterns are excluded in this example.  
 
Table 13.2.1 provides four hypothetical fuel assemblies in the 17x17A array/class that will be 
evaluated for acceptability for loading in the MPC-37. The decay heat values and the fuel 
classification in Table 13.2.1 are determined by the user.  The other information is taken from 
the fuel assembly and reactor operating records. 
 
Fuel Assembly Number 1 is acceptable for storage in the cells identified in Table 13.2.3  for 
MPC-37 (Figure 2.1.7) Heat Load Charts 1 and 3 for “Short”, “Standard” and “Long” fuel 
assemblies (depending on the assembly length) displayed in Figures 2.1.12, 2.1.13, 2.1.16, 2.1.17 
and 2.1.18. Fuel Assembly Number 1 is not acceptable for storage in the cells identified in Table 
13.2.3 for MPC-37 (Figure 2.1.7) Heat Load Charts 1 and 3, and is not acceptable for storage in 
MPC-37 (Figure 2.1.7) Heat Load Chart 2 for “Short”, “Standard” and “Long” fuel assemblies in 
Figures 2.1.14 and 2.1.15 because the total heat load of the fuel assembly and the non-fuel 
hardware exceeds the per storage cell decay heat limit. “Short”, “Standard” and “Long” fuel 
assemblies are defined in Table 2.1.7.  
 
Fuel Assembly Number 2 is not acceptable for loading.  Fuel Assembly 2 is limited to the cell 
locations for DFCs in the MPC-37 (Figure 2.1.1).  These cells  have a decay heat limits lower 
than the decay heat of the assembly.  This assembly will need additional cooling time (reduction 
in decay heat) to be acceptable for loading in the MPC-37. 
 
Fuel Assembly Number 3 is acceptable for loading in the cells identified in Table 13.2.4 for 
MPC-37 Heat Load Charts 1 and 2 for “Short”, “Standard” and “Long” fuel assemblies 
(depending on the fuel assembly height) displayed in Figures 2.1.12, 2.1.13, 2.1.14 and 2.1.15. 
Fuel Assembly Number 3 is also acceptable for loading in the cells identified in Table 13.2.5 for 
MPC-37 Heat Load Chart 3 for “Short”, “Standard” and “Long” fuel displayed in Figures 16, 17 
and 18. The fuel assembly is limited to these locations due to the non-fuel hardware (Figure 
2.1.5) and the total heat load of the fuel assembly and non-fuel hardware is less than the decay 
heat limits for these cells.  
 
Fuel Assembly Number 4 is not acceptable for loading in the MPC-37 because its cooling time is 
less than the minimum of 3 years.  When the fuel assembly attains three years cooling time it can 
be reevaluated based on the decay heat.  
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Example 2  
 
In this example, it will be assumed that the MPC-89 is being loaded with array/class 10x10A fuel 
as shown in Figure 2.1.8 with heat loads from Table 2.1.9. Sub-design heat loads are excluded in 
this example.   
 
Table 13.2.2 provides four hypothetical fuel assemblies in the 10x10A array/class that will be 
evaluated for acceptability for loading in the MPC-89. The decay heat values and the fuel 
classification in Table 13.2.2 are determined by the user. The other information is taken from the 
fuel assembly and reactor operating records. 
 
Fuel Assembly Number 1 is acceptable for loading in the MPC-89 as Moderate Burnup Fuel 
(MBF) for long-term storage (Figure 2.1.22).  Fuel Assembly 1 is limited to the cell locations for 
DFCs in the MPC-89 (Figure 2.1.2).  These cells have a decay heat limit higher than the decay 
heat of the assembly, therefore the assembly is acceptable for loading in the MPC-89 as MBF for 
long-term storage, but it is limited to the cells depicted in Figure 2.1.2.  
 
Fuel Assembly Number 2 is not acceptable for loading in the MPC-89 as MBF (Figure 2.1.22).  
Fuel Assembly 2 is limited to the cell locations for DFCs in the MPC-89 (Figure 2.1.2).  These 
cells have a decay heat limit lower than the decay heat of the assembly.  This assembly will need 
additional cooling time (reduction in decay heat) to be acceptable for loading in the MPC-89. 
 
Fuel Assembly Number 3 is acceptable for loading in all cell locations of the MPC-89 (Figure 
2.1.8) as MBF for long-term storage. 
 
Fuel Assembly Number 4 is not acceptable for loading in the MPC-89 (Figure 2.1.22).  The 
decay heat limit of the cells is lower than the decay heat limit of the assembly. 
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Table 13.2.1 
 

SAMPLE CONTENTS TO DETERMINE ACCEPTABILITY FOR 
STORAGE 

(Array/Class 17x17A) 
 
FUEL ASSEMBLY 
NUMBER 1 2 3 4 

INITIAL 
ENRICHMENT (WT. % 
235U) 

3.0 3.2 4.3 4.5 

FUEL ASSEMBLY 
BURNUP (MWD/MTU) 37100 35250 41276 55000 

FUEL ASSEMBLY 
COOLING TIME 
(YEARS) 

4.7 3.3 18.2 2.9 

FUEL ASSEMBLY 
DECAY HEAT (KW) 1.01 1.45 0.4 2.08 

NON-FUEL 
HARDWARE 
STORED WITH 
ASSEMBLY 

BPRA None NSA None 

NFH DECAY HEAT 
(KW) 0.5 0 0.3 0 

FUEL 
CLASSIFICATION  Undamaged Damaged Undamaged Undamaged 
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Table 13.2.2 
 

SAMPLE CONTENTS TO DETERMINE ACCEPTABILITY FOR 
STORAGE 

(Array/Class 10x10A) 
 
FUEL ASSEMBLY 
NUMBER 1 2 3 4 

INITIAL 
ENRICHMENT (WT. % 
235U) 

3.0 3.2 4.3 4.5 

FUEL ASSEMBLY 
BURNUP (MWD/MTU) 37100 35250 41276 55000 

FUEL ASSEMBLY 
COOLING TIME 
(YEARS) 

4.7 3.3 18.2 7 

FUEL ASSEMBLY 
DECAY HEAT (KW) 0.43 0.55 0.2 0.61 

FUEL 
CLASSIFICATION  Damaged Damaged Undamaged Undamaged 
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Table 13.2.3: Fuel Assembly Number 1 in Table 13.2.1 

MPC-37 cells Authorized for Storage  MPC-37 cells Not Authorized for Storage 

5, 6, 7, 10, 14, 17, 21, 24, 28, 31, 32, 33 1, 2, 3, 4, 8, 9, 11, 12, 13, 15, 16, 18, 19, 20, 
22, 23, 25, 26, 27, 29, 30, 34, 35, 36, 37 

Note: See Subsection 13.2.11, Example 1 for discussion.  
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Table 13.2.4: Storage of Fuel Assembly Number 3 (Table 13.2.1) in the MPC-37  

(Heat Load Charts 1 and 3)  
MPC-37 cells Authorized for Storage MPC-37 cells Not Authorized for Storage 
5, 6, 7, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 
24, 25, 26, 27, 28, 31, 32, 33 

1, 2, 3, 4, 8, 9, 15, 16, 22, 23, 29, 30, 34, 35, 
36, 37 

Note: See Subsection 13.2.11, Example 1 for discussion. 
 
 
 
 

Table 13.2.5: Storage of Fuel Assembly Number 3 (Table 13.2.1) in  
MPC-37 (Heat Load Chart 2)  

MPC-37 cells Authorized for Storage MPC-37 cells Not Authorized for Storage 
5, 6, 7, 10, 11, 12, 13, 14, 17, 18, 20, 21, 24, 
25, 26, 27, 28, 31, 32, 33 

1, 2, 3, 4, 8, 9, 15, 16, 19, 22, 23, 29, 30, 34, 
35, 36, 37 

Note: See Subsection 13.2.11, Example 1 for discussion.
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13.3 TECHNICAL SPECIFICATIONS 
 
Technical Specifications for the HI-STORM UMAX system are provided in Appendix A to the 
Certificate of Compliance. Authorized Contents (i.e., fuel specifications) and Design Features 
are provided in Appendix B to the CoC. Bases applicable to the Technical Specifications are 
provided in the FSAR Appendix 13.A.  The format and content of the HI-STORM UMAX 
system Technical Specifications and Bases are that of the Improved Standard Technical 
Specifications for power reactors, to the extent they apply to a dry spent fuel storage cask 
system.  NUMARC Document 93-03, “Writer’s Guide for the Restructured Technical 
Specifications” [13.3.1] was used as a guide in the development of the Technical Specifications 
and Bases. 
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13.4 REGULATORY EVALUATION 
 
Table 13.1.2 lists the Technical Specifications for the HI-STORM UMAX system.  The 
Technical Specifications are detailed in Appendix A to the Certificate of Compliance. 
Authorized Contents (i.e., fuel specifications) and Design Features are provided in Appendix B 
to the CoC. 
 
The conditions for use of the HI-STORM UMAX system identify necessary Technical 
Specifications, limits on authorized contents (i.e., fuel), and design features to satisfy 10 CFR 
Part 72, and the applicable acceptance criteria have been satisfied.  Compliance with these 
Technical Specifications and other conditions of the Certificate of Compliance provides 
reasonable assurance that the HI-STORM UMAX system will provide safe storage of spent fuel 
and is in compliance with 10 CFR Part 72, the regulatory guides, applicable codes and standards, 
and accepted practices. 
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B 3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY 
BASES  
LCOs LCO 3.0.1, 3.0.2, 3.0.4, and 3.0.5 establish the general requirements 

applicable to all Specifications and apply at all times, unless otherwise 
stated. 

LCO 3.0.1 LCO 3.0.1 establishes the Applicability statement within each individual 
Specification as the requirement for when the LCO is required to be met 
(i.e., when the facility is in the specified conditions of the Applicability 
statement of each Specification). 

LCO 3.0.2 LCO 3.0.2 establishes that upon discovery of a failure to meet an LCO, 
the associated ACTIONS shall be met.  The Completion Time of each 
Required Action for an ACTIONS Condition is applicable from the point in 
time that an ACTIONS Condition is entered.  The Required Actions 
establish those remedial measures that must be taken within specified 
Completion Times when the requirements of an LCO are not met.  This 
Specification establishes that: 
 
a. Completion of the Required Actions within the specified 

Completion Times constitutes compliance with a Specification; and 
 
b. Completion of the Required Actions is not required when an LCO 

is met within the specified Completion Time, unless otherwise 
specified. 

 
There are two basic types of Required Actions.  The first type of Required 
Action specifies a time limit in which the LCO must be met.  This time 
limit is the Completion Time to restore a system or component or to 
restore variables to within specified limits. Whether stated as a Required 
Action or not, correction of the entered Condition is an action that may 
always be considered upon entering ACTIONS.  The second type of 
Required Action specifies the remedial measures that permit continued 
operation that is not further restricted by the Completion Time. In this 
case, compliance with the Required Actions provides an acceptable level 
of safety for continued operation. 
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BASES  
LCO 3.0.2 
(continued) 

Completing the Required Actions is not required when an LCO is met or 
is no longer applicable, unless otherwise stated in the individual 
Specifications. 
 
The Completion Times of the Required Actions are also applicable when 
a system or component is removed from service intentionally.  The 
reasons for intentionally relying on the ACTIONS include, but are not 
limited to, performance of Surveillances, preventive maintenance, 
corrective maintenance, or investigation of operational problems.  
Entering ACTIONS for these reasons must be done in a manner that 
does not compromise safety.  Intentional entry into ACTIONS should not 
be made for operational convenience. 

LCO 3.0.3 This specification is not applicable to a dry storage cask system because 
it describes conditions under which a power reactor must be shut down 
when an LCO is not met and an associated ACTION is not met or 
provided.  The placeholder is retained for consistency with the power 
reactor technical specifications. 

LCO 3.0.4 LCO 3.0.4 establishes limitations on changes in specified conditions in 
the Applicability when an LCO is not met.  It precludes placing the HI-
STORM UMAX System in a specified condition stated in that Applicability 
(e.g., Applicability desired to be entered) when the following exist:  
 
a. Facility conditions are such that the requirements of the LCO 

would not be met in the Applicability desired to be entered; and 
 
b. Continued noncompliance with the LCO requirements, if the 

Applicability were entered, would result in being required to exit 
the Applicability desired to be entered to comply with the Required 
Actions. 

 
Compliance with Required Actions that permit continuing with dry fuel 
storage activities for an unlimited period of time in a specified condition 
provides an acceptable level of safety for continued operation.  This is 
without regard to the status of the dry storage system. Therefore, in such 
cases, entry into a specified condition in the Applicability may be made in 
accordance with the provisions of the Required Actions.  The provisions 
of this Specification should not be interpreted as endorsing the failure to 
exercise the good practice of restoring systems or components before 
entering an associated specified condition in the Applicability. 

 (continued) 
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BASES  
LCO 3.0.4 
(continued) 

The provisions of LCO 3.0.4 shall not prevent changes in specified 
conditions in the Applicability that are required to comply with ACTIONS. 
In addition, the provisions of LCO 3.0.4 shall not prevent changes in 
specified conditions in the Applicability that are related to the unloading of 
an SFSC. 
 
Exceptions to LCO 3.0.4 are stated in the individual Specifications.  
Exceptions may apply to all the ACTIONS or to a specific Required 
Action of a Specification. 

LCO 3.0.5 LCO 3.0.5 establishes the allowance for restoring equipment to service 
under administrative controls when it has been removed from service or 
determined to not meet the LCO to comply with the ACTIONS.  The sole 
purpose of this Specification is to provide an exception to LCO 3.0.2 
(e.g., to not comply with the applicable Required Action(s)) to allow the 
performance of testing to demonstrate: 
 

a. The equipment being returned to service meets the LCO; or 
 

b. Other equipment meets the applicable LCOs. 
 
The administrative controls ensure the time the equipment is returned to 
service in conflict with the requirements of the ACTIONS is limited to the 
time absolutely necessary to perform the allowed testing.  This 
Specification does not provide time to perform any other preventive or 
corrective maintenance. 
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B 3.0 SURVEILLANCE REQUIREMENT (SR) APPLICABILITY 
BASES  
SRs SR 3.0.1 through SR 3.0.4 establish the general requirements applicable 

to all Specifications and apply at all times, unless otherwise stated. 
SR 3.0.1 SR 3.0.1 establishes the requirement that SRs must be met during the 

specified conditions in the Applicability for which the requirements of the 
LCO apply, unless otherwise specified in the individual SRs.  This 
Specification is to ensure that Surveillances are performed to verify that 
systems and components meet the LCO and variables are within 
specified limits.  Failure to meet a Surveillance within the specified 
Frequency, in accordance with SR 3.0.2, constitutes a failure to meet an 
LCO. 
 
Systems and components are assumed to meet the LCO when the 
associated SRs have been met.  Nothing in this Specification, however, 
is to be construed as implying that systems or components meet the 
associated LCO when: 
 
a. The systems or components are known to not meet the LCO, 

although still meeting the SRs; or 
 
b. The requirements of the Surveillance(s) are known to be not met 

between required Surveillance performances. 
 
Surveillances do not have to be performed when the HI-STORM UMAX 
System is in a specified condition for which the requirements of the 
associated LCO are not applicable, unless otherwise specified.  
 
Surveillances, including Surveillances invoked by Required Actions, do 
not have to be performed on equipment that has been determined to not 
meet the LCO because the ACTIONS define the remedial measures that 
apply.  Surveillances have to be met and performed in accordance with 
SR 3.0.2, prior to returning equipment to service.  Upon completion of 
maintenance, appropriate post-maintenance testing is required.  This 
includes ensuring applicable Surveillances are not failed and their most 
recent performance is in accordance with SR 3.0.2.  Post maintenance 
testing may not be possible in the current specified conditions in the 
Applicability due to the necessary dry storage cask system parameters 
not having been established.  In these situations, the equipment may be 
considered to meet the LCO provided testing has been satisfactorily 
completed to the extent possible and the equipment is not otherwise 
believed to be incapable of performing its function.  This will allow dry fuel 
storage activities to proceed to a specified condition where other 
necessary post maintenance tests can be completed. 

 (continued) 
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BASES  
SR 3.0.2 SR 3.0.2 establishes the requirements for meeting the specified 

Frequency for Surveillances and any Required Action with a Completion 
Time that requires the periodic performance of the Required Action on a 
"once per..." interval.  
 
SR 3.0.2 permits a 25% extension of the interval specified in the 
Frequency.  This extension facilitates Surveillance scheduling and 
considers facility conditions that may not be suitable for conducting the 
Surveillance (e.g., transient conditions or other ongoing Surveillance or 
maintenance activities). 
 
The 25% extension does not significantly degrade the reliability that 
results from performing the Surveillance at its specified Frequency.  This 
is based on the recognition that the most probable result of any particular 
Surveillance being performed is the verification of conformance with the 
SRs.  The exceptions to SR 3.0.2 are those Surveillances for which the 
25% extension of the interval specified in the Frequency does not apply.  
These exceptions are stated in the individual Specifications as a Note in 
the Frequency stating, "SR 3.0.2 is not applicable." 
 
As stated in SR 3.0.2, the 25% extension also does not apply to the initial 
portion of a periodic Completion Time that requires performance on a 
"once per..." basis.  The 25% extension applies to each performance 
after the initial performance.  The initial performance of the Required 
Action, whether it is a particular Surveillance or some other remedial 
action, is considered a single action with a single Completion Time.  One 
reason for not allowing the 25% extension to this Completion Time is that 
such an action usually verifies that no loss of function has occurred by 
checking the status of redundant or diverse components or accomplishes 
the function of the affected equipment in an alternative manner. 
The provisions of SR 3.0.2 are not intended to be used repeatedly merely 
as an operational convenience to extend Surveillance intervals or 
periodic Completion Time intervals beyond those specified. 
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BASES  
SR 3.0.3 SR 3.0.3 establishes the flexibility to defer declaring affected equipment 

as not meeting the LCO or an affected variable outside the specified 
limits when a Surveillance has not been completed within the specified 
Frequency.  A delay period of up to 24 hours or up to the limit of the 
specified Frequency, whichever is less, applies from the point in time that 
it is discovered that the Surveillance has not been performed in 
accordance with SR 3.0.2, and not at the time that the specified 
Frequency was not met. 
 
This delay period provides adequate time to complete Surveillances that 
have been missed.  This delay period permits the completion of a 
Surveillance before complying with Required Actions or other remedial 
measures that might preclude completion of the Surveillance. 
 
The basis for this delay period includes consideration of HI-STORM 
UMAX System conditions, adequate planning, availability of personnel, 
the time required to perform the Surveillance, the safety significance of 
the delay in completing the required Surveillance, and the recognition 
that the most probable result of any particular Surveillance being 
performed is the verification of conformance with the requirements.  
When a Surveillance with a Frequency based not on time intervals, but 
upon specified facility conditions, is discovered not to have been 
performed when specified, SR 3.0.3 allows the full delay period of 24 
hours to perform the Surveillance. 
 
SR 3.0.3 also provides a time limit for completion of Surveillances that 
become applicable as a consequence of changes in the specified 
conditions in the Applicability imposed by the Required Actions.  
 
Failure to comply with specified Frequencies for SRs is expected to be an 
infrequent occurrence.  Use of the delay period established by SR 3.0.3 
is a flexibility which is not intended to be used as an operational 
convenience to extend Surveillance intervals. 
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BASES  
SR 3.0.3 
(continued) 

If a Surveillance is not completed within the allowed delay period, then 
the equipment is considered to not meet the LCO or the variable is 
considered outside the specified limits and the Completion Times of the 
Required Actions for the applicable LCO Conditions begin immediately 
upon expiration of the delay period.  If a Surveillance is failed within the 
delay period, then the equipment does not meet the LCO, or the variable 
is outside the specified limits and the Completion Times of the Required 
Actions for the applicable LCO Conditions begin immediately upon the 
failure of the Surveillance. 
 
Completion of the Surveillance within the delay period allowed by this 
Specification, or within the Completion Time of the ACTIONS, restores 
compliance with SR 3.0.1. 

SR 3.0.4 SR 3.0.4 establishes the requirement that all applicable SRs must be met 
before entry into a specified condition in the Applicability. 
 
This Specification ensures that system and component requirements and 
variable limits are met before entry into specified conditions in the 
Applicability for which these systems and components ensure safe 
conduct of dry fuel storage activities. 
 
The provisions of this Specification should not be interpreted as 
endorsing the failure to exercise the good practice of restoring systems or 
components before entering an associated specified condition in the 
Applicability. 
 
However, in certain circumstances, failing to meet an SR will not result in 
SR 3.0.4 restricting a change in specified condition.  When a system, 
subsystem, division, component, device, or variable is outside its 
specified limits, the associated SR(s) are not required to be performed 
per SR 3.0.1, which states that Surveillances do not have to be 
performed on equipment that has been determined to not meet the LCO.  
When equipment does not meet the LCO, SR 3.0.4 does not apply to the 
associated SR(s) since the requirement for the SR(s) to be performed is 
removed.  Therefore, failing to perform the Surveillance(s) within the 
specified Frequency does not result in an SR 3.0.4 restriction to changing 
specified conditions of the Applicability.  However, since the LCO is not 
met in this instance, LCO 3.0.4 will govern any restrictions that may (or 
may not) apply to specified condition changes.  

 (continued) 
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BASES  
SR 3.0.4 
(continued) 

The provisions of SR 3.0.4 shall not prevent changes in specified 
conditions in the Applicability that are required to comply with ACTIONS.  
In addition, the provisions of LCO 3.0.4 shall not prevent changes in 
specified conditions in the Applicability that are related to the unloading of 
an SFSC. 
 
The precise requirements for performance of SRs are specified such that 
exceptions to SR 3.0.4 are not necessary.  The specific time frames and 
conditions necessary for meeting the SRs are specified in the Frequency, 
in the Surveillance, or both.  This allows performance of Surveillances 
when the prerequisite condition(s) specified in a Surveillance procedure 
require entry into the specified condition in the Applicability of the 
associated LCO prior to the performance or completion of a Surveillance.  
A Surveillance that could not be performed until after entering the LCO 
Applicability would have its Frequency specified such that it is not "due" 
until the specific conditions needed are met.  Alternately, the Surveillance 
may be stated in the form of a Note as not required (to be met or 
performed) until a particular event, condition, or time has been reached.  
Further discussion of the specific formats of SRs' annotation is found in 
Section 1.4, Frequency. 
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B 3.1 SFSC Integrity 
 
B 3.1.1 Multi-Purpose Canister (MPC) 
 
BASES  
BACKGROUND A TRANSFER CASK with an empty MPC is placed in the spent 

fuel pool and loaded with fuel assemblies meeting the 
requirements of the CoC. A lid is then placed on the MPC. The 
TRANSFER CASK and MPC are raised to the top of the spent fuel 
pool surface. The TRANSFER CASK and MPC are then moved 
into the preparation area where the MPC lid is welded to the MPC 
shell and the welds are inspected and tested. The water is drained 
from the MPC cavity and drying is performed. The MPC cavity is 
backfilled with helium. Then, the MPC vent and drain port cover 
plates and closure ring are installed and welded. Inspections are 
performed on the welds.  
 
MPC cavity moisture removal using vacuum drying or forced 
helium dehydration is performed to remove residual moisture from 
the MPC cavity space after the MPC has been drained of water. If 
vacuum drying is used, any water that has not drained from the 
fuel cavity evaporates from the fuel cavity due to the vacuum. This 
is aided by the temperature increase due to the decay heat of the 
fuel. 
 
If forced helium dehydration is used, the dry gas introduced to the 
MPC cavity through the vent or drain port absorbs the residual 
moisture in the MPC. This humidified gas exits the MPC via the 
other port and the absorbed water is removed through 
condensation and/or mechanical drying. The dried helium is then 
forced back to the MPC until the temperature acceptance limit is 
met. 
 
After the completion of drying, the MPC cavity is backfilled with 
helium meeting the requirements of the CoC. 
 
Backfilling of the MPC fuel cavity with helium promotes gaseous 
heat dissipation and the inert atmosphere protects the fuel 
cladding. Backfilling the MPC with helium in the required quantity 
eliminates air in-leakage over the life of the MPC because the 
cavity pressure rises due to heat up of the confined gas by the fuel 
decay heat during storage. 
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BASES  
APPLICABLE 
SAFETY 
ANALYSIS 

The confinement of radioactivity during the storage of spent fuel in 
the MPC is ensured by the confinement boundary of the MPC in 
which the fuel assemblies are stored. Long-term integrity of the 
fuel and cladding depend on storage in an inert atmosphere. This 
is accomplished by removing water from the MPC and backfilling 
the cavity with an inert gas. The thermal analyses of the MPC 
assume that the MPC cavity is filled with dry helium of a minimum 
quantity to ensure the assumptions used for convection heat 
transfer are preserved. Keeping the backfill pressure below the 
maximum value preserves the initial condition assumptions made 
in the MPC over-pressurization evaluation. 

LCO A dry, helium filled, and sealed MPC establishes an inert heat 
removal environment necessary to ensure the integrity of the fuel 
cladding. Moreover, it also ensures that there will be no air in-
leakage into the MPC cavity that could damage the fuel cladding 
over the storage period. 

APPLICABILITY The dry, sealed, and inert atmosphere is required to be in place 
prior to TRANSPORT OPERATIONS to ensure both the 
confinement and heat removal mechanisms are in place during 
these operating periods. These conditions are not required during 
LOADING OPERATIONS or UNLOADING OPERATIONS as 
these conditions are being established or removed, respectively, 
during these periods in support of other activities being performed 
with the stored fuel. 
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BASES  
ACTIONS A note has been added to the ACTIONS which states that, for this 

LCO, separate Condition entry is allowed for each MPC. This is 
acceptable since the Required Actions for each Condition provide 
appropriate compensatory measures for each MPC not meeting 
the LCO. Subsequent MPCs that do not meet the LCO are 
governed by subsequent Condition entry and application of 
associated Required Actions.  
 
A.1 
If the cavity vacuum drying pressure or demoisturizer exit gas 
temperature limit has been determined not to be met prior to 
TRANSPORT OPERATIONS, an engineering evaluation is 
necessary to determine the potential quantity of moisture left 
within the MPC cavity. Since moisture remaining in the cavity 
during these modes of operation represent a long-term 
degradation concern, immediate action is not necessary. The 
Completion Time is sufficient to complete the engineering 
evaluation commensurate with the safety significance of the 
CONDITION.  
 
A.2 
Once the quantity of moisture potentially left in the MPC cavity is 
determined, a corrective action plan shall be developed and 
actions initiated to the extent necessary to return the MPC to an 
analyzed condition. Since the quantity of moisture estimated under 
Required Action A.1 can range over a broad scale, different 
recovery strategies may be necessary. Since moisture remaining 
in the cavity during these modes of operation represent a long-
term degradation concern, immediate action is not necessary. The 
Completion Time is sufficient to develop and initiate the corrective 
actions commensurate with the safety significance of the 
CONDITION. 

 (continued) 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001687

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 47 of 295
(1721 of 2110)



 Multi-Purpose Canister 
 B 3.1.1 

 HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

13-A-14 

BASES  
ACTIONS 
(continued) 

B.1 
If the helium backfill quantity limit has been determined not to be 
met prior to TRANSPORT OPERATIONS, an engineering 
evaluation is necessary to determine the quantity of helium within 
the MPC cavity. Since too much or too little helium in the MPC 
during these modes represents a potential overpressure or heat 
removal degradation concern, an engineering evaluation shall be 
performed in a timely manner. The Completion Time is sufficient to 
complete the engineering evaluation commensurate with the 
safety significance of the CONDITION. 
 
B.2 
Once the quantity of helium in the MPC cavity is determined, a 
corrective action plan shall be developed and initiated to the extent 
necessary to return the MPC to an analyzed condition either by 
adding or removing helium or by demonstrating through analysis 
that all system limits will continue to be met. Since the quantity of 
helium estimated under Required Action B.1 can range over a 
broad scale, different recovery strategies may be necessary. Since 
elevated or reduced helium quantities existing in the MPC cavity 
represent a potential overpressure or heat removal degradation 
concern, corrective actions should be developed and implemented 
in a timely manner. The Completion Time is sufficient to develop 
and initiate the corrective actions commensurate with the safety 
significance of the CONDITION. 
 
C.1 
If the helium leak rate limit has been determined not to be met 
prior to TRANSPORT OPERATIONS, an engineering evaluation is 
necessary to determine the impact of increased helium leak rate 
on heat removal and off-site dose. Since the HI-STORM UMAX 
VVM is a ventilated system, any leakage from the MPC is 
transported directly to the environment. Since an increased helium 
leak rate represents a potential challenge to MPC heat removal 
and the off-site doses, reasonably rapid action is warranted. The 
Completion Time is sufficient to complete the engineering 
evaluation commensurate with the safety significance of the 
CONDITION. 
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BASES  
ACTIONS 
(continued) 

C.2 
Once the consequences of the elevated leak rate from the MPC 
are determined, a corrective action plan shall be developed and 
initiated to the extent necessary to return the MPC to an analyzed 
condition. Since the recovery mechanisms can range over a broad 
scale based on the evaluation performed under Required Action 
C.1, different recovery strategies may be necessary. Since an 
elevated helium leak rate represents a challenge to heat removal 
rates and offsite doses, reasonably rapid action is required. The 
Completion Time is sufficient to develop and initiate the corrective 
actions commensurate with the safety significance of the 
CONDITION. 
 
D.1 
If the MPC fuel cavity cannot be successfully returned to a safe, 
analyzed condition, the fuel must be placed in a safe condition in 
the spent fuel pool. The Completion Time is reasonable based on 
the time required to re-flood the MPC, cut the MPC lid welds, 
move the TRANSFER CASK into the spent fuel pool, remove the 
MPC lid, and remove the spent fuel assemblies in an orderly 
manner and without challenging personnel. 

SURVEILLANCE 
REQUIREMENTS 

SR 3.1.1.1 , SR 3.1.1.2, and SR 3.1.1.3 
 
The long-term integrity of the stored fuel is dependent on storage 
in a dry, inert environment. Under certain conditions, cavity 
dryness may be demonstrated either by evacuating the cavity to a 
very low absolute pressure and verifying that the pressure is held 
over a specified period of time or by recirculating dry helium 
through the MPC cavity to absorb moisture until the gas 
temperature or dew point at the specified location reaches and 
remains below the acceptance limit for the specified time period. A 
low vacuum pressure or a demoisturizer exit temperature meeting 
the acceptance limit is an indication that the cavity is dry. Other 
conditions require the forced helium dehydration method of 
moisture removal to be used to provide necessary cooling of the 
fuel during drying operations.  
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BASES  
SURVEILLANCE 
REQUIREMENTS 
(continued) 

Cooling provided by normal operation of the forced helium 
dehydration system ensures that the fuel cladding temperature 
remains below the applicable limits since forced recirculation of 
helium provides more effective heat transfer than that which 
occurs during normal storage operations. 
  
The conditions and requirements for drying the MPC cavity based 
on the burnup class of the fuel (moderate or high), heat load, and 
the applicable short-term temperature limit are given in the 
CoC/TS Appendix A, Table 3-1. The temperature limits and 
associated cladding hoop stress calculation requirements are 
consistent with the guidance in NRC Interim Staff Guidance (ISG) 
Document 11. 
 
Having the proper quantity of helium in the MPC ensures 
adequate heat transfer from the fuel to the fuel basket and 
surrounding structure of the MPC and precludes any overpressure 
event from challenging the normal, off-normal, or accident design 
pressure of the MPC.  
 
Meeting the helium leak rate limit prior to TRANSPORT 
OPERATIONS ensures there is adequate helium in the MPC for 
long term storage and that there is no credible effluent dose from 
the MPC. 
 
All of these surveillances must be successfully performed once, 
prior to TRANSPORT OPERATIONS to ensure that the conditions 
are established for SFSC storage which preserve the analysis 
basis supporting the MPC design. 

REFERENCES 1. FSAR Chapters 1, 4, 7 and 9 of the HI-STORM UMAX and                                       
HI-STORM FW FSARs 

2. Interim Staff Guidance Document 11, Rev. 3 
3. Interim Staff Guidance Document 18, Rev. 1 
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B 3.1 SFSC Integrity 
 
B 3.1.2 SFSC Heat Removal System 
 
BASES  
BACKGROUND The SFSC Heat Removal System is a passive, air-cooled, 

convective heat transfer system that ensures heat from the MPC 
canister is transferred to the environs by the chimney effect.  Air is 
drawn into the inlet ducts and travels down the space between the 
Cavity Enclosure Container (CEC) and the Divider Shell, through 
the cut-outs at the bottom of the Divider Shell, up the space 
between the Divider Shell and the MPC, and out through the outlet 
duct.  The MPC transfers its heat from its surface to the air via 
natural convection.  The buoyancy created by the heating of the 
air creates a chimney effect. 
 

APPLICABLE 
SAFETY 
ANALYSIS 

The thermal analyses of the SFSC take credit for the decay heat 
from the spent fuel assemblies being ultimately transferred to the 
ambient environment surrounding the VVM.  Transfer of heat away 
from the fuel assemblies ensures that the fuel cladding and other 
SFSC component temperatures do not exceed applicable limits.  
Under normal storage conditions, the inlet and outlet duct screens 
are unobstructed and full air flow occurs. 
 
Analyses have been performed for half and complete obstruction 
of the inlet duct screens.  Blockage of half of the inlet ducts 
reduces air flow through the VVM and decreases heat transfer 
from the MPC.  Under this off-normal condition, no SFSC 
components exceed the short term temperature limits.  
 
The complete blockage of all inlet air ducts stops normal air 
cooling of the MPC.  The MPC will continue to radiate heat to the 
relatively cooler subgrade.  With the loss of normal air cooling, the 
SFSC component temperatures will increase toward their 
respective short-term temperature limits.  None of the components 
reach their temperature limits over the duration of the analyzed 
event. 
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BASES  
LCO The SFSC Heat Removal System must be verified to be operable 

to preserve the assumptions of the thermal analyses.  Operability 
is defined as 50% or more of the inlet vent duct areas are 
unblocked and available for flow. Operability of the heat removal 
system ensures that the decay heat generated by the stored fuel 
assemblies is transferred to the environs at a sufficient rate to 
maintain fuel cladding and other SFSC component temperatures 
within design limits.  
 
The intent of this LCO is to address those occurrences of air duct 
screen blockage that can be reasonably anticipated to occur from 
time to time at the ISFSI (i.e., Design Event I and II class events 
per ANSI/ANS-57.9).  These events are of the type where 
corrective actions can usually be accomplished within one 8-hour 
operating shift to restore the heat removal system to operable 
status (e.g., removal of loose debris). 
 
This LCO is not intended to address low frequency, unexpected 
Design Event III and IV class events (ANSI/ANS-57.9) such as 
design basis accidents and extreme environmental phenomena 
that could potentially block one or more of the air ducts for an 
extended period of time (i.e., longer than the total Completion 
Time of the LCO).  This class of events is addressed site-
specifically as required by Section 3.4.11 of Appendix B to the 
CoC. 
 

APPLICABILITY The LCO is applicable during STORAGE OPERATIONS.  Once a 
VVM containing an MPC loaded with spent fuel has been placed in 
storage, the heat removal system must be operable to ensure 
adequate dissipation of the decay heat from the fuel assemblies. 

ACTIONS A note has been added to the ACTIONS which states that, for this 
LCO, separate Condition entry is allowed for each SFSC.  This is 
acceptable since the Required Actions for each Condition provide 
appropriate compensatory measures for each SFSC not meeting 
the LCO.  Subsequent SFSCs that don't meet the LCO are 
governed by subsequent Condition entry and application of 
associated Required Actions. 
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BASES  
ACTIONS 
(continued) 

A.1 
Although the heat removal system remains operable, the blockage 
should be cleared expeditiously. 
 
B.1 
If the heat removal system has been determined to be inoperable, 
it must be restored to operable status within eight hours.  Eight 
hours is a reasonable period of time to take action to remove the 
obstructions in the air flow path. 
 
C.1 
If the heat removal system cannot be restored to operable status 
within eight hours, the VVM and the fuel may experience elevated 
temperatures. Therefore, dose rates are required to be measured to 
verify the effectiveness of the radiation shielding provided by the 
concrete.  This Action must be performed immediately and 
repeated every twelve hours thereafter to provide timely and 
continued evaluation of the effectiveness of the concrete shielding.  
As necessary, the system user shall provide additional radiation 
protection measures such as temporary shielding.  The 
Completion Time is reasonable considering the expected slow rate 
of deterioration, if any, of the concrete under elevated 
temperatures. 
 
C.2.1  
In addition to Required Action C.1, efforts must continue to restore 
cooling to the SFSC.  Efforts must continue to restore the heat 
removal system to operable status by removing the air flow 
obstruction(s) unless optional Required Action C.2.2 is being 
implemented. 
 
This Required Action must be complete in 24 hours.  The 
Completion Time is consistent with the thermal analyses of this 
event, which show that all component temperatures remain below 
their short-term temperature limits up to 32 hours after event 
initiation. 
 

 (continued) 
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BASES  
ACTIONS 
(continued) 

C.2.1 (continued) 
The Completion Time reflects the 8 hours to complete Required 
Action B.1 and the appropriate balance of time consistent with the 
applicable analysis results. The event is assumed to begin at the 
time the SFSC heat removal system is declared inoperable.  This 
is reasonable considering the low probability of all inlet ducts 
becoming simultaneously blocked.   
 
C.2.2 
In lieu of implementing Required Action C.2.1, transfer of the MPC 
into a TRANSFER CASK will place the MPC in an analyzed 
condition and ensure adequate fuel cooling until actions to correct 
the heat removal system inoperability can be completed.  Transfer 
of the MPC into a TRANSFER CASK removes the SFSC from the 
LCO Applicability since STORAGE OPERATIONS does not 
include times when the MPC resides in the TRANSFER CASK.  
 
An engineering evaluation must be performed to determine if any 
deterioration which prevents  the VVM from performing its design 
function. If the evaluation is successful and the air  inlet duct 
screens have been cleared, the VVM heat removal system may be 
considered operable and the MPC transferred back into the VVM.  
Compliance with LCO 3.1.2 is then restored.   If the evaluation is 
unsuccessful, the user must transfer the MPC into a different, fully 
qualified VVM to resume STORAGE OPERATIONS and restore 
compliance with LCO 3.1.2  
 
In lieu of performing the engineering evaluation, the user may opt 
to proceed directly to transferring the MPC into a different, fully 
qualified VVM  or place the TRANSFER CASK in the spent fuel 
pool and unload the MPC. 
 
The Completion Time of 24 hours reflects the Completion Time 
from Required Action C.2.1 to ensure component temperatures 
remain below their short-term temperature limits for the respective 
decay heat loads. 
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BASES  
SURVEILLANCE 
REQUIREMENTS 

SR  3.1.2 
 
The long-term integrity of the stored fuel is dependent on the 
ability of the SFSC to reject heat from the MPC to the 
environment.   There are two options for implementing SR 3.1.2, 
either of which is acceptable for demonstrating that the heat 
removal system is OPERABLE. 
 
Visual observation that all air inlet duct screens are unobstructed 
ensures that the SFSC is operable.  If greater than 50% of the air 
inlet duct screens are blocked the heat removal system is 
inoperable and this LCO is not met.  While 50% or less blockage 
of the total air inlet duct screen area does not constitute 
inoperability of the heat removal system, corrective actions should 
be taken promptly to remove the obstruction and restore full flow. 
 
Visual observation of air outlet duct screen blockage does not 
constitute inoperability of the heat removal system; however, 
corrective action should be taken to promptly remove the 
obstruction. 
 
As an alternative, for VVMs with air temperature monitoring 
instrumentation installed in the air outlets, the temperature 
difference between the outlet air and the ambient air may be 
monitored to verify operability of the heat removal system.  
Blocked air inlet duct screens will reduce air flow and increase the 
outlet duct air temperature. Based on the analyses, if the 
temperature difference between the ambient air and the outlet duct 
air meets the criteria in the LCO, adequate air flow is occurring to 
provide assurance of long term fuel cladding integrity.  The 
reference ambient temperature used to perform this Surveillance 
shall be measured at the ISFSI facility. 
 
The Frequency of 24 hours is reasonable based on the time 
necessary for SFSC components to heat up to unacceptable 
temperatures assuming design basis heat loads, and allowing for 
corrective actions to take place upon discovery of blockage of air 
ducts. 

REFERENCES 1. FSAR Chapter 4  
2. ANSI/ANS 57.9-1992 
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B 3.1 SFSC INTEGRITY 
 
B 3.1.3 MPC Cavity Reflooding 
 
BASES  
BACKGROUND In the event that an MPC must be unloaded, the TRANSFER 

CASK with its enclosed MPC is returned to the preparation 
area to begin the process of fuel unloading. The MPC closure 
ring, and vent and drain port cover plates are removed. The 
MPC gas is sampled to determine the integrity of the spent fuel 
cladding. The pressure in the MPC cavity is ensured to be less 
than the 100 psig design pressure. This is accomplished via 
direct measurement of the MPC gas pressure or via analysis. 
 
After ensuring the MPC cavity pressure meets the LCO limit, 
the MPC is then reflooded with water at a controlled rate and/or 
the pressure monitored to ensure that the pressure remains 
below 100 psig. Once the cavity is filled with water, the MPC lid 
weld is removed leaving the MPC lid in place. The TRANSFER 
CASK and MPC are placed in the spent fuel pool and the MPC 
lid is removed. The fuel assemblies are removed from the MPC 
and the MPC and TRANSFER CASK are removed from the 
spent fuel pool and decontaminated. 
 
Ensuring that the MPC cavity pressure is less than the LCO 
limit ensures that any steam produced within the cavity is 
safely vented to an appropriate location and eliminates the risk 
of high MPC pressure due to sudden generation of large steam 
quantities during re-flooding. 

APPLICABLE 
SAFETY ANALYSIS 

The confinement of radioactivity during the storage of spent 
fuel in the MPC is ensured by the MPC in which the fuel 
assemblies are stored. Standard practice in the dry storage 
industry has historically been to directly reflood the storage 
canister with water. This standard practice is known not to 
induce fuel cladding failures. 
 
The integrity of the MPC depends on maintaining the internal 
cavity pressures within design limits. This is accomplished by 
introducing water to the cavity in a controlled manner such that 
there is no sudden formation of large quantities of steam during 
MPC reflooding. (Ref. 1). 
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BASES  
LCO Determining the MPC cavity pressure prior to and during re-

flooding ensures that there will be sufficient venting of any 
steam produced to avoid excessive MPC pressurization. 

APPLICABILITY The MPC cavity pressure is controlled during UNLOADING 
OPERATIONS after the TRANSFER CASK and integral MPC 
are back in the FUEL BUILDING and are no longer suspended 
from, or secured in, the transporter. Therefore, the MPC 
Reflood LCO does not apply during TRANSPORT 
OPERATIONS and STORAGE OPERATIONS. 
 
A note has been added to the APPLICABILITY for LCO 3.1.3 
which states that the LCO is only applicable during wet 
UNLOADING OPERATIONS. This is acceptable since the 
intent of the LCO is to avoid uncontrolled MPC pressurization 
due to water flashing during re-flooding operations. This is not 
a concerning for dry UNLOADING OPERATIONS. 

ACTIONS A note has been added to the ACTIONS which states that, for 
this LCO, separate Condition entry is allowed for each MPC. 
This is acceptable since the Required Actions for each 
Condition provide appropriate compensatory measures for 
each MPC not meeting the LCO. Subsequent MPCs that do not 
meet the LCO are governed by subsequent Condition entry 
and application of associated Required Actions. 
A 
If the MPC cavity pressure limit is not met, actions must be 
taken to restore the parameters to within the limits before 
initiating or continuing re-flooding the MPC.  
 
Immediately is an appropriate Completion Time because it 
requires action to be initiated promptly and completed without 
delay, but does not establish any particular fixed time limit for 
completing the action. This offers the flexibility necessary for 
users to plan and implement any necessary work activities 
commensurate with the safety significance of the condition, 
which is governed by the MPC heat load. 
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BASES  
SURVEILLANCE 
REQUIREMENTS 

SR 3.1.3.1 
 
The integrity of the MPC is dependent on controlling the 
internal MPC pressure. By controlling the MPC internal 
pressure prior to and during re-flooding the MPC, sufficient 
steam venting capacity exists during MPC re-flooding. 
 
The LCO must be met on each SFSC before the initiation of 
MPC re-flooding operations to ensure the design and analysis 
basis are preserved. 

REFERENCES 1. FSAR Chapters 3, 4, 9 and 12 of HI-STORM FW FSAR 
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B 3.2 SFSC Radiation Protection 
 
B 3.2.1 TRANSFER CASK Surface Contamination 
BASES  
BACKGROUND A TRANSFER CASK is immersed in the spent fuel pool in order 

to load the spent fuel assemblies.  As a result, the surface of 
the TRANSFER CASK may become contaminated with the 
radioactive material from the spent fuel pool water.  This 
contamination is removed prior to moving the TRANSFER 
CASK to the ISFSI, in order to minimize the radioactive 
contamination to personnel or the environment.  This allows dry 
fuel storage activities to proceed without additional radiological 
controls to prevent the spread of contamination and reduces 
personnel dose due to the spread of loose contamination or 
airborne contamination.  This is consistent with ALARA 
practices. 

APPLICABLE 
SAFETY 
ANALYSIS 

The radiation protection measures, implemented during MPC 
transfer and transportation using the TRANSFER CASK, are 
based on the assumption that the exterior surfaces of the 
TRANSFER CASK have been decontaminated.  Failure to 
decontaminate the surfaces of the TRANSFER CASK could 
lead to higher-than-projected occupational doses. 

LCO Removable surface contamination on the TRANSFER CASK 
exterior surfaces and accessible surfaces of the MPC is limited 
to 1000 dpm/100 cm2 from beta and gamma sources and 20 
dpm/100 cm2 from alpha sources.  These limits are taken from 
the guidance in IE Circular 81-07 (Ref. 2) and are based on the 
minimum level of activity that can be routinely detected under a 
surface contamination control program using direct survey 
methods.  Only loose contamination is controlled, as fixed 
contamination will not result from the TRANSFER CASK 
loading process. 
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BASES  
LCO (continued) Experience has shown that these limits are low enough to 

prevent the spread of contamination to clean areas and are 
significantly less than the levels which would cause significant 
personnel skin dose. LCO 3.2.1 requires removable 
contamination to be within the specified limits for the exterior 
surfaces of the TRANSFER CASK and accessible portions of 
the MPC.  The location and number of surface swipes used to 
determine compliance with this LCO are determined based on 
standard industry practice and the user’s plant-specific 
contamination measurement program for objects of this size.  
Accessible portions of the MPC means the upper portion of the 
MPC external shell wall accessible after the inflatable annulus 
seal is removed and before the annulus shield ring is installed.  
The user shall determine a reasonable number and location of 
swipes for the accessible portion of the MPC.  The objective is 
to determine a removable contamination value representative of 
the entire upper circumference of the MPC, while implementing 
sound ALARA practices. 
 
 

APPLICABILITY  
Verification that the surface contamination is less than the limit 
in the LCO is performed during LOADING OPERATIONS.  This 
occurs before TRANSPORT OPERATIONS, when the LCO is 
applicable. Measurement of surface contamination is 
unnecessary during UNLOADING OPERATIONS as surface 
contamination would have been measured prior to moving the 
subject TRANSFER CASK to the ISFSI. 
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BASES  
ACTIONS A note has been added to the ACTIONS which states that, for 

this LCO, separate Condition entry is allowed for each 
TRANSFER CASK.  This is acceptable since the Required 
Actions for each Condition provide appropriate compensatory 
measures for each TRANSFER CASK not meeting the LCO.  A 
subsequent use of the TRANSFER CASK that does not meet 
the LCO are governed by subsequent Condition entry and 
application of associated Required Actions. 
 
A.1 
 
If the removable surface contamination of a TRANSFER CASK 
or MPC, as applicable, which has been loaded with spent fuel is 
not within the LCO limits, action must be initiated to 
decontaminate the TRANSFER CASK or MPC and bring the 
removable surface contamination to within limits.  The 
Completion Time of 7 days is appropriate given that sufficient 
time is needed to prepare for, and complete the 
decontamination once the LCO is determined not to be met. 

SURVEILLANCE 
REQUIREMENTS 

SR  3.2.1.1 
 
This SR verifies that the removable surface contamination on 
the TRANSFER CASK and/or accessible portions of the MPC is 
less than the limits in the LCO.  The Surveillance is performed 
using smear surveys to detect removable surface 
contamination.  The Frequency requires performing the 
verification during LOADING OPERATIONS in order to confirm 
that the TRANSFER CASK or VVM can be moved to the ISFSI 
without spreading loose contamination. 

REFERENCES 1. HI-STORM FW FSAR Chapter 9 
2. NRC IE Circular 81-07. 
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B 3.3 SFSC Criticality Control 
 
B 3.3.1 Boron Concentration 
 
BASES  
BACKGROUND A TRANSFER CASK with an empty MPC is placed in the spent 

fuel pool and loaded with fuel assemblies meeting the 
requirements of the Certificate of Compliance.  A lid is then 
placed on the MPC.  The TRANSFER CASK and MPC are 
raised to the top of the spent fuel pool surface. The TRANSFER 
CASK and MPC are then moved into the preparation area 
where the MPC lid is welded to the MPC shell and the welds 
are inspected and tested.  The water is drained from the MPC 
cavity and drying is performed. The MPC cavity is backfilled 
with helium.  Then, the MPC vent and drain cover plates and 
MPC closure ring are installed and welded.  Inspections are 
performed on the welds. 
 
For those MPCs containing PWR fuel assemblies credit is taken 
in the criticality analyses for boron in the water within the MPC.  
To preserve the analysis basis, users must verify that the boron 
concentration of the water in the MPC meets specified limits 
when there is fuel and water in the MPC.  This may occur 
during LOADING OPERATIONS and UNLOADING 
OPERATIONS. 

APPLICABLE 
SAFETY 
ANALYSIS 

The spent nuclear fuel stored in the SFSC is required to remain 
subcritical (keff ≤ 0.95) under all conditions of storage. The HI-
STORM UMAX SFSC is analyzed to store a wide variety of 
spent nuclear fuel assembly types with differing initial 
enrichments.  For all PWR fuel loaded in the MPC-37, credit 
was taken in the criticality analyses for neutron poison in the 
form of soluble boron in the water within the MPC.  Compliance 
with this LCO preserves the assumptions made in the criticality 
analyses regarding credit for soluble boron. 
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BASES  
LCO Compliance with this LCO ensures that the stored fuel will 

remain subcritical with a keff ≤ 0.95 while water is in the MPC. 
LCOs 3.3.1.a provides the minimum concentration of soluble 
boron required in the MPC water for the MPC-37.  The amount 
of soluble boron is dependent on the initial enrichment of the 
fuel assemblies to be loaded in the MPC. Fuel assemblies with 
an initial enrichment less than or equal to 4.0 wt. % U-235 
require less soluble boron than those with initial enrichments 
greater than 4.0 wt. % U-235.  For initial enrichments greater 
than 4.0 wt. % U-235 and up to 5.0 wt. % U-225, interpolation is 
permitted to determine the required minimum amount of soluble 
boron. 
 
All fuel assemblies loaded into the MPC-37 are limited by 
analysis to maximum enrichments of 5.0 wt. % U-235. 
 
The LCO also requires that the minimum soluble boron 
concentration for the most limiting fuel assembly array/class 
and classification to be stored in the same MPC be used. This 
means that the highest minimum soluble boron concentration 
limit for all fuel assemblies in the MPC applies in cases where 
fuel assembly array/classes are mixed in the same MPC. This 
ensures the assumptions pertaining to soluble boron used in 
the criticality analyses are preserved. 

APPLICABILITY The boron concentration LCO is applicable whenever an MPC-
37 has at least one PWR fuel assembly in a storage location 
and water in the MPC.  
 
During LOADING OPERATIONS, the LCO is applicable 
immediately upon the loading of the first fuel assembly in the 
MPC.  It remains applicable until the MPC is drained of water. 
 
During UNLOADING OPERATIONS, the LCO is applicable 
when the MPC is reflooded with water.  Note that compliance 
with SR 3.0.4 assures that the water to be used to flood the 
MPC is of the correct boron concentration to ensure the LCO is 
satisfied upon entering the Applicability. 

 (continued) 
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BASES  
ACTIONS A note has been added to the ACTIONS which states that, for 

this LCO, separate Condition entry is allowed for each MPC. 
This is acceptable since the Required Actions for each 
Condition provide appropriate compensatory measures for each 
MPC not meeting the LCO.  Subsequent MPCs that do not 
meet the LCO are governed by subsequent Condition entry and 
application of associated Required Actions. 
 
A.1 and A.2 
 
Continuation of LOADING OPERATIONS, UNLOADING 
OPERATIONS or positive reactivity additions (including actions 
to reduce boron concentration) is contingent upon maintaining 
the SFSC in compliance with the LCO.  If the boron 
concentration of water in the MPC is less than its limit, all 
LOADING OPERATIONS, UNLOADING OPERATIONS or 
positive reactivity additions must be suspended immediately.  
 
A.3 
 
In addition to immediately suspending LOADING 
OPERATIONS, UNLOADING OPERATIONS and positive 
reactivity additions, action to restore the concentration to within 
the limit specified in the LCO must be initiated immediately. One 
means of complying with this action is to initiate boration of the 
affected MPC. In determining the required combination of 
boration flow rate and concentration, there is no unique design 
basis event that must be satisfied; only that boration is initiated 
without delay.  In order to raise the boron concentration as 
quickly as possible, the operator should begin boration with the 
best source available for existing plant conditions. 
 
Once boration is initiated, it must be continued until the boron 
concentration is restored.  The restoration time depends on the 
amount of boron that must be injected to reach the required 
concentration. 

 (continued) 

HI-STORM UMAX SYSTEM FSAR - Non-Proprietary 
Revision 3, June 29, 2016

SCE-SER 001704

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 64 of 295
(1738 of 2110)



 Boron Concentration 
 B 3.3.1 

 HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL 
HI-2115090 Rev. 3 

13-A-31 

BASES  
SURVEILLANCE 
REQUIREMENTS 

SR 3.3.1.1 
 
The boron concentration in the MPC water must be verified to 
be within the applicable limit within four hours prior to entering 
the Applicability of the LCO.  For LOADING OPERATIONS, this 
means within four hours of loading the first fuel assembly into 
the MPC using two independent measurements to ensure the 
requirements of 10 CFR 72.124(a) are met.  These two 
independent measurements will be repeated every 48 hours 
while the MPC is submerged in water or if water is to be added 
to or recirculated through the MPC. 
 
For UNLOADING OPERATIONS, this means verifying the 
boron concentration in the source of borated water to be used 
to reflood the MPC within four hours of commencing reflooding 
operations and every 48 hours after until all the fuel is removed 
from the MPC.  Two independent measurements will be taken 
to ensure the requirements of 10 CFR 72.124(a) are met. This 
ensures that when the LCO is applicable (upon introducing 
water into the MPC), the LCO will be met. 
 
Surveillance Requirement 3.3.1.1 is modified by a note which 
states that SR 3.3.1.1 is only required to be performed if the 
MPC is submerged in water or if water is to be added to, or 
recirculated through the MPC. This reflects the underlying 
premise of this SR which is to ensure, once the correct boron 
concentration is established, it need only be verified thereafter if 
the MPC is in a state where the concentration could be 
changed.  After the completion of the surveillance methods, 
events which might change the soluble boron concentration will 
be administratively controlled per the LCO. If actions are taken 
that could result in a reduction in the boron concentration the 
surveillance will be performed again. 
 
There is no need to re-verify the boron concentration of the 
water in the MPC after it is removed from the spent fuel pool 
unless water is to be added to, or recirculated through the MPC, 
because these are the only credible activities that could 
potentially change the boron concentration during this time.  
This note also prevents the interference of unnecessary 
sampling activities while lid closure welding and other MPC 
storage preparation activities are taking place in an elevated 
radiation area atop the MPC.  Plant procedures should ensure  
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BASES  
SURVEILLANCE 
REQUIREMENTS 

that any water to be added to, or recirculated through the MPC 
is at a boron concentration greater than or equal to the 
minimum boron concentration specified in the LCO. 

REFERENCES 1. HI-STORM FW FSAR Chapter 6. 
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CHAPTER 14†:  QUALITY ASSURANCE PROGRAM 
 
14.0  INTRODUCTION 
 
14.0.1  Overview 
 
This chapter provides a summary of the quality assurance program implemented by Holtec 
International for activities related to the design, qualification analyses, material procurement, 
fabrication, assembly, testing and use of structures, systems, and components of the Company’s 
dry storage/transport systems including the HI-STORM UMAX System which includes the HI-
TRAC transfer cask. This chapter is included in this FSAR to fulfill the requirements in 10 CFR 
72.140 (c) (2) and 72.2(a)(1),(b). 
 
Important-to-safety activities related to construction and deployment of the HI-STORM UMAX 
System are controlled under the NRC-approved Holtec Quality Assurance Program. The Holtec 
QA program manual [14.0.1] is approved by the NRC [14.0.2] under Docket 71-0784. The 
Holtec QA program satisfies the requirements of 10 CFR 72, Subpart G and 10 CFR 71, Subpart 
H. In accordance with 10 CFR 72.140(d), this approved 10 CFR 71 QA program will be applied 
to spent fuel storage cask activities under 10 CFR 72. The additional recordkeeping requirements 
of 10 CFR 72.174 are addressed in the Holtec QA program manual and must also be complied 
with.  
 
The Holtec QA program is implemented through a hierarchy of procedures and documentation, 
listed below. 
 
 1. Holtec Quality Assurance Program Manual 
 
 2. Holtec Quality Assurance Procedures 
 
 3. a. Holtec Standard Procedures 
  b. Holtec Project Procedures 
 
Quality activities performed by others on behalf of Holtec are governed by the supplier’s quality 
assurance program or Holtec’s QA program extended to the supplier. The type and extent of 
Holtec QA control and oversight is specified in the procurement documents for the specific item 
or service being procured. The fundamental goal of the supplier oversight portion of Holtec’s 
QA program is to provide the assurance that activities performed in support of the supply of 
safety-significant items and services are performed correctly and in compliance with the 
procurement documents. 

                                                 
†  This chapter has been prepared in the format and section organization set forth in Regulatory Guide 

3.61.    
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14.0.2  Graded Approach to Quality Assurance 
 
Holtec International uses a graded approach to quality assurance on all safety-related or 
important-to-safety projects. This graded approach is controlled by Holtec Quality Assurance 
(QA) program documents as described in Subsection 14.0.1. 
 
NUREG/CR-6407 [14.0.3] provides descriptions of quality categories A, B and C. Using the 
guidance in NUREG/CR-6407, Holtec International assigns a quality category to each 
individual, important-to-safety component of the HI-STORM UMAX System and HI-TRAC 
transfer cask. The ITS categories assigned to the HI-STORM UMAX cask components are 
identified in licensing drawing in Section 1.5. Quality categories for ancillary equipment are 
provided in Chapter 9 of this FSAR. Quality categories for other equipment needed to deploy the 
HI-STORM UMAX System at a licensee’s ISFSI are defined on a case-specific basis 
considering the component’s design function using the guidelines of NUREG/CR-6407 [14.0.3]. 
 
Activities affecting quality are defined by the purchaser's procurement contract for use of the HI-
STORM UMAX System at an independent spent fuel storage installation (ISFSI) under the 
general license provisions of 10CFR72, Subpart K. These activities include any or all of the 
following: design, procurement, fabrication, handling, shipping, storing, cleaning, assembly, 
inspection, testing, operation, maintenance, repair and monitoring of HI-STORM UMAX 
structures, systems, and components (SSCs) that are important-to-safety.  
 
The quality assurance program described in the QA Program Manual fully complies with the 
requirements of 10CFR72 Subpart G and the intent of NUREG-1536 [14.0.4]. However, 
NUREG-1536 does not explicitly address incorporation of a QA program manual by reference. 
Therefore, invoking the NRC-approved QA program in this FSAR constitutes a literal deviation 
from NUREG-1536. This deviation is acceptable since important-to-safety activities are 
implemented in accordance with the latest revision of the Holtec QA program manual and 
implementing procedures. Further, incorporating the QA Program Manual by reference in this 
FSAR avoids duplication of information between the implementing documents and the FSAR 
and any discrepancies that may arise from simultaneous maintenance to the two program 
descriptions governing the same activities. 
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December 19, 2018 

 
 
EA-18-155 
 
Mr. Doug Bauder 
 Vice President and Chief Nuclear Officer 
Southern California Edison Company 
San Onofre Nuclear Generating Station 
P.O. Box 128 
San Clemente, CA  92674-0128 
 
SUBJECT: ERRATA:  SAN ONOFRE NUCLEAR GENERATING STATION - NRC SPECIAL 

INSPECTION REPORT 050-00206/2018-005, 050-00361/2018-005, 
050-00362/2018-005, 072-00041/2018-001 AND NOTICE OF VIOLATION 

 
Mr. Bauder: 
 
It was identified that the U.S. Nuclear Regulatory Commission (NRC) Special Inspection Report 
No. 050-00206/2018-005, 050-00361/2018-005, 050-00362/2018-005, 072-00041/2018-001, 
dated November 28, 2018 Agency Document and Management System (ADAMS) (ADAMS 
Accession No. ML18332A357) and Notice of Violation (Notice) incorrectly identified the cited 
violation against 10 CFR 72.192, regarding “Operator training and certification program,” in 
lieu of citing the violation against 10 CFR 72.190, “Operator requirements.”  The corrected 
inspection report and Notice shall refer to “10 CFR 72.190” in all applicable areas.  As specified 
in 10 CFR 72.13, the regulation identified under 10 CFR 72.190 is applicable to a general 
licensee, which is the type of license held by Southern California Edison Company.  The 
inspection report and all its enclosures, including the Notice, is reissued in its entirety under the 
same inspection report number and is enclosed.     
 
The change to the citation in the Notice involving training and certification of personnel does 
not change the content of the inspection report, or the two apparent violations.  As such, the 
communications provided in the November 28, 2018, inspection report regarding your 
opportunity to request a predecisional enforcement conference (PEC) or alternative dispute 
resolution (ADR) remains in effect from the date of the original inspection report, 
November 28, 2018.  On December 10, 2018, SONGS informed the NRC that it requested a 
PEC.  My staff is working with your staff to schedule the PEC.  
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In accordance with 10 CFR 2.390 of the NRC’s “Agency Rules of Practice and Procedure,” a 
copy of this letter, its enclosures, and your response (if any), will be made available 
electronically for public inspection in the NRC Public Document Room and from the NRC’s 
ADAMS, accessible from the NRC Web site at http://www.nrc.gov/reading-rm/adams.html.  
 
If you have any questions concerning this matter, please contact Dr. Janine F. Katanic, CHP, of 
my staff at 817-200-1151. 
 

Sincerely, 
 
/RA/ 

 
 
Troy W. Pruett, Director 
Division of Nuclear Materials Safety 

 
Docket Nos.: 50-206; 50-361; 50-362; 72-041 
License Nos.: NPF-10; NPF-15; DPR-13 
 
Enclosure: 
Revised NRC Special Inspection  
Report 050-00206/2018-005,  
050-00361/2018-005, 050-00362/2018-005,  
and 072-00041/2018-001 
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SAN ONOFRE NUCLEAR GENERATING STATION 
NRC SPECIAL INSPECTION REPORT 050-00206/2018-005, 

050-00361/2018-005, 050-00362/2018-005, 072-00041/2018-001 
AND REVISED NOTICE OF VIOLATION 

(ML18341A172) 
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December 19, 2018 

 
 
EA-18-155 
 
Mr. Doug Bauder 
 Vice President and Chief Nuclear Officer 
Southern California Edison Company 
San Onofre Nuclear Generating Station 
P.O. Box 128 
San Clemente, CA  92674-0128 
 
SUBJECT: REVISED NRC SPECIAL INSPECTION REPORT 050-00206/2018-005, 

050-00361/2018-005, 050-00362/2018-005, 072-00041/2018-001 AND REVISED 
NOTICE OF VIOLATION 

 
Mr. Bauder: 
 
This letter refers to the Special Inspection conducted on September 10-14, 2018, at your facility 
in San Clemente, California.  The inspection was conducted in response to the misalignment of 
a loaded spent fuel storage canister as it was being downloaded into the storage vault at the 
San Onofre Nuclear Generating Station (SONGS).  Based on the criteria specified in 
Management Directive 8.3, “NRC Incident Investigation Program,” the Nuclear Regulatory 
Commission (NRC) initiated a Special Inspection in accordance with Inspection 
Procedure 93812, “Special Inspection.”  The basis for initiating the Special Inspection and the 
focus areas for review are detailed in the Special Inspection Charter (Enclosure 3), dated 
August 17, 2018 (Agencywide Document Access and Management System (ADAMS) 
Accession ML18229A203).   
 
The enclosed report documents the results of the inspection.  The inspectors discussed the 
preliminary inspection findings with Mr. Thomas Palmisano and members of your staff on 
September 14, 2018, at the conclusion of the onsite portion of the inspection.  A final exit 
briefing was conducted telephonically with Mr. Palmisano and members of your staff on 
November 1, 2018.  
 
Based on the results of the Special Inspection, two apparent violations were identified and are 
being considered for escalated enforcement action in accordance with the NRC Enforcement 
Policy.  The current Enforcement Policy is included on the NRC Web site at 
http://www.nrc.gov/about-nrc/regulatory/enforcement/enforce-pol.html.  The circumstances 
surrounding these apparent violations, the significance of the associated issues, and the need 
for corrective actions were discussed with Mr. Palmisano at the conclusion of the onsite 
inspection and during the final telephonic exit briefing.  The apparent violations involved the 
failure to:  (1) ensure important-to-safety equipment was available to provide redundant drop 
protection features for a spent fuel canister during downloading operations; and (2) make a 
timely notification to the NRC Headquarters Operations Center for the August 3, 2018, disabling 
of important-to-safety equipment.   
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The NRC is concerned about apparent weaknesses in management oversight of the dry cask 
storage operations.  Your staff did not perform adequate direct observational oversight of 
downloading activities performed by your contractor, ensure adequate training of individuals 
responsible for performing downloading operations, provide adequate procedures for 
downloading operations, or ensure that conditions adverse to quality were entered into the 
corrective action program.  The NRC identified that a causal factor for the misalignment incident 
involved management weakness in the oversight of dry cask storage operations. 
 
Before the NRC makes its enforcement decision, we are providing you with an opportunity to:  
(1) request a predecisional enforcement conference (PEC) or (2) request alternative dispute 
resolution (ADR).  If a PEC is held, it will be open for public observation and the NRC will issue 
a press release to announce the time and date of the conference.     
 
If you choose to request a PEC, the conference will afford you the opportunity to provide your 
perspective on these matters and any other information that you believe the NRC should take 
into consideration before making an enforcement decision.  The decision to hold a PEC does 
not mean that the NRC has determined that a violation has occurred or that enforcement action 
will be taken.  This conference would be conducted to obtain information to assist the NRC in 
making an enforcement decision.   
 
The topics discussed during the conference may include information to determine whether a 
violation occurred, information to determine the significance of a violation, information related to 
the identification of a violation, and information related to any corrective actions taken or 
planned.  In presenting your corrective actions, you should be aware that the promptness and 
comprehensiveness of your actions will be considered in assessing any civil penalty for the 
apparent violations.  The guidance in NRC Information Notice 96-28, “Suggested Guidance 
Relating to Development and Implementation of Corrective Action,” may be helpful and can be 
obtained at the NRC Web site at http://pbadupws.nrc.gov/docs/ML0612/ML061240509.pdf.   
 
In lieu of a PEC, you may also request ADR with the NRC in an attempt to resolve this issue.  
Alternative dispute resolution is a general term encompassing various techniques for resolving 
conflicts using a neutral third party.  The technique that the NRC has decided to employ is 
mediation.  Mediation is a voluntary, informal process in which a trained neutral mediator works 
with parties to help them reach resolution.  If the parties agree to use ADR, they select a 
mutually agreeable neutral mediator who has no stake in the outcome and no power to make 
decisions.  Mediation gives parties an opportunity to discuss issues, clear up 
misunderstandings, be creative, find areas of agreement, and reach a final resolution of the 
issues.   
 
Additional information concerning the NRC’s program can be obtained at 
http://www.nrc.gov/about-nrc/regulatory/enforcement/adr.html.  The Institute on Conflict 
Resolution at Cornell University has agreed to facilitate the NRC’s program as a neutral third 
party.  Please contact the Institute on Conflict Resolution at 877-733-9415 within 10 days of the 
date of this letter if you are interested in pursuing resolution of these issues through ADR.  
Alternative dispute resolution sessions are not conducted with public observation though the 
outcome of the ADR agreement is made public. 
 
A PEC should be held within 30 days and an ADR session within 45 days of the date of this 
letter.  Please contact Dr. Janine F. Katanic at 817-200-1151 within 10 days of the date of this 
letter to notify the NRC of your intended response. 
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In addition, please be advised that the number and characterization of apparent violations 
described in the enclosed inspection report may change as a result of further NRC review.  
You will be advised by separate correspondence of the results of our deliberations on this 
matter.    
 
The NRC determined that three Severity Level IV violations of NRC requirements occurred.  
These violations were evaluated in accordance with Section 2.2.2 of the NRC Enforcement 
Policy.  The NRC determined the issuance of a Notice of Violation (Notice) is appropriate 
because the actions to restore compliance have not been fully developed and implemented, 
and the actions must be effective prior to beginning fuel handling activities.   
 
The three Severity Level IV violations are cited in the enclosed Notice and the circumstances 
surrounding them are described in detail in the subject inspection report.  The violations 
involved failures to:  (1) identify conditions potentially adverse to quality for placement into your 
corrective actions program; (2) assure that operations of important to safety equipment were 
limited to trained and certified personnel or under direct supervision; and (3) provide adequate 
procedures for dry cask storage operations involving downloading operations.   
 
In accordance with 10 CFR 2.390 of the NRC’s “Agency Rules of Practice and Procedure,” a 
copy of this letter, its enclosures, and your response, will be made available electronically for 
public inspection in the NRC Public Document Room and from the NRC’s ADAMS, accessible 
from the NRC Web site at http://www.nrc.gov/reading-rm/adams.html.  To the extent possible, 
your response should not include any personal privacy or proprietary information so that it can 
be made available to the public without redaction. 
 
If you have any questions concerning this matter, please contact Dr. Janine F. Katanic, CHP, of 
my staff at 817-200-1151. 
 

Sincerely, 
 
 /RA/ 
 
 
Troy W. Pruett, Director 
Division of Nuclear Materials Safety 

 
 
Docket Nos.: 50-206; 50-361; 50-362; 72-041 
License Nos.: NPF-10; NPF-15; DPR-13 
 
 
Enclosures: 
1. Notice of Violation 
2. Revised NRC Special Inspection  

  Report 050-00206/2018-005,  
  050-00361/2018-005,  
  050-00362/2018-005, and 
  072-00041/2018-001 

3. Special Inspection Charter dated  
  August 17, 2018 (ML18229A203) 
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  Enclosure 1 
 

NOTICE OF VIOLATION 
 

Southern California Edison Company Docket Nos.: 050-00206, 050-00361, 
San Clemente, CA   050-00362, 072-00041 

License Nos.: NPF-10; NPF-15; DPR-13 
EA No:   18-155 

 
During an NRC Special Inspection conducted September 10 through November 1, 2018, three 
violations of NRC requirements were identified.  In accordance with the NRC Enforcement 
Policy, the violations are listed below: 
 

A. 10 CFR 72.172 requires, in part, that, licensees establish measures to ensure that 
conditions adverse to quality, such as failures, malfunctions, deficiencies, and 
deviations, are promptly identified and corrected.   
 
Contrary to the above, from January 30 to August 3, 2018, the licensee failed to 
establish measures to ensure that conditions adverse to quality, such as failures, 
malfunctions, deficiencies, and deviations, were promptly identified and corrected.   
Specifically: 
 
1. On July 22, 2018, the loading crew experienced difficulty in aligning canister 28 for 

downloading into the independent spent fuel installation vault.  However, the licensee 
failed to enter this deviation in downloading conditions into its corrective action 
program to determine the cause of the misalignment problem and develop corrective 
actions to preclude reoccurrence. 

 
2. From January 30 to August 3, 2018, during canister downloading, contact between 

the canister and vault components frequently occurred.  However, the licensee failed 
to enter instances of contact into its corrective action program and perform an 
assessment to disposition the exterior conditions of the downloaded canisters and 
vault components. 

 
This is a Severity Level IV violation (NRC Enforcement Policy Section 6.3). 

 
B. 10 CFR 72.190 requires, in part, that the operation of equipment and controls that have 

been identified as important to safety in the Safety Analysis Report and in the license 
must be limited to trained and certified personnel or be under the direct supervision of an 
individual with training and certification in the operation.  The HI-STORM UMAX 
SYSTEM Final Safety Analysis Report (FSAR), Revision 4, dated August 14, 2017, 
specifies, in part, that the operations at the independent spent fuel storage installation 
are governed by the HI-STORM FW SYSTEM FSAR, Revision 5, dated June 20, 2017, 
which specifies that the multipurpose canister lifting slings and multipurpose canister lift 
attachments are designated as important to safety equipment.   
 
Contrary to the above, from January 30 to August 3, 2018, the licensee failed to assure 
that operations of equipment and controls that had been identified as important to safety 
in the Safety Analysis Report were limited to trained and certified personnel or were 
under the direct supervision of an individual with training and certification in the 
operation.  Specifically:  
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1. The training program failed to adequately train and certify the rigger/spotter position 
involved in the important to safety downloading operation.   
 

2. The training program for the vertical cask transporter operator position failed to have 
adequate proficiency testing, on the controls related to the load indicating device and 
downloading operations.     

 
This is a Severity Level IV violation (NRC Enforcement Policy Section 6.3).      

 
C. 10 CFR 72.150, requires, in part, that the licensee prescribe activities affecting quality by 

documented instructions or procedures of a type appropriate to the circumstances and 
must include appropriate quantitative or qualitative acceptance criteria for determining 
that important activities have been satisfactorily accomplished.   
 
Contrary to the above, from January 30 to August 3, 2018, the licensee failed to 
prescribe activities affecting quality by documented instructions or procedures of a type 
appropriate to the circumstances and include appropriate quantitative or qualitative 
acceptance criteria for determining that important activities have been satisfactorily 
accomplished.  Specifically:   
 
1. Procedure HPP-2464-400, “Multi-Purpose Canister Transfer at SONGS,” 

Revision 15, step 7.6.23, failed to provide qualitative and quantitative directions for 
the vertical cask transporter operator to monitor control panel indications that would 
identify a canister had become misaligned during downloading operation.    
 

2. Procedure HPP-2464-400, “Multi-Purpose Canister Transfer at SONGS,” 
Revision 15, step 7.6.23, failed to include adequate instructions for the rigger/spotter 
to monitor the downloading slings for a slack condition.    

 
This is a Severity Level IV violation (NRC Enforcement Policy Section 6.3). 
 
Pursuant to the provisions of 10 CFR 2.201, Southern California Edison Company is hereby 
required to submit a written statement or explanation to the U.S. Nuclear Regulatory 
Commission, ATTN:  Document Control Desk, Washington, DC  20555-0001, with a copy to the 
Regional Administrator, U.S. Nuclear Regulatory Commission, Region IV, 1600 E. Lamar Blvd., 
Arlington, TX  76011, within 30 days of the date of the letter transmitting this Notice of Violation 
(Notice).   
 
This reply should be clearly marked as a “Reply to a Notice of Violation, EA-18-155” and should 
include, for each violation: (1) the reason for the violation, or, if contested, the basis for disputing 
the violation or severity level; (2) the corrective steps that have been taken and the results 
achieved; (3) the corrective steps that will be taken; and (4) the date when full compliance will 
be achieved.  Your response may reference or include previous docketed correspondence, if 
the correspondence adequately addresses the required response.  If an adequate reply is not 
received within the time specified in this Notice, an order or a Demand for Information may be 
issued requiring information as to why the license should not be modified, suspended, or 
revoked, or why such other action as may be proper should not be taken.  Where good cause is 
shown, consideration will be given to extending the response time.       
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If you contest this enforcement action, you should also provide a copy of your response, with 
the basis for your denial, to the Director, Office of Enforcement, U.S. Nuclear Regulatory 
Commission, Washington, DC  20555-0001.     
 
Your response will be made available electronically for public inspection in the NRC Public 
Document Room or in the NRC’s Agencywide Documents Access and Management System 
(ADAMS), accessible from the NRC Web site at http://www.nrc.gov/reading-rm/adams.html.  To 
the extent possible, your response should not include any personal privacy or proprietary 
information so that it can be made available to the public without redaction.   
 
If personal privacy or proprietary information is necessary to provide an acceptable response, 
then please provide a bracketed copy of your response that identifies the information that 
should be protected and a redacted copy of your response that deletes such information.  If you 
request withholding of such material, you must specifically identify the portions of your response 
that you seek to have withheld and provide in detail the bases for your claim of withholding (e.g., 
explain why the disclosure of information will create an unwarranted invasion of personal 
privacy or provide the information required by 10 CFR 2.390(b) to support a request for 
withholding confidential commercial or financial information). 
 
Dated this 19th day of December 2018  
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  Enclosure 2 
 

U.S. NUCLEAR REGULATORY COMMISSION 
REGION IV 

 
 

Docket Nos.:  50-206; 50-361; 50-362; 72-041 
 
License Nos.:  NPF-10; NPF-15; DPR-13     
 
Report No.: 050-00206/2018005; 050-00361/2018005; 050-00362/2018005; 

and 072-00041/2018001 
 

Enterprise Identifier: I-2018-001-0138 
 
EA No.:  18-155 
 
Licensee:  Southern California Edison Company 
 
Location:  San Clemente, CA 92674-012 
 
Inspection Dates: Onsite September 10-14, 2018 

In-office review through November 1, 2018 
 
Exit Meeting Date: November 1, 2018 
 
Inspectors: Eric Simpson, CHP, Health Physicist 

Fuel Cycle and Decommissioning Branch  
Division of Nuclear Materials Safety, Region IV 

 
Marlone Davis, Senior Inspector 
Inspections and Operations Branch 
Division of Spent Fuel Management 
 
W. Chris Smith, Reactor Inspector 
Engineering Branch 1 
Division of Reactor Safety, Region IV 

 
Accompanied By: Janine F. Katanic, PhD, CHP, Chief 

Fuel Cycle and Decommissioning Branch  
Division of Nuclear Materials Safety, Region IV 
 
Patricia Silva, Chief 
Inspections and Operations Branch 
Division of Spent Fuel Management 
 
Troy W. Pruett, Director 
Division of Nuclear Materials Safety, Region IV 

 
Approved By:  Troy W. Pruett, Director 

Division of Nuclear Materials Safety, Region IV 
 
Attachment:   Supplemental Inspection Information  
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 EXECUTIVE SUMMARY 
 

NRC Special Inspection Report 050-00206/2018005; 050-00361/2018005; 
050-00362/2018005; and 072-00041/2018-001  

 
On September 10-14, 2018, the U.S. Nuclear Regulatory Commission performed an announced 
Special Inspection of the independent spent fuel storage installation at the decommissioning 
San Onofre Nuclear Generating Station in San Clemente, California.  The inspection continued 
with an in-office review of training material, licensee analyses, procedures, and other materials 
gathered during the onsite inspection through November 1, 2018.  The Southern California 
Edison Company, the licensee and owner of San Onofre Nuclear Generating Station, has an 
NRC General License for its independent spent fuel installation under Title 10 of the Code of 
Federal Regulations (10 CFR) Part 72.  The scope of the inspection was to evaluate the facts 
and circumstances involved in the August 3, 2018, misalignment incident, and review the 
licensee’s follow-up investigation, causal evaluation, and planned corrective actions. 

 
NRC Special Inspection of San Onofre Nuclear Generating Station Canister Misalignment 
Incident of August 3, 2018 

 
• The licensee’s actions that led to disabling the important to safety downloading slings 

and removal of redundant drop protection features were identified as an apparent 
violation of Technical Specification 5.2.c.3 requirements. (Section 3.1.1) 
 

• The NRC team identified missed opportunities where the licensee could have addressed 
the potential for a downloading misalignment.  For example, on July 22, 2018, one of the 
crews experienced misalignment difficulty resulting in a prolonged downloading 
operation.  The licensee did not enter the adverse condition into the corrective action 
program to determine the cause and develop appropriate corrective actions.  This was 
identified as a Severity Level IV violation of 10 CFR 72.172 requirements. (Section 3.1.1) 
 

• Personnel lacked the proper training, proficiency testing, and certifications to operate 
important to safety equipment identified in the HI-STORM UMAX SYSTEM Final Safety 
Analysis Report, Revision 4, dated August 14, 2017.  This was identified as a Severity 
Level IV violation of 10 CFR 72.190 requirements. (Section 3.1.2)       
 

• Dry cask storage procedures did not provide adequate directions for how to determine 
the downloader slings were slack.  Slack in the slings was an indicator of a loss-of-load.  
Further, procedures did not include qualitative or quantitative means to determine when 
a canister had become misaligned.  These procedure inadequacies were identified as a 
Severity Level IV violation of 10 CFR 72.150 requirements. (Section 3.1.3)        
 

• No licensee or contractor oversight staff were in direct visual observation of important to 
safety activities during downloading operations on August 3, 2018.  Licensee oversight 
was not a part of communications between the cask loading supervisor, the 
rigger/spotter, and vertical cask transporter operator during downloading operations. 
(Section 3.1.3)       
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• The licensee concluded and the NRC agreed that the minor removal of divider shell 
coating during downloading operations did not affect the design functions for shielding, 
structural, and thermal safety functions.  The licensee’s plan to address future inspection 
of the divider shells in their aging management program is acceptable. (Section 3.1.4) 

 
• The licensee failed to make the required 24-hour NRC notification of the August 3, 2018, 

incident where important to safety equipment was disabled when required to mitigate the 
consequences of an accident and no redundant equipment was available to perform the 
safety function.  This failure was identified as an apparent violation of 10 CFR 72.75(d) 
requirements. (Section 3.1.4) 
 

• The causal evaluations performed by the licensee and its contractor identified apparent 
and root causes for the August 3, 2018, canister misalignment incident that included 
inadequate training, inadequate procedures, poor utilization of the corrective action 
program, and insufficient management oversight. (Section 3.1.5) 
 

• The licensee’s consequence analysis resulting from a hypothetical 25-foot canister drop 
determined that the canister integrity would be maintained.  The NRC will continue to 
inspect the licensee’s consequence analysis. (Section 3.1.5) 
 

• The licensee provided an analysis to demonstrate that wear on canister 29 during the 
downloading incident would meet established acceptance criteria.  The NRC determined 
that more analysis was required to accept that the canister meets design requirements.  
This charter item will be reviewed during a future NRC inspection. (Section 3.1.6) 
 

• All associated corrective actions for the August 3, 2018, incident had not been fully 
developed and implemented by the licensee.  The NRC will review the licensee’s revised 
procedures, training plans, equipment modifications, and performance testing (dry runs) 
of its dry cask storage operations during a future inspection to determine the 
effectiveness of corrective actions for the incident. (Section 3.1.7) 
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REPORT DETAILS 
 

1 Inspection Scope 
 
On September 10-14, 2018, the NRC performed an announced Special Inspection at the 
San Onofre Nuclear Generating Station (SONGS) in San Clemente, California, which 
was followed by in-office reviews of additional information provided by the licensee 
through November 1, 2018.  The scope of the inspection was to interview personnel 
associated with the August 3, 2018, misalignment incident to independently evaluate the 
circumstances of the canister misalignment; identify and review all pertinent records, 
documents, and procedures related to the licensee’s downloading operations; evaluate 
procedure adequacy and adherence; evaluate the reportability requirements; and to 
evaluate the root cause analyses and corrective actions to prevent recurrence.  
 

2 Background 
 
2.1 General Description of Multi-purpose Canister Downloading Operations  

 
On November 8, 2018, the NRC conducted a public meeting webinar (NRC’s 
Agencywide Documents Access and Management System (ADAMS) 
Accession ML18319A139).  The presentation provides a summary of a downloading 
operation. 
 
A vertical cask transporter (VCT) is used for transporting the transfer cask and 
multi-purpose canister (MPC or canister) loaded with spent fuel onto the independent 
spent fuel storage installation (ISFSI) pad.  Dry cask storage workers manipulate the 
VCT to align the transfer cask over the ISFSI vertical ventilated module (VVM or vault) in 
which the canister will be stored.  Once alignment has been achieved and the transfer 
cask is securely bolted to a mating device, the transfer cask is disconnected from the 
VCT.  Lifting slings are connected to the top of the canister and the VCT overhead lift 
beam.  The VCT lift beam is raised until the load of the canister is supported and no 
longer resting on the bottom of the transfer cask.   
 
While the canister is being supported by the lift beam and slings, a drawer on the mating 
device is opened.  Once the drawer is open, the VCT operator lowers the lift beam, 
which lowers the canister into the storage vault.  The VCT can be moved during the 
download to make fine adjustments for canister alignment within the vault.  While the 
canister is being lowered, it passes through a divider shell assembly.  The divider shell 
has a shield ring that the canister must pass through as it is being lowered into the vault.  
When fully downloaded, the canister will be seated on a pedestal in the cavity enclosure 
container in the vault.  

 
2.2 August 3, 2018 Canister Misalignment 
 

On August 3, 2018, as the loaded canister was being lowered into the vault, personnel 
failed to notice that the canister was misaligned.  The licensee and its contractor 
continued to lower the VCT lift beam until staff believed that the canister had been fully 
lowered to the bottom of the vault.  Staff involved in the download failed to recognize the 
lifting slings were slack.  A radiation protection technician identified radiation readings 
that were not consistent with a fully lowered canister.  The licensee then identified that 
the loaded spent fuel canister was resting on a shield ring near the top of the vault, 
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preventing it from being lowered, and that the rigging and lifting slings were slack and no 
longer bearing the load of the canister.      
 
With the slings slack, the lifting equipment was no longer capable of performing it’s 
important to safety function of holding and controlling the loaded canister.  The canister 
could have experienced an approximately 17-18 foot drop into the storage vault if the 
canister had slipped off the shield ring.  This load drop accident is not a condition 
analyzed in the dry fuel storage system’s Final Safety Analysis Report (FSAR). 

 
The licensee restored the control of the load to the slings and lifting devices.  The 
estimated time the canister was in an unsupported position was approximately 
45 minutes.  The licensee repositioned and lowered the canister into the vault.  The 
licensee subsequently halted all dry fuel storage movement operations in order to fully 
investigate the incident and develop corrective actions to prevent recurrence.     

 
The licensee informed Region IV staff of the misalignment incident on August 6, 2018.  
Region IV discussed the licensee’s plans for evaluation and follow-up for the incident 
and the status of fuel loading operations.  The licensee agreed to suspend fuel loading 
operations until such time as their senior management was satisfied with their corrective 
actions, the NRC completed their inspection, and the NRC determines that corrective 
actions are sufficient to prevent a similar occurrence.  Region IV chartered a Special 
Inspection Team to review the incident, any relevant background information, causal and 
risk assessments conducted by the licensee, and proposed and completed corrective 
actions.   

 
3 Special Inspection Charter (IP 93812) 
 
3.1 Inspection Scope 

 
Following the notification to NRC Region IV of the August 3, 2018, misalignment 
incident, the NRC evaluated the information provided against the criteria for a reactive 
inspection.  Based on the criteria in Management Directive 8.3, “NRC Incident 
Investigation Program,” and Inspection Manual Chapter 0309, “Reactive Inspection 
Decision Basis for Reactors,” a decision was made to perform a Special Inspection.  The 
Special Inspection Charter is provided in Enclosure 3.     
 
The Special Inspection was conducted onsite from September 10-14, 2018, and 
continued with in-office review until November 1, 2018.  The Special Inspection focused 
on understanding the August 3, 2018, misalignment incident.  The inspection included 
interviewing personnel involved in the incident, developing a timeline, and assessing the 
licensee’s immediate corrective actions.   
 
The sections below provide inspection details for each of the Special Inspection Charter 
items.   
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3.1.1    Charter Item 5   
 

Inspection Scope 

“Interview personnel associated with the August 3, 2018, misalignment incident to 
develop a timeline to ensure the licensee’s investigation contained all necessary 
information to identify all contributing factors and develop adequate corrective actions.” 
 
The NRC team interviewed licensee and contractor staff involved or present during the 
August 3, 2018, misalignment incident.  The NRC also reviewed records related to dry 
cask storage operations. 
 
Observations and Findings 
 
Based on interviews and records reviewed, the following timeline was developed: 
 

Date/Time (± 30 minutes) Activity 

 
August 3, 2018   

 
12:40 p.m. Downloading begins for canister 29:   
 

All dry cask storage supervision and licensee oversight, 
including radiation protection staff exited the ISFSI pad 
to stand in a low-dose area on the ISFSI pad ramp 
(approximately 150 feet away from the operations).   
 
Only the rigger/spotter in the motor-powered boom lift 
device man-basket (JLG) and the VCT operator 
remained on the ISFSI pad.   

 
1:05 p.m. VCT operator and rigger/spotter notify cask loading 

supervisor (CLS) that the canister has been fully 
lowered into the ISFSI vault. 

  
1:12 p.m. The radiation protection technician (RPT) determines 

radiation levels indicate that the canister was not fully 
lowered.   

 
Work activities were stopped to plan recovery actions 
with the radiation protection supervisor and CLS.  
 
The rigger in charge (RIC) began making preparations 
to enter the JLG. 
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1:15 p.m. Notifications were made to Holtec management.   
 
The RIC was escorted to the JLG by an RPT.   
 
The RIC recognized the downloading slings were slack 
and bundled on the ground near the base of the VCT.   

 
1:33 p.m. The RIC observed the top of the canister was about 

4 feet from the top of the transfer cask and not lowered 
into the vault.   

 
The RIC directed the VCT operator to lift the canister.   

 
1:41 p.m. The canister load was fully supported by the VCT and 

downloading slings. 
 
1:50 p.m. An alternate CLS arrived and began to direct operations 

for downloading to the VCT operator. 
 
 The alternate CLS and RIC noted that during 

downloading operations the canister experienced 
interference twice and had to be re-aligned.     

 
2:22 p.m. Downloading operations completed. 
  
6:00 p.m. Licensee places hold on all lifting operations. 
 

August 6, 2018  At approximately 4 pm (CDT), the licensee informally 
contacted NRC Region IV to discuss the 
August 3, 2018, misalignment incident. 

 
August 7, 2018  NRC Region IV and licensee management agreed that 

ISFSI operations would cease until the NRC performed 
an inspection and reviewed the licensee’s corrective 
actions to resume work.   
 

September 14, 2018  At 4 pm (ET) the licensee made a formal notification per 
10 CFR 72.75(d)(1) to the NRC Headquarters 
Operations Center regarding the August 3, 2018, 
misalignment incident.   

 
 Violation of 10 CFR 72.172, Corrective Actions 
 

Interviews with Williams Industrial Services Group and Sonic Systems (Holtec 
International subcontractors) employees indicated that of a loss-of-load condition or a 
canister misalignment issue was experienced during dry run evolutions and known to 
several dry cask storage workers.  The Special Inspection team identified a prior canister 
misalignment issue that occurred on July 22, 2018, in which downloading operations 
lasted 90 minutes, instead of the expected 15 minutes for downloading canister 28.  This 
incident was documented in a Production Traveler.  A Production Traveler is a document 
that the licensee uses to track the performance of dry fuel storage operations by the 
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contractor, Holtec International.  The Production Travelers were used to track how well 
the contractor was providing their contracted services to the licensee.  The licensee did 
not enter this condition adverse to quality into its corrective action program.  
 
Licensee oversight generally waited for Holtec staff to initiate a field condition report 
(FCR) before writing a corresponding condition report.  In the Production Traveler for 
canister 28, the 90 minute delay was related to adjustments that were needed for the 
VCT towers as canister weight started to lower prematurely before the downloading was 
complete.  This type of misalignment also occurred during the August 3, 2018, incident.  
On July 22, 2018, the downloading crew for canister 28, noted the reduction in the 
canister weight and corrected the alignment error.  The canister was never unsupported 
by the slings.  No condition report or FCR was generated by either the licensee or 
contractor.   
 
Through interviews with licensee and contractor staff, the NRC determined that between 
January 30 and August 3, 2018, the downloading activity often involved contact between 
the canister and other vault components during downloading.  The licensee and its 
contractor did not enter the misalignment and contact events into the corrective action 
program.  Consequently, actions to assess and disposition the exterior conditions of the 
downloaded canisters and other components within the vault, such as the divider shell 
assembly, were not performed.  The licensee is responsible to ensure the important to 
safety components continue to meet their original design criteria and address any aging 
management concerns the changes could impact.  Any deviations, such as scratches or 
removal of coatings are required to be evaluated to ensure the deviations are not 
detrimental to the system. 
 
Interviews with individuals involved in dry cask loading operations in August 2018, 
revealed that the difficulty in aligning the canister was not shared with others, nor was it 
incorporated into procedures or formal training programs.  The VCT operator and the 
rigger/spotter in charge of downloading operations during the August 3, 2018, incident 
indicated that they did not know until afterwards that the condition they experienced was 
something that should have been anticipated.   
 
Title 10 CFR 72.172 requires, in part, that, licensees establish measures to ensure that 
conditions adverse to quality, such as failures, malfunctions, deficiencies, and deviations 
are promptly identified and corrected.  Contrary to the above, the licensee failed to 
establish measures to ensure that conditions adverse to quality, such as failures, 
malfunctions, deficiencies, and deviations were promptly identified and corrected.  
Specifically:   
 

1. On July 22, 2018, the crew experienced difficulty in aligning canister 28 for 
downloading into the ISFSI vault.  However, the licensee failed to enter this 
deviation in downloading conditions into its corrective action program to 
determine the cause of the misalignment problem and develop corrective actions 
to preclude reoccurrence. 
 

2. From January 30 to August 3, 2018, during canister downloading, contact 
between the canister and the vault components frequently occurred.  The 
licensee failed to enter instances of contact into its corrective action program and 
perform an assessment to disposition the exterior conditions of the downloaded 
canisters and vault components. 
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The team determined that this violation was more than minor because the failure to 
implement corrective actions contributed to the misalignment incident of August 3, 2018.  
Additionally, the failure to evaluate and disposition wear marks on a canister, if left 
uncorrected, could impact the adequacy of the aging management program.  The 
Special Inspection team assessed and dispositioned this violation in accordance with 
Section 2.2.2 of the NRC Enforcement Policy.  The team characterized the violation as a 
Severity Level IV violation.  The NRC determined the issuance of a Notice is appropriate 
because the actions to restore compliance have not been fully developed and 
implemented, and the actions must be effective prior to beginning fuel handling activities.  
(VIO 07200041/2018-001-01, Failure to identify and correct conditions adverse to 
quality) 
 
Apparent Violation of Technical Specification 5.2.c.3, Redundant Lifting 
Equipment  
 
On August 3, 2018, the licensee performed operations involving movement of a loaded 
spent fuel storage canister into its ISFSI vault.  As the loaded spent fuel canister was 
being lowered into the vault, licensee and contractor personnel failed to notice that the 
canister was misaligned and the weight of the canister was not being supported by the 
redundant important to safety slings (See Sections 2.1 and 2.2).   
 
Title 10 CFR 72.212(b)(3) requires, in part, that each cask used by the general licensee 
conforms to the terms, conditions, and specifications of a Certificate of Compliance listed 
in 10 CFR 72.214.  Title 10 CFR 72.214 includes a list of all the approved spent fuel 
storage casks that can be utilized under the conditions specified in a specific Certificate 
of Compliance, including Amendment 2 of Certificate of Compliance 072-01040.  
Certificate of Compliance 072-01040, Amendment 2, Condition 4, “HEAVY LOADS 
REQUIREMENTS,” requires that lifting operations outside of structures governed 
by 10 CFR Part 50 must be in accordance with Technical Specifications, Appendix A, 
Section 5.2.   
 
Technical Specification, Appendix A, Section 5.2.c.3 requires that the transfer cask, 
when loaded with spent fuel, may be lifted and carried at any height during multi-purpose 
canister transfer operations provided the lifting equipment is designed with redundant 
drop protection features which prevent uncontrolled lowering of the load. 
 
Contrary to the above, on August 3, 2018, the licensee failed to ensure that redundant 
drop protection features were available to prevent uncontrolled lowering of the load.  
Specifically, the licensee inadvertently disabled the redundant important to safety 
downloading slings while lowering canister 29 into the storage vault.  During the 
approximately 45 minute time-frame, the canister rested on a shield ring unsupported by 
the redundant downloading slings at approximately 17-18 feet above the fully seated 
position.  This failure to maintain redundant drop protection placed canister 29 in an 
unanalyzed condition because the postulated drop of a loaded spent fuel canister is not 
analyzed in the FSAR.   
 
The licensee’s failure to ensure the system’s designed redundant drop protection 
features were available to prevent uncontrolled lowering of the loaded canister was 
identified as an apparent violation of Technical Specification 5.2.c.3.   
(AV 07200041/2018-001-02, Failure to ensure redundant drop protection features are 
available)          
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 Conclusions 
 

The licensee failed to adequately implement the corrective action program for ISFSI 
operations.  This failure resulted in missed opportunities to resolve misalignment errors 
during canister downloading operations between January 30 and August 3, 2018, and a 
violation of 10 CFR 72.172.      
 
On August 3, 2018, the licensee failed to recognize that a misalignment of a canister 
during downloading operations caused redundant drop protection (slings) to be disabled 
and an apparent violation of Technical Specification 5.2.c.3.   
 

3.1.2 Charter Item 1 
 
   Inspection Scope  

 
“Identify and review all pertinent records, documents, and procedures related to the 
licensee’s downloading operations at the ISFSI pad including but not limited to: worker 
training and qualifications; rigging equipment qualification, testing, and preventative 
maintenance; and lifting equipment qualification, testing, and preventative maintenance.  
Evaluate the adequacy of the above noted procedures, worker training, and equipment 
testing and preparation.”     
 
The Special Inspection team reviewed licensee rigging procedures and NUREG-0612 
“Control of Heavy Loads at Nuclear Power Plants,” training modules.  The team 
reviewed the qualifications for the dry cask storage workers including the records for the 
workers involved in the August 3, 2018, misalignment incident.  The team reviewed the 
inspection and maintenance records for special lifting devices used during dry fuel 
storage operations and the qualification records for rigging equipment.  The team 
reviewed procedures used during canister downloading operations.         

 
 Observations and Findings  

 
The equipment used for dry cask storage operations met applicable inspection 
requirements specified in the Holtec HI-STORM UMAX FSAR.  The special lifting 
devices used to transport the transfer cask and to perform downloading operations were 
designed and tested according to American National Standards Institute (ANSI) N14.6, 
“American National Standard for Radioactive Materials – Special Lifting Devices for 
Shipping Containers Weighing 10,000 Pounds or More.”  The slings used during 
downloading had a sufficient load rating for the maximum credible load imposed by the 
canister.  The slings were tested according to the safety requirements of American 
Society of Mechanical Engineers (ASME) B30.9, “Slings.”  The purchase specifications, 
qualifications, and maintenance records for the VCT, downloading slings, canister lift 
cleats, lift lugs, and lift links were satisfactory. 
 

 Violation of 10 CFR 72.190, Training and Certification Qualifications 
 

 The NRC team reviewed the qualifications of workers involved in the August 3, 2018, 
incident.  Interviews with the individuals primarily responsible for verifying that the 
canister was properly downloaded into the ISFSI vault showed that the licensee’s 
training program was inadequate for the positions that are designated as rigger/spotter 
and VCT operator.  The VCT operator training program qualifications did not establish 
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adequate required proficiency training exercises for downloading operations.  The VCT 
operator on August 3, 2018, had never been tested on or exercised with the canister 
simulator during a pre-operational testing, “dry run” downloading operation.  The 
August 3, 2018, misalignment incident was the first time the VCT operator had actually 
completed downloading operations as the VCT operator.     

 
Neither the rigger/spotter nor VCT operator was properly trained in determining a 
loss-of-load condition during downloading operations.  The VCT operator stated that he 
was knowledgeable of the VCT human-machine interface (HMI) screens and that 
indications provided a digital reading that could allow the operator to determine if the 
canister was not supported by the slings.  However, the VCT operator stated that he did 
not use the VCT HMI screen to monitor the load of the canister at any time during the 
August 3, 2018, downloading operations.  The VCT operator indicated that he only 
utilized the HMI screen to determine how evenly the VCT lift beam was descending.   

 
From his position on the VCT, the VCT operator could not see the canister downloader 
slings.  The only indication of a loss-of-load would come from monitoring the VCT 
hydraulic beam pressure digital reading on the VCT HMI screen, which was not 
performed.  Since the operator had not performed any proficiency training with the VCT 
during a dry run downloading operation, the individual was inexperienced with the use of 
the HMI screen to monitor load loss.   

 
 The licensee’s training program did not provide a formal process to be qualified for the 

rigger/spotter position during downloading operations.  The rigger/spotter stated that he 
was not trained on and did not know his roles and responsibilities during the 
downloading evolution.  The August 3, 2018, misalignment incident was the first time the 
rigger/spotter had attempted to perform downloading operations as the rigger/spotter in 
the JLG.    

 
 The NRC team’s interview with the foreman indicated that the rigger/spotter was 

selected primarily because of his low accumulated radiation dose.  From interviews with 
licensee and contractor staff, an experienced RIC was usually the individual placed in 
the JLG and acted as the rigger/spotter for the downloading operations.  On 
August 3, 2018, it was the RIC who eventually entered the JLG after the misalignment 
and directed the VCT operator to lift the canister with the VCT lift beam to regain the 
load on the slings.  The RIC had immediately recognized that the canister was not 
downloaded into the ISFSI vault when he arrived and saw the condition of the 
downloader slings.         

 
 The failure to ensure operators are adequately qualified and proficiency tested when 

operating important to safety equipment and directing critical lift operations is a 
performance deficiency.  The licensee’s training program that allowed the rigger/spotter 
and VCT operator to be placed into a situation where their lack of training rendered them 
incapable of meeting the requirements for the job represented a failure of the licensee’s 
training program.   

 
Title 10 CFR 72.190 requires, in part, that the operation of equipment and controls that 
are identified as important to safety in the Safety Analysis Report must be limited to 
trained and certified personnel or be under the direct supervision of an individual with 
training and certification in the operation.  The HI-STORM UMAX SYSTEM FSAR, 
Revision 4, dated August 14, 2017, specifies, in part, that the operations at the ISFSI are 
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governed by the HI-STORM FW SYSTEM FSAR, Revision 5, dated June 20, 2017, 
which specifies that the MPC lifting slings and MPC lift attachments are designated as 
important to safety equipment.  Contrary to the above, from January 30 to August 3, 
2018, the licensee failed to assure that operations of equipment and controls that had 
been identified as important to safety in the Safety Analysis Report were limited to 
trained and certified personnel or were under the direct supervision of an individual with 
training and certification in the operation.  Specifically, the licensee’s training program:   
 

1. Failed to adequately train and certify the rigger/spotter position involved in the 
important to safety downloading operation.   

 
2. Failed to have adequate proficiency testing on the controls related to the load 

indicating device and downloading operations for the VCT operator position. 
 

The team determined that this violation was more than minor because the licensee’s 
failure to establish an adequate training program contributed to the misalignment 
incident on August 3, 2018.  The team assessed and dispositioned this violation in 
accordance with Section 2.2.2 of the NRC Enforcement Policy.  The team characterized 
the violation as a Severity Level IV violation.  The NRC determined the issuance of a 
Notice is appropriate because the actions to restore compliance have not been fully 
developed and implemented, and the actions must be effective prior to beginning fuel 
handling activities. (VIO 07200041/2018-001-03, Failure to establish adequate training 
program) 

 
 The team identified that the simulator canister used for training and dry run 

demonstrations had a specified outer diameter that was less than that of the actual spent 
fuel storage canisters being downloaded into the vault.  The simulator canister provided 
approximately 0.75 inch more clearance than the actual canisters loaded with spent fuel.  
This difference may be acceptable for the dry run activities; however, the difference was 
not noted in any of the licensee’s training materials for rigger/spotters or the VCT 
operators.  This represents a situation of negative training that may have contributed to 
the August 3, 2018, misalignment incident.    

 
Conclusions 

 
The important to safety lifting equipment and special lifting devices being used for dry 
cask storage operations met applicable regulatory requirements.   
 
Personnel lacked the proper training, proficiency testing, and certifications to operate 
important to safety equipment identified in the HI-STORM UMAX SYSTEM FSAR, 
Revision 4, dated August 14, 2017.  This was identified as a violation of 10 CFR 72.190 
requirements. 
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3.1.3 Charter Items 2 and 4   
 

Inspection Scope 
 
“Evaluate the adequacy of the loading procedure(s) with respect to verification of the 
movement, centering, lowering, and positioning the canister within the ISFSI vault and 
procedure adherence.  Interviews with personnel involved in the ISFSI loading 
operations should be conducted to evaluate licensee and contractor communications 
between crane/VCT operators, rigging and spotting staff, cask loading supervisors, 
radiation protection staff, and licensee oversight personnel.  Evaluate the adequacy of 
pre-job briefings that may have taken place prior to fuel loading operations.” 
 
“Based on the review of the procedures and interviews of personnel involved with 
loading operations, evaluate the adequacy of procedure adherence.” 
 
The Special Inspection team reviewed Holtec Procedure HPP-2464-400, “Multi-Purpose 
Canister Transfer Operations at SONGS,” Revision 15; Holtec 
Procedure HPP-2464-600, “Responding to Abnormal Conditions,” Revision 6; SONGS 
Procedure SO123-0-A7, “Notification and Reporting of Significant Events,” Revision 46; 
and other applicable procedures related to the August 3, 2018, misalignment incident.  
The team reviewed the pre-job briefing in use by the CLSs.  The team discussed ISFSI 
communications during downloading operations with the licensee and contractor staff. 

 
Observations and Findings 

Violation of 10 CFR 72.150, Procedures 
The VCT is not equipped with a load-cell to provide the weight of the canister.  A 
hydraulic pressure indication for the lift beam could be used to provide a qualitative 
means for determining if the slings are not supporting the canister’s weight.  This 
pressure indication is displayed on the VCT HMI control panel.   
 
The team identified examples of a violation of 10 CFR 72.150, “Instructions, Procedures, 
and Drawings.”  Holtec Procedure HPP-2464-400 provided direction and guidance for 
verifying canister movement, canister centering operations, and for lowering the canister 
into the vault.  Many steps in the procedure provided direction without quantitative or 
qualitative means to verify that important to safety steps had been achieved, including 
detection of a loss-of-load condition and final verification that the canister had been fully 
downloaded into the vault.  For example, step 7.6.12 instructed the VCT operator to 
continue to raise the VCT lift beam slowly until the full weight of the canister is on the 
VCT.   
 
However, there is no quantitative direct measurement for the VCT operator to determine 
when the “full weight” of the canister is indicated on the VCT HMI control panel.  The 
procedure contained a note that the load on the VCT HMI screen may be used to 
determine if downloader slings had become slack.  However the procedure did not direct 
the VCT operator to monitor the HMI control panel nor provide a qualitative or 
quantitative value that would notify the VCT operator that the canister had become 
misaligned and that the VCT was no longer bearing the load of the canister.   
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Holtec Procedure HPP-2464-400, step 7.6.23, states, if at any time the download slings 
become slack prior to the canister being in the full down position then immediately stop 
lowering the canister.  During downloading operations there was only one position who 
could determine whether or not the slings had gone slack.  That position was the 
rigger/spotter who is responsible to monitor the movement of the canister during 
downloading operations from the elevated JLG basket.  The rigger/spotter was 
observing the slings during the August 3, 2018, downloading evolution.  However, the 
rigger/spotter was only observing the slings for “slack” at the top of the transfer cask.   
 
The procedure did not provide adequate direction to the rigger/spotter to observe the 
slings near the base of the VCT, which had become slack and were bundling up on the 
ground.  Additionally, the procedure did not provide direction for the rigger/spotter to 
monitor the height of the canister in relation to the height of the lift beam.    
 
Title 10 CFR 72.150, requires, in part, that the licensee prescribe activities affecting 
quality by documented instructions or procedures of a type appropriate to the 
circumstances and must include appropriate quantitative or qualitative acceptance 
criteria for determining that important activities have been satisfactorily accomplished.   
 
Contrary to the above, from January 30 to August 3, 2018, the licensee failed to 
prescribe activities affecting quality by documented instructions or procedures of a type 
appropriate to the circumstances and include appropriate quantitative or qualitative 
acceptance criteria for determining that important activities have been satisfactorily 
accomplished.  Specifically:   
 

1. Procedure HPP-2464-400, “Multi-Purpose Canister Transfer at SONGS,” 
Revision 15, step 7.6.23, failed to provide qualitative and quantitative directions 
for the VCT operator to monitor control panel indications that would identify a 
canister had become misaligned during downloading operation. 
 

2. Procedure HPP-2464-400, “Multi-Purpose Canister Transfer at SONGS,” 
Revision 15, step 7.6.23, failed to include adequate instructions for the 
rigger/spotter to monitor the downloading slings for a slack condition.   

 
The team determined that this violation was more than minor because the licensee’s 
failure to prescribe adequate procedures contributed to the August 3, 2018, 
misalignment incident.  The team assessed and dispositioned this violation in 
accordance with Section 2.2.2 of the NRC Enforcement Policy.  The team characterized 
the violation as a Severity Level IV violation.  The NRC determined the issuance of a 
Notice is appropriate because the actions to restore compliance have not been fully 
developed and implemented, and the actions must be effective prior to beginning fuel 
handling activities. (VIO 07200041/2018-001-04, Failure to provide adequate instructions 
of procedures) 
 
Communications 
 
During downloading on August 3, 2018, radiation protection staff directed the CLS and 
licensee oversight personnel to relocate to a low dose area off of the ISFSI pad.  The 
low dose waiting area was located approximately 150 feet away from the ISFSI 
operations on the heavy haul path that is approximately 8 feet lower in elevation.  From 
the low dose area, neither the contractor nor licensee oversight staff could observe the 
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downloading activities.  The NRC determined that the removal of oversight staff in an 
effort to minimize radiation dose without other compensatory measures resulted in 
inadequate supervisory oversight of important to safety lifting operations.   
 
The communication protocols used by the CLS, VCT operator, and the rigger/spotter 
was reviewed by the team.  The CLS was in direct communications via radio and 
headsets with the VCT operator and rigger/spotter.  The radios provided adequate 
communication in the noisy environment of the VCT.  Communication between the CLS, 
VCT operator, and the rigger/spotter during the downloading operation was informal.  
The CLS did not request a reading of the HMI control panel to determine hydraulic 
pressure and repeat-backs of the location of canister during the downloading process 
were misunderstood.   
 
Radiation Protection staff were not provided headsets for communications.  Radiation 
Protection staff were able to communicate concerns directly with the CLS, who could 
communicate radiological concerns to workers, if necessary.   
 
The licensee’s oversight personnel were not provided headsets during downloading 
operations.  The licensee did not provide direct oversight of downloading operations.  
During the August 3, 2018, misalignment incident, neither licensee oversight nor 
contractor supervision were in a position to directly monitor the downloading operations 
or the actual condition of the canister.   
 
Conclusions 
 
Dry cask storage procedures did not provide adequate directions for how to determine 
the downloader slings were slack.  The downloading procedure did not include 
qualitative or quantitative means for determining when a canister had become 
misaligned.  These procedure inadequacies were identified as examples of a violation 
of 10 CFR 72.150 requirements.    
 
No licensee or contractor oversight personnel were in direct visual observations of the 
important to safety activities during downloading operations on August 3, 2018.  All 
personnel except the rigger/spotter and VCT operator left the ISFSI pad during 
downloading operations.  Licensee oversight was not a part of the communications 
between the CLS, the rigger/spotter, and VCT operator during canister downloading 
operations.  Without adequate communications and visual observation, the licensee and 
the contractor were unable to verify that important to safety dry cask storage activities 
were adequately performed.    
 

3.1.4 Charter Items 3 and 8  
 

Inspection Scope 
 
“Review and evaluate the licensee’s immediate corrective actions taken after the 
incident for adequacy and notifications to the NRC and safety assessments performed 
immediately following the incident.  Review the licensee’s inspection documentation 
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and/or analysis to determine whether the vault’s divider shell experienced any damage 
that would inhibit the component from performing its designed safety function.”   
 
“Investigate the licensee’s procedures for reportability to the NRC and determine if the 
licensee made the correct decision regarding notifications made to the NRC for this 
incident.”      
 
The Special Inspection team reviewed the licensee’s initial assessment of the incident 
through presentations and discussions provided by the licensee.  The team reviewed all 
condition reports and entries made into the licensee’s and dry cask storage vendor’s 
corrective action programs regarding the canister misalignment incident, and the 
condition of the divider shell and canister 29.  The team reviewed the notification 
requirements of 10 CFR 72.75 against the conditions experienced during the 
August 3, 2018, misalignment incident and reviewed licensee Procedure SO123-0-A7, 
“Notification and Reporting of Significant Events,” Revision 46.       
 
Observations and Findings 
 
Divider Shell Assessment 
 
The licensee immediately stopped all dry cask storage operations following the 
misalignment incident of August 3, 2018, pending a root cause evaluation to be 
performed by their dry cask storage vendor, Holtec International.  The licensee initiated 
an apparent cause evaluation to determine if problems in its organization may have 
contributed to the misalignment incident. 
 
The misalignment incident was entered into the corrective action program by Holtec 
as FCR 2464-1189.  The Holtec FCR was initiated to investigate the August 3, 2018, 
incident as a human performance issue.  This FCR prompted the licensee to initiate 
Action Request 0818-76588.  This action request included an assessment of the 
condition of the divider shell and canister.      
 
Action Request 0818-76588 described the removal of paint/coating from the divider 
shell.  The action request concluded that the incidental transfer of divider shell coating to 
the canister shell did not affect the canister’s design functions of confinement, shielding, 
structural, thermal, and criticality.  Future actions to address coating presence will be 
included in the licensee’s ISFSI aging management plan.  The NRC team reviewed the 
licensee’s assessment for the divider shell and concluded the component can perform its 
safety functions.  Additionally, the licensee’s plan to address future inspection of the 
divider shells in its aging management program was acceptable.   
 
Apparent Violation 10 CFR 72.75, Reporting   

 
The team identified an apparent violation of 10 CFR 72.75 for late notification of 24-hour 
reporting requirements involving important to safety equipment that was disabled or 
failed to function as designed when the equipment is required by license condition and 
no redundant equipment is available and operable to perform the required safety 
function.         
 
On August 3, 2018, during downloading operations associated with canister 29 the 
licensee disabled the important to safety slings while downloading a canister (See 
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Section 2.1 and 2.2).  The canister was placed in a potential load drop condition for 
approximately 45 minutes before the licensee was able to restore the load onto the 
important to safety slings, thereby restoring the redundant drop protection features.   

   
 After the incident, the licensee provided a courtesy notification to the NRC Region IV 

office at approximately 4 p.m. CDT on the afternoon of August 6, 2018.  
Section 10 CFR 72.75(d)(1), would have allowed for notification to be made to the 
NRC Operations Center as late as 0800 EDT on Monday, August 6, 2018.  The courtesy 
notification made to the regional office did not satisfy the reporting requirements 
of 10 CFR 72.75.  During the August 6, 2018, call, the NRC informed the licensee that a 
formal report to the NRC was likely required. 

 
 Notification of the NRC Operations Center did not occur until the licensee was prompted 

by the NRC team on September 14, 2018.  The condition was reported to the NRC 
Headquarters Operations Center on September 14, 2018, at 1600 EDT (Event 
Notification 53605).   
 
Title 10 CFR 72.75(d)(1) requires, in part, that each licensee shall notify the NRC within 
24 hours after the discovery of any of the following events involving spent fuel in which 
important to safety equipment is disabled or fails to function as designed when:  (i) the 
equipment is required by regulation, license condition, or certification of compliance to 
be available and operable to mitigate the consequences of an accident; and (ii) no 
redundant equipment was available and operable to perform the required safety 
function.   
 
Contrary to the above, from August 6 to September 14, 2018, the licensee failed to notify 
the NRC after discovery of important to safety equipment being disabled and failing to 
function as designed when required by the Certificate of Compliance to provide 
redundant drop protection features to prevent and mitigate the consequences of a drop 
accident and no redundant equipment was available and operable to perform the 
required safety function.  
 

 The licensee’s failure to make the required 24-hour notification to the NRC within the 
required timeframe was identified as an apparent violation of 10 CFR 72.75(d).  
(AV 07200041/2018-001-05, Failure to make 24-hour notification)  

 
 Conclusions 
 
 The licensee concluded that the incidental removal of divider shell coating during 

downloading operations did not affect the design functions for shielding, structural, and 
thermal safety functions.  The NRC has reviewed the licensee’s assessment for the 
divider shell and has concluded the component can perform its safety functions.  
Additionally, the licensee’s plan to address future inspection of the divider shells in their 
aging management program is acceptable.   

 
 The licensee failed to make the required formal 24-hour NRC notification of the 

August 3, 2018, event where important to safety equipment was disabled when the 
equipment was required to mitigate the consequences of an accident and no redundant 
equipment was available to perform the safety function.  This failure was identified as an 
apparent violation of 10 CFR 72.75(d) requirements.   
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3.1.5 Charter Item 6   
 

 Inspection Scope 
 

“Review the licensee’s root cause investigation results, to determine whether the review 
thoroughly identified all contributing factors and that final corrective actions will be 
adequate to prevent reoccurrence.  Evaluate whether prior operational experience 
relating to complications or issues associated with canister downloading operations was 
identified and considered as part of the licensee’s root cause investigation and corrective 
action development.” 
 
The Special Inspection team reviewed the causal evaluations that were performed for 
the August 3, 2018, misalignment incident.  Specifically, the team reviewed Holtec 
International’s Root Cause Analysis Report for the canister downloading incident and the 
licensee’s Apparent Cause Evaluation to assess oversight effectiveness during the 
August 3, 2018, download of canister 29.   

 
Observations and Findings: 
 
Holtec International’s Root Cause Evaluation    
 
The licensee directed Holtec to perform a causal evaluation as a follow-up item in 
condition report action request 0818-76588 that the licensee initiated following the 
August 3, 2018, misalignment incident.  The Holtec causal evaluation identified one root 
cause and five contributing causes:   
 

• Root Cause:  Holtec Management failed to implement appropriate program 
improvements or the necessary level of oversight commensurate with the 
complexity and risks associated with downloading operations.       

 
• Contributing Cause 1:  Inadequate content in procedures for recognizing special 

conditions.    
 

• Contributing Cause 2:  Design review process did not ensure that unintended 
consequences of design features were captured.   

 
• Contributing Cause 3:  Communication protocols with the chain of command 

established during canister movement were not well defined.    
 

• Contributing Cause 4:  Holtec had not established a continuous learning 
environment which promoted the use of internal and external operating 
experience.   

 
• Contributing Cause 5:  Holtec Training Program did not fully establish 

qualification or proficiency requirements for workers performing downloading 
operations.      
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Southern California Edison Company’s Apparent Cause Evaluation 
 
The licensee initiated an apparent cause evaluation (ACE) to determine how its 
organization may have contributed to allowing the August 3, 2018, loss-of-load incident 
to occur.  The licensee’s apparent causes were related to deficiencies in procedures, 
training, and in oversight of contractor activities.    
 

• Apparent Cause 1:  Management failed to establish a process to ensure that site 
dry cask storage procedures were technically accurate.  

 
• Apparent Cause 2:  Management failed to establish licensee and contractor 

training to support procedure implementation.  
 

• Apparent Cause 3:  Management failed to sufficiently detail contractor Oversight 
Specialist guidance. 

 
• Contributing Cause 1:  ISFSI project management was not routinely observing 

dry cask storage operations.  
 

• Contributing Cause 2:  ISFSI project management was not consistently initiating 
condition reports for dry cask storage operations that deviated from normal. 

 
Both the licensee and Holtec causal evaluations reviewed many of the items identified 
by the NRC team.  Those items being:  procedure adequacy; training adequacy; 
adequacy of the corrective action program; oversight adequacy; and the inconsistent use 
of operational experience during routine dry cask storage operations.   
 
The causal evaluations assessed the severity of the canister misalignment incident.  The 
licensee determined that in the event of a canister drop accident from 25 feet into the 
vault, there was no risk of radioactive exposure to the public.  A publicly available 
version of the licensee’s drop analysis summary is available in ADAMS (ADAMS 
Accession No. ML18330A003).  The NRC will continue to review the adequacy of the 
causal analyses, corrective actions, and potential consequences during a follow-up 
inspection which is planned to be performed before the resumption of fuel handling 
activities. 
 
Conclusions 
 
The apparent and root causes for the August 3, 2018, canister misalignment incident 
involved inadequate training, inadequate procedures, poor utilization of the corrective 
action program, and insufficient oversight.     
 

3.1.6 Charter Item 7   
 
 Inspection Scope 
 

“Review the licensee’s planned actions that will address the point loading condition that 
was experienced by the affected canister.  If applicable, review the licensee’s analysis 
that demonstrated the canister will continue to perform as designed for continued 
storage OR review licensee’s inspection plan to safely remove or lift the canister from 
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the vault to support inspection of the bottom of the canister to demonstrate the canister 
did not receive any damage that would inhibit the component from continuing to perform 
as designed.”    
 

 Observations and Findings  
 

The licensee performed an evaluation to demonstrate the canister continues to meet the 
design and performance requirements described in the FSAR.  The Special Inspection 
team reviewed the licensee’s initial assessment of the canister 29 condition after the 
misalignment incident.   
 
The preliminary evaluation provided by the licensee stated that both the canister and 
vault were not expected to have any physical damage that would exceed the pre-defined 
limits used during receipt inspection and manufacturer acceptance testing.  The NRC 
requested additional analysis to ensure that the canister meets design requirements.  
Additionally, the licensee is evaluating whether the canister will require increased 
surveillance frequency for the aging management program.  The licensee had not 
completed the evaluation for NRC review prior to the NRC’s inspection exit meeting.  
This charter item will be reviewed during a future NRC inspection.    
 
Conclusions 
 
The licensee has chosen to provide an analysis to demonstrate that the potential 
damage to canister 29 during the downloading would meet established acceptance 
criteria.  The NRC determined that additional analysis was required for the NRC to 
ensure that the canister meets design requirements.  This charter item will be reviewed 
during a future NRC inspection.   
 

3.1.7 Charter Item 9  
 

 Inspection Scope 
 

“As directed by regional management, observe resumption of fuel loading operations to 
verify that corrective actions were effective in addressing deficiencies that contributed to 
the incident.  This should include evaluation of procedure and/or equipment 
enhancements; review or observation of training and briefings provided to riggers, crane 
operators, spotters and observers, supervisors and other personnel involved in fuel 
loading operations.”    
 
Observations and Findings 
 
The licensee suspended all fuel handling activities following the August 3, 2018, 
misalignment incident.  The NRC will review the licensee’s revised procedures, training 
plans, equipment modifications, and performance testing (dry runs) of its dry cask 
storage operations in a future inspection to determine the effectiveness of corrective 
actions for the incident.        
 
Conclusions 
 
All associated corrective actions for the August 3, 2018, incident had not been 
completely finalized or implemented by the licensee.  The NRC will review the licensee’s 
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revised procedures, training plans, equipment modifications, and performance testing 
(dry runs) of its dry cask storage operations during a future inspection to determine the 
effectiveness of corrective actions for the incident.      
 

3.1.8 Charter Item 10   
 
Inspection Scope: 
 
“Determine if the inspection should be elevated to an Augmented Inspection Team (AIT) 
inspection and promptly notify regional management of any recommendation to escalate 
the special inspection to an AIT.” 
 
As a daily action item, the NRC Special Inspection Team reviewed NRC Inspection 
Manual Chapter 0309, “Reactive Inspection Decision Basis for Reactors,” Enclosure 2, 
to determine whether any of the facts or details uncovered during the course of the 
inspection met the deterministic criteria that would require the Special Inspection at 
SONGS to be elevated to an AIT. 
 
Observations and Findings 
 
The deterministic criteria for an event to be elevated to an AIT effort are delineated in 
Manual Chapter 0309.  The Special Inspection Team did not identify any indication that 
the August 3, 2018, misalignment incident at SONGS led to a radiological release.  
Additionally, the incident did not involve the failure of the spent fuel canister, the release 
of radiological contamination, or external radiation levels that exceeded 10 rads/hr.  
Consequently, there was no need to elevate the inspection effort to an AIT.  The team’s 
daily re-evaluation was communicated to Regional management during the week of 
onsite inspection effort. 
 

 Conclusions 
 
The NRC team did not identify any information that would have required the Special 
Inspection to be elevated to an AIT effort. 

 
4  Exit Meeting Summary 
 
 On September 14, 2018, following the onsite portion of the inspection, the inspectors 

provided a debrief of the preliminary results to Mr. Tom Palmisano, former Vice President 
and Chief Nuclear Officer and other members of the licensee staff.  The licensee 
acknowledged the issues presented by the NRC inspection team.   

 
 On November 1, 2018, the inspectors presented the final inspection results to Mr. Tom 

Palmisano, former Vice President and Chief Nuclear Officer and other members of the 
licensee staff.  The licensee acknowledged the issues presented.   

 
 On November 8, 2018, the NRC performed a public webinar meeting to discuss the 

inspection team’s preliminary results. 
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Attachment 
 

SUPPLEMENTAL INSPECTION INFORMATION 

PARTIAL LIST OF PERSONS CONTACTED 
 
Licensee Personnel     
A. Bates, Regulatory and Oversight Manager 
M. Morgan, Regulatory and Oversight 
L. Bosch, Plant Manager 
G. Carter, Westinghouse Project Manager 
P. Chaudnary, Vice President of Operations, Holtec 
J. Manso, ISFSI Sr. Project Manager 
T. Palmisano, former Vice President Decommissioning and Chief Nuclear Officer 
J. Pugh, Project Engineer 
K. Rod, General Manager Decommissioning Oversight 
J. Smith, Project Manager, Holtec 
M. Soler, Vice President Quality, Holtec 
 
 

INSPECTION PROCEDURES USED 
IP 93812 Special Inspection 
 
 

LIST OF ITEMS OPENED, CLOSED, AND DISCUSSED 
Opened 
072-00041/2018-001-01 VIO Failure to identify and correct conditions adverse to 

quality (10 CFR 72.172) 
 

072-00041/2018-001-02 AV Failure to ensure redundant drop protection features 
were available (10 CFR 72.212) 

 
072-00041/2018-001-03 VIO Failure to assure that operations of important to safety 

equipment were limited to trained and certified 
personnel (10 CFR 72.190) 

 
072-00041/2018-001-04 VIO Failure to provide adequate instructions or procedures 

(10 CFR 72.150) 
 
072-00041/2018-001-05 AV Failure to make 24-hour notification (10 CFR 72.75) 
 
 
Discussed 
None 
 
Closed 
None 
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LIST OF ACRONYMS USED 
 

ADAMS  Agencywide Documents Access and Management System 
ADR   Alternative Dispute Resolution 
AIT   Augmented Inspection Team 
ANSI   American National Standards Institute 
AV   Apparent Violation 
ASME   American Society of Mechanical Engineers 
CFR   Code of Federal Regulations 
CLS   Cask Loading Supervisor 
FCR   Field Condition Report 
FSAR   Final Safety Analysis Report 
HI-STORM UMAX Holtec International Storage Module Underground Maximum Capacity 
HMI   Human-Machine Interface 
IP   Inspection Procedure 
ISFSI   Independent Spent Fuel Storage Installation 
JLG   Engine or Motor Powered Boom Lifting Device 
NOV   Notice of Violation 
NRC   U.S. Nuclear Regulatory Commission 
MPC    multipurpose canister 
PEC   Pre-decisional Enforcement Conference 
RIC   Rigger-in-charge 
RPT   Radiation Protection Technician 
SL   Severity Level 
SONGS  San Onofre Nuclear Generating Station 
TS   Technical Specification 
VCT   Vertical Cask Transporter 
VIO   Violation 
VVM   Vertical Ventilated Module or vault  
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Enclosure 3 
 

INSPECTION CHARTER 
 

TO EVALUATE THE NEAR-MISS LOAD DROP 
EVENT AT SAN ONOFRE NUCLEAR 

GENERATING STATION DATED  
AUGUST 17, 2018  
(ML18229A203) 
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August 17, 2018 
 

 
MEMORANDUM TO: Eric J. Simpson, CHP, Health Physicist 
 Fuel Cycle and Decommissioning Branch 
 Division of Nuclear Materials Safety 
 

W. Chris Smith, Reactor Inspector  
Engineering Branch 1 
Division of Reactor Safety 
 
Marlone X. Davis, Transportation & Storage Safety Inspector  
Inspections & Operations Branch 
Division of Spent Fuel Management 

 
THROUGH: Janine F. Katanic, PhD, CHP, Chief /RA/ LLH for 
 Fuel Cycle and Decommissioning Branch 
 Division of Nuclear Materials Safety 
 
FROM: Troy W. Pruett, Director /RA/ 
 Division of Nuclear Materials Safety 
 
SUBJECT: INSPECTION CHARTER TO EVALUATE THE NEAR-MISS LOAD 

DROP EVENT AT SAN ONOFRE NUCLEAR GENERATING 
STATION  

 
A special inspection has been chartered to review the licensee’s follow-up investigation, 
causal evaluation, and planned corrective actions regarding the near-miss drop event 
involving a loaded spent fuel storage canister at the San Onofre Nuclear Generating Station 
(SONGS) Independent Spent Fuel Storage Installation (ISFSI) on Friday, August 3, 2018. 
(License Nos. NPF-10 and NPF-15, Docket Nos. 50-361, 50-362 and 72-41).  
 
 
CONTACT:  Janine F. Katanic, PhD, CHP, FCDB/DNMS 
 (817) 200-1151  
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BACKGROUND AND BASIS 
 
On Friday, August 3, 2018, at approximately 1:30 pm (PST), SONGS was engaged in 
operations involving movement of a loaded spent fuel storage canister into its underground 
ISFSI storage vault (HI-STORM UMAX storage system).  As the loaded spent fuel canister was 
being lowered into the storage vault using lifting and rigging equipment, the licensee’s personnel 
failed to notice that the canister was misaligned and was not being properly lowered.  The 
licensee continued to lower the rigging and lifting equipment until it believed that the canister 
had been fully lowered to the bottom of the storage vault.  However, a radiation protection 
technician identified elevated radiation readings that were not consistent with a fully lowered 
canister.  The licensee then identified that the loaded spent fuel canister was hung up on a 
metal flange near the top of the storage vault, preventing it from being lowered, and that the 
rigging and lifting equipment was slack and no longer bearing the load of the canister.    
 
In this circumstance, with the important to safety (ITS) rigging and lifting equipment completely 
down in the lowest position, the ITS equipment was disabled from performing its designed 
safety function of holding and controlling the loaded canister from a potential canister drop 
condition.  The licensee reported that the canister was resting on a metal flange within the 
storage vault.  It was estimated that the canister could have experienced an approximately 
17-18 foot drop into the storage vault if the canister had slipped off the metal flange or if the 
metal flange failed.  This load drop accident is not a condition analyzed in the dry fuel storage 
system’s Final Safety Analysis Report (FSAR). 
 
In response to the discovery that the canister was not fully lowered, the licensee took immediate 
actions to restore control of the load to the rigging and lifting devices.  The estimated time the 
canister was in an unanalyzed credible drop condition was approximately 45 minutes to 1 hour 
in duration.  The licensee regained control of the load, repositioned the canister, and lowered 
the canister into the storage vault.  The licensee halted all dry fuel storage movement 
operations in order to fully investigate the incident and develop corrective actions to prevent a 
recurrence.  In addition, the licensee has shared the operational experience with another site 
with a similar dry fuel storage system. 
 
Region IV became aware of the SONGS “near-miss” incident on Monday, August 6, 2018, when 
the licensee provided a courtesy notification and described it as a “near-miss” or “near-hit” 
event.  The reporting requirements of the incident are still being evaluated by the Region and 
discussed with the licensee. 
 
On August 7 and 16, 2018, Region IV and NMSS representatives participated in conference 
calls with licensee representatives in order to gather additional facts regarding the 
circumstances of the incident and the licensee’s investigation.  Region IV is evaluating the 
information provided by the licensee and is coordinating with the Division of Spent Fuel 
Management, NMSS.   
 
The NRC is chartering this special inspection pursuant to Management Directive 8.3, “NRC 
Incident Investigation Program,” and NRC Inspection Manual Chapter 0309, “Reactive 
Inspection Decision Basis for Reactors.” 
 
The purpose of the inspection is to investigate the occurrence; interview personnel; observe 
equipment; and review relevant documentation, including the results of the licensee’s 
investigation and causal analysis, and development and implementation of actions to prevent 
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recurrence.  The licensee has committed to not resume fuel loading operations until after this 
special inspection and associated reviews are complete.  Once the licensee has confirmed its 
plans to resume fuel loading operations, inspectors will also observe the loading operations to 
ensure that the corrective actions are adequate.  These observations may be conducted as part 
of this special inspection or as an independent inspection activity, as directed by regional 
management. 
 
SCOPE 
 
The inspection should seek to address the following items at a minimum:   
 

1. Identify and review all pertinent records, documents, and procedures related to the 
licensee’s downloading operations at the ISFSI pad including but not limited to: worker 
training and qualifications; rigging equipment qualification, testing, and preventative 
maintenance; and lifting equipment qualification, testing, and preventative maintenance.  
Evaluate the adequacy of the above noted procedures, worker training and equipment 
testing and preparation. 
 

2. Evaluate the adequacy of the loading procedure(s) with respect to verification of MPC 
movement, centering the MPC over the ISFSI vault, lowering the MPC, and positioning 
the MPC within the ISFSI vault.  Interviews with personnel involved in the ISFSI loading 
operations should be conducted to evaluate licensee and contractor communications 
between crane/VCT operators, rigging and spotting staff, cask loading supervisors, 
radiation protection staff, and licensee oversight personnel.  Evaluate the adequacy of 
pre-job briefings that may have taken place prior to fuel loading operations. 
 

3. Review and evaluate the licensee’s immediate corrective actions taken after the event for 
adequacy of notifications to the licensee and safety assessments performed immediately 
following the event.  Review the licensee’s inspection documentation and/or analysis to 
determine whether the vault’s divider shell experienced any damage that would inhibit the 
component from performing its designed safety function. 
 

4. Based on the review of procedures and interviews of personnel involved with loading 
operations, evaluate the adequacy of procedure adherence. 
 

5. Interview personnel associated with the event to develop a timeline to ensure the 
licensee’s investigation contained all necessary information to identify all contributing 
factors and develop adequate corrective actions.   
 

6. Review the licensee’s root cause investigation results, to determine whether the review 
thoroughly identified all contributing factors and that final corrective actions will be 
adequate to prevent reoccurrence.  Evaluate whether prior operational experience 
relating to complications or issues associated with canister downloading operations was 
identified and considered as part of the licensee’s root cause investigation and corrective 
action development.   
 

7. Review the licensee’s planned actions that will address the point loading condition that 
was experienced by the affected canister.  If applicable, review the licensee’s analysis 
that demonstrated the canister will continue to perform as designed for continued storage 
OR review licensee’s inspection plan to safely remove or lift the canister from the vault to 
support inspection of the bottom of the canister to demonstrate the canister did not 
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receive any damage that would inhibit the component from continuing to perform as 
designed.   
 

8. Investigate the licensee’s procedures for reportability to the NRC and determine if the 
licensee made the correct decision regarding notifications made to the NRC for this 
event.   
 

9. As directed by regional management, observe resumption of fuel loading operations to 
verify that corrective actions were effective in addressing deficiencies that contributed to 
the event.  This should include evaluation of procedure and/or equipment enhancements; 
review or observation of training and briefings provided to riggers, crane operators, 
spotters and observers, supervisors and other personnel involved in fuel loading 
operations. 
 

10. Determine if the inspection should be elevated to an AIT and promptly notify regional 
management of any recommendation to escalate the special inspection to an AIT. 

 
GUIDANCE 

 
The NRC is chartering this special inspection pursuant to Management Directive 8.3, “NRC 
Incident Investigation Program,” and NRC Manual Chapter 0309, “Reactive Inspection Decision 
Basis for Reactors.”  The Manual Chapter and Management Directive identify Inspection 
Procedure 93812, “Special Inspection,” for specific use in reviewing events.  Planned Dates of 
Inspection are September 10-14, 2018. 
 
This inspection should emphasize fact-finding in its review of the circumstances surrounding the 
near-miss canister drop event.  Safety concerns identified that are not directly related to near-
miss drop event should be reported to NRC management for appropriate action. 
 
Daily briefings with NRC management should occur to discuss the team’s progress and 
preliminary observations. 
 
In accordance with Manual Chapter 0610, a report documenting the results of the inspection 
should be issued within 30-45 days of the completion of the inspection. 
 
This Charter may be modified should NRC inspectors find significant new information that 
warrants review.  Should you have any questions concerning this charter, please contact 
Janine F. Katanic at 817-200-1151. 
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November 22, 2019 
 
 
Mr. Doug Bauder 
 Vice President and Chief Nuclear Officer 
Southern California Edison Company 
San Onofre Nuclear Generating Station 
P.O. Box 128 
San Clemente, CA  92674-0128 
 
SUBJECT: SAN ONOFRE NUCLEAR GENERATING STATION INDEPENDENT SPENT FUEL 

STORAGE INSTALLATION (ISFSI) INSPECTION REPORT 050-00206/2019-003, 
050-00361/2019-005, 050-00362/2019-005, 072-00041/2019-001 

 
Dear Mr. Bauder: 
 
This letter refers to the U.S. Nuclear Regulatory Commission’s (NRC’s) unannounced 
inspections conducted from July 2019 through September 2019, of the dry cask storage 
activities associated with your Independent Spent Fuel Storage Installation (ISFSI).  The NRC 
inspectors discussed the results of this inspection with you and other members of your staff 
during a final telephonic exit meeting conducted on October 21, 2019.  The inspection results 
are documented in the enclosure to this letter.   
 
The inspections examined activities conducted under your license as they relate to safety and 
compliance with the Commission’s rules and regulations and with the conditions of your license.  
Within these areas, the inspection consisted of selected examination of procedures and 
representative records, observations of site meetings, performance of independent radiation 
measurements, and interviews with personnel.  Specifically, the inspections reviewed 
compliance with the requirements specified in the Holtec International HI-STORM UMAX 
Certificate of Compliance No. 1040 and the associated Technical Specifications, the HI-STORM 
UMAX Final Safety Analysis Report (FSAR), and Title 10 of the Code of Federal Regulations 
(CFR) Part 72, Part 50, and Part 20.   
 
During the on-site inspections, the NRC observed and confirmed that site personnel completed 
all required corrective actions identified through causal evaluations for the August 3, 2018, 
canister misalignment incident to return to fuel loading and transfer operations.  Specifically, the 
NRC inspectors conducted unannounced on-site inspections to evaluate the classroom training, 
pre-operational training exercises, and a significant number of fuel loading, processing, and dry 
cask storage transfer evolutions.  The NRC inspectors concluded the corrective actions were 
effectively implemented to ensure the safe transfer of spent fuel to the site’s ISFSI.   
 
Based on the results of these inspections, the NRC documented one violation of NRC 
requirements.  The violation was determined to be a Severity Level IV violation of low safety 
significance under the NRC’s traditional enforcement process.  The NRC is treating this violation 
as a non-cited violation (NCV) consistent with Section 2.3.2.a of the NRC Enforcement Policy.   
If you contest the violation or significance of the NCV, you should provide a response within 30 
days of the date of this inspection report, with the basis for your denial, to the U.S. Nuclear 
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D. Bauder  2 
 
Regulatory Commission, ATTN: Document Control Desk, Washington, DC 20555-0001, with 
copies to: (1) the Regional Administrator, Region IV, and (2) the Director, Office of Enforcement, 
U.S. Nuclear Regulatory Commission, Washington, DC 20555-0001. 
 
In accordance with 10 CFR 2.390 of the NRC’s “Agency Rules of Practice and Procedure,” a 
copy of this letter, its enclosure, and your response if you choose to provide one, will be made 
available electronically for public inspection in the NRC Public Document Room or from the 
NRC’s Agencywide Documents Access and Management System (ADAMS).  ADAMS is 
accessible from the NRC’s Website at http://www.nrc.gov/reading-rm/adams.html.  To the extent 
possible, your response should not include any personal privacy or proprietary information so 
that it can be made available to the Public without redaction.   
 
If you have any questions regarding this inspection report, please contact Lee Brookhart at 
817-200-1549, or the undersigned at 817-200-1249. 
 
 Sincerely, 
 
 /RA/ 
 
 
 Greg Warnick, Chief 
 Reactor Inspection Branch 
 Division of Nuclear Materials Safety 
 
 
 
 
 
Docket Nos.: 50-206; 50-361; 50-362; 72-041 
License Nos.: DPR-13; NPF-10; NPF-15 
 
Enclosure:   
Inspection Report 050-00206/2019-003;  
050-00361/2019-005; 050-00362/2019-005;  
072-00041/2019-001 

w/Attachment 
 
cc w/enclosure: 
A. Bates, SONGS 
L. Bosch, SONGS 
W. Matthews, SONGS 
G. Perez, CA Dept. of Health 
D. Hochschild, CA Energy Commission 
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Enclosure 

U.S. NUCLEAR REGULATORY COMMISSION 
 

REGION IV 
 

Docket Nos.: 50-206; 50-361; 50-362; 72-041 
 

License Nos.:  DPR-13; NPF-10; NPF-15 
 

Report No.:  050-00206/2019-003; 050-00361/2019-005;  
050-00362/2019-005; and 072-00041/2019-001 

 
Enterprise Identifier: I-2019-005-068; I-2019-001-0133 
 
Licensee:  Southern California Edison Company 

 
Facility: San Onofre Nuclear Generating Station  

 
Location:  San Clemente, CA 92674-012 

 
Inspection Dates: On-site: July 1-3, 8, 10-11, 15-18, and 22-28; August 12-14, 19-23, 

and 28; and September 24, 2019         
  

Exit Meeting Date: October 21, 2019 
 

Inspectors: Lee Brookhart, Senior ISFSI Inspector 
 Reactor Inspection Branch 
 Division of Nuclear Materials Safety, Region IV 
 

Eric Simpson, CHP, Health Physicist 
Reactor Inspection Branch  
Division of Nuclear Materials Safety, Region IV 

 
W. Chris Smith, Reactor/ISFSI Inspector 
Reactor Inspection Branch  
Division of Nuclear Materials Safety, Region IV 

 
Marlone Davis, Senior Inspector 
Inspections and Operations Branch 
Division of Fuel Management, HQ NMSS 

 
Accompanied by: Vincent Gaddy, Acting Deputy Director 
   Division of Nuclear Materials Safety, Region IV 
 
 
Approved By:  Greg Warnick, Chief 

Reactor Inspection Branch 
Division of Nuclear Materials Safety, Region IV 
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EXECUTIVE SUMMARY 
 

NRC Supplemental Inspection Report 050-00206/2019003; 050-00361/2019005; 
050-00362/2019005; and 072-00041/2019001  

 
On July 1-3, 8, 10-11, 15-18, and 22-28; August 12-14, 19-23, and 28; and September 24, 
2019, the U.S. Nuclear Regulatory Commission (NRC) performed a series of unannounced 
on-site inspections of dry fuel storage activities of the Independent Spent Fuel Storage 
Installation (ISFSI) at the decommissioning San Onofre Nuclear Generating Station (SONGS) 
in San Clemente, California.  The on-site inspections were augmented through in-office 
review of the licensee’s condition reports, records, procedures, and other materials gathered 
and provided prior to and after the on-site portion of the inspections through October 21, 2019.  
The scope of the inspection was to evaluate and review the licensee’s actions related to the 
resumption of fuel transfer operations from the Unit 2 and Unit 3 spent fuel pools to dry storage 
following an extended stoppage in loading due to the August 3, 2018, canister misalignment 
incident.  For additional discussions and evaluations of the August 3, 2018, incident, see the 
NRC Special Inspection Report 050-00206/2018-005, 050-00361/2018-005, 
050-00362/2018-005, and 072-00041/2018-001 and Notice of Violation and NRC Supplemental 
Inspection Report 050-00206/2018-006, 050-00361/2018-006, 050-00362/2018-006, 
and 072-00041/2018-002 (NRC’s Agencywide Documents Access and Management System 
(ADAMS) Accession Nos. ML18341A172 and ML19190A217, respectively). 

 
During the on-site inspections, the NRC observed and confirmed that the licensee completed all 
required corrective actions from the licensee’s causal evaluations to return to fuel loading 
operations.  Dry cask storage operations were performed in an atmosphere that was free from 
schedule pressures with an emphasis on procedure adherence.  The NRC inspectors verified 
that the corrective actions implemented were effective to ensure the safe transfer of spent fuel 
to the site’s ISFSI.    

 
Operation of an Independent Spent Fuel Storage Installation, IP 60855 

 
• Several on-site evaluations of the licensee’s classroom training lessons and pre-operational 

dry run training exercises were completed by the inspectors during the inspection period.  
The inspectors confirmed the corrective actions from the licensee’s causal evaluations were 
adequately implemented regarding licensee oversight, enhanced procedures, and use of 
new equipment and personnel.  The completion of training and dry run exercises of 
personnel and the demonstration of the newly implemented oversight structure confirmed 
the licensee was effective in implementing all corrective actions to ensure the safe 
resumption of fuel loading operations. (Section 1.1) 

 
• The inspectors completed numerous unannounced on-site inspections of the licensee’s 

return to fuel loading operations.  The inspections included near 24-hour coverage to 
evaluate and observe the critical tasks associated with the licensee’s spent fuel loading, 
processing, and downloading operations.  The inspectors confirmed the workers were 
qualified and trained under the licensee’s new training program.  The procedures utilized in 
the transfer operations contained the new quantitative and qualitative steps to ensure 
important tasks were adequately accomplished.  During downloading evolutions, the 
licensee’s operations contained the required new personnel, new equipment, and additional 
oversight to safely place a canister into the UMAX ISFSI.  The inspectors determined the 
licensee was adequately implementing all required corrective actions from the causal  
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evaluations and the status of the canisters during downloading was constantly monitored 
and properly handled to avoid any possible misalignment issues. (Section 1.2) 

 
• The inspectors determined that the licensee was placing all relevant identified issues into 

the Southern California Edison Corrective Action Program (CAP).  A large detailed list of 
issues placed into the site’s CAP was reviewed by inspectors and it was determined that the 
site had established a low threshold of identifying concerns/issues and placing them into the 
CAP for proper review and resolution.  A few of the issues placed into the licensee’s CAP, 
during the inspection period, are further discussed in this report.  From all the condition 
reports reviewed, the inspectors determined the licensee was taking adequate corrective 
actions to resolve the issues and were appropriately performing reviews for extent of cause 
and extent of condition when required. (Section 1.3) 

 
Follow-up of Events and Notices of Enforcement Discretion, IP 71153 
 
• The inspectors documented one Severity Level IV, non-cited violation (NCV) related 

to Licensee Event Report (LER) 2018-002-0 (ADAMS Accession No. ML19050A170), 
which was previously reviewed and discussed in NRC Supplemental Inspection 
Report 072-00041/2018-002.  Specifically, the violation related to the licensee’s failure to 
conduct past low-profile transporter operations, from January 2018 through August 2018, in 
accordance with the station’s site-specific seismic analysis.  The NRC determined that the 
finding was of low safety significance since the licensee had performed an additional 
analysis for a revision to the LER 2018-002-1 (ADAMS Accession No. ML19221B590), 
which bounded any potential contact that could have occurred during a postulated seismic 
event.  The inspectors concluded that the potential impact from adjacent structures (such as 
light posts) to the conveyance and the loaded transfer cask during a postulated seismic 
event would not have exceeded any design basis requirements.  The licensee had restored 
compliance prior to resumption of fuel loading activities by revising the transportation 
procedure to ensure requirements from the site-specific seismic analysis were clearly 
followed and painted lines along the ISFSI haul path to provide visual boundaries during 
spent fuel transport operations.  The original and revised LERs are closed. (Section 2.2) 

 
Review of 10 CFR 72.48 Evaluations, IP 60857 

 
• Safety screenings had been performed in accordance with the licensee’s procedures 

and 10 CFR 72.48 requirements.  All screenings and evaluations reviewed were determined 
to have been adequately evaluated. (Section 3.3) 
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REPORT DETAILS 
 

Summary of Plant Activities 
 
The San Onofre Nuclear Generating Station (SONGS) Independent Spent Fuel Storage 
Installation (ISFSI) consists of two ISFSI designs located adjacent to each other: the Orano 
Transnuclear (TN) Nuclear Horizontal Modular Storage (NUHOMS) system and the Holtec 
International Storage Module Underground Maximum Capacity (HI-STORM UMAX) system. 
 
The TN ISFSI contains a total of 63 advanced horizontal storage modules (AHSMs) on the 
NUHOMS ISFSI pad.  Fifty-one of the AHSMs are loaded with the stainless steel dry shielded 
canisters (DSCs).  Spent fuel from all three reactors are stored in 50 of the AHSMs.  Greater-
than-Class-C (GTCC) waste from the Unit 1 reactor decommissioning project was stored in 
the 51st module.  The twelve empty AHSMs will be available for storage of additional GTCC 
waste from the decommissioning Units 2 and 3 reactors.  The 24PT1-DSCs (Unit 1 fuel) are 
loaded and maintained under Amendment 0 of Certificate of Compliance (CoC) No. 72-1029 
and the 24PT4-DSCs (Units 2 and 3 fuel) are loaded and maintained under Amendment 1 
of CoC No. 72-1029.  Both CoC amendments were being maintained under NUHOMS Final 
Safety Analysis Report (FSAR), Revision 5. 
 
The HI-STORM UMAX ISFSI portion was designed to hold 75 Holtec multi-purpose canisters 
(MPCs).  The Holtec MPC-37 canister design can hold 37 pressurized water reactor fuel 
assemblies in accordance with UMAX CoC No. 72-1040, Amendment 2; HI-STORM UMAX 
FSAR, Revision 4; and the HI-STORM Flood and Wind (FW) FSAR, Revision 5.  The licensee 
had 35 canisters stored at the UMAX ISFSI at the end of inspection period.  Dry cask storage 
operations had resumed in July 2019, after an 11-month safety stand-down in operations 
following an August 3, 2018, canister misalignment incident at the UMAX ISFSI.   

 
1 Operation of an Independent Spent Fuel Storage Installation (IP 60855) 
 
1.1 Dry Run and Training Evolutions 
 

a. Inspection Scope  
 
The NRC performed numerous unannounced on-site inspections to evaluate, observe, 
and assess the licensee’s corrective actions following the 11-month stop in fuel 
movement due to the August 3, 2018, canister misalignment incident.  
 
On July 1-3, 8, and 10-11, 2019, the inspectors observed the licensee successfully 
complete specific pre-operational dry runs and training of crew personnel on the 
procedures that were revised based on corrective actions from the licensee’s causal 
evaluations.  These dry run demonstrations and training qualifications for crew personnel 
were targeted on specific evolutions from the revised Procedures HPP-2464-400, “MPC 
Transfer at SONGS,” Revision 22 and HPP-2464-500, “MPC Unloading at SONGS,” 
Revision 8.     
 
The dry run operations observed by the NRC included MPC simulator travel inside the 
transfer cask on the low-profile transporter from the fuel building along the delineated 
haul path to the UMAX ISFSI pad, transfer of the transfer cask from the low-profile 
transporter to the vertical cask transporter (VCT), travel of the VCT up and onto the  
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ISFSI pad, alignment and securing of the transfer cask to the mating device, and 
downloading/uploading of the MPC simulator into and out of the UMAX ISFSI vault. 

 
In addition, inspectors periodically observed classroom training while on-site and verified 
worker qualifications for crews performing dry run training and for workers that had 
previously completed the exercises. 

 
b. Observations and Findings 

 
The inspectors observed six classroom training lessons under the newly implemented 
training program.  The classroom training was established to qualify the workers to 
perform fuel transfer operations.  The classroom training contained detailed discussions 
and presentations to ensure all qualified workers understood and were knowledgeable of 
the changes made in the licensee’s transport procedures.  The training reviewed the 
licensee’s new oversight structure in place, the new equipment that was required to be 
used, and the new personnel additions, including their roles and responsibilities.  The 
classroom attendees were attentive, and the classroom environment was interactive with 
the students actively participating throughout the lessons.    
 
During the observed dry run evolutions, the inspectors were able to observe 
implementation for several layers of corrective actions as described in the licensee’s 
causal evaluations.  Licensee oversight personnel were present at all times during MPC 
simulator transfer operations as required by the revised oversight task guides.  
Additional crew personnel and newly implemented canister monitoring equipment 
(camera, video monitors, and load monitoring devices) were successfully utilized during 
the training evolutions.  The crew followed the new procedures to complete the dry runs.  
The downloading procedure was revised to include new quantitative and qualitative 
steps that ensured important tasks were adequately accomplished. 
 
All licensee identified observations, concerns, and issues gathered during the dry run 
training exercises were captured and placed into the licensee’s corrective action 
program (CAP).  The collection of action reports (ARs) were reviewed by the inspectors 
and were confirmed to be adequately resolved.  Resolution of items included additional 
procedural revisions to enhance the process and additional training on subjects for the 
crew.  The inspectors confirmed the licensee’s attention to placing issues into the site’s 
CAP was appropriate and the licensee had established a low-threshold to properly 
identify, address, and correct issues of concern which could lead to conditions adverse 
to quality.   

 
c. Conclusions 

 
Several on-site evaluations of the licensee’s classroom training lessons and 
pre-operational dry run training exercises were completed by the inspectors during 
the inspection period.  The inspectors confirmed the corrective actions from the 
licensee’s causal evaluations were adequately implemented regarding licensee 
oversight, enhanced procedures, use of new equipment and personnel, and placing 
issues into the licensee’s CAP.  The completion of training and dry run exercises of 
personnel and the demonstration of the newly implemented oversight structure 
confirmed the licensee was effective in implementing all corrective actions to ensure the 
safe resumption of fuel loading operations.  
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1.2 Spent Fuel Loading Operations 
 

a. Inspection Scope 
 
This ISFSI inspection included near 24-hour coverage of the loading operations for the 
critical tasks associated with the licensee’s first few canister loading and transfer 
operations.  Inspectors from NRC Region IV office and NRC’s Headquarters’ Division of 
Fuel Management observed operations to evaluate and confirm the licensee’s corrective 
actions were being implemented and were effective to ensure safe processing and 
transport of spent fuel to the site’s ISFSI.  The inspectors reviewed selected procedures 
and records to verify ISFSI operations were compliant with Holtec CoC No. 72-1040 
license Technical Specifications and the Holtec UMAX FSAR. 
 
On July 15-18, 2019, inspectors observed the transport and downloading of MPC #30 
into the SONGS UMAX ISFSI.  This canister had been seismically restrained and stored 
in the Unit 3 fuel building since the August 3, 2018, canister misalignment incident.  The 
NRC inspectors observed operations which included transport of the loaded transfer 
cask to the UMAX ISFSI and downloading of the canister into the UMAX ISFSI vault.   
 
On July 22-28, 2019, inspectors observed the loading of MPC #31 in the SONGS Unit 2 
fuel building.  This was the first complete fuel loading operation conducted at SONGS 
since the August 3, 2018, canister misalignment event.  The inspectors observed and 
evaluated critical evolutions which included 24-hour coverage on fuel movements and 
fuel verification, heavy lifts associated with the fuel building crane, welding and 
nondestructive testing of the canister lid-to-shell closure operations, hydrostatic pressure 
testing, forced helium dehydration, helium backfill, vent/drain port cover welding and 
nondestructive testing, helium leak testing, radiological surveys, transport of the loaded 
transfer cask, and downloading of the canister into the UMAX ISFSI vault.   
 
On August 12-14, 19-23, and 28, 2019, inspectors followed-up on the status of site 
activities and observed the loading of MPC #32.  The inspectors provided near 24-hour 
coverage of the loading operations which included fuel preparation activities, spent fuel 
movements, heavy lifts associated with the fuel building crane, welding and 
nondestructive testing of the canister lid-to-shell weld, hydrostatic pressure testing, 
forced helium dehydration, helium backfill, vent/drain port cover welding and 
nondestructive testing, helium leak testing, radiological surveys, transport of the loaded 
transfer cask, and downloading of the canister into the UMAX ISFSI vault.  
 
On September 24, 2019, inspectors reviewed the status of condition reports that had 
been initiated for recent dry cask storage operations, observed activities related to the 
processing of MPC #35, and observed the preparations for transport of MPC #34 which 
was scheduled to be downloaded during the week.   

 
b. Observations and Findings 

 
Throughout the numerous unannounced on-site inspections, the inspectors confirmed 
that corrective actions associated with the causal evaluations from the August 3, 2018, 
canister misalignment incident were adequately implemented and effective during the 
site’s return to fuel transfer operations.  The inspectors reviewed selected training 
records to verify work personnel had completed the new training requirements prior to 
participating in the operations.  Through interviews with the crew and loading operation 
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supervisors, the inspectors confirmed individuals were knowledgeable and competent in 
their designated roles and responsibilities.  The inspectors verified that pre-job briefs and 
on-the-job-site drills were conducted and contained pertinent information to ensure the 
crews were prepared to perform and accomplish the critical tasks of each operation.    

 
The inspectors confirmed that revised loading procedures contained the enhanced 
procedure requirements identified and corrected during the causal evaluation period.  
These procedure enhancements provided quantitative and qualitative steps to ensure 
important tasks were adequately accomplished.  Additionally, the licensee had 
performed numerous procedure revisions to capture additional lessons learned from the 
dry run exercises to enhance the loading operations.  The inspectors observed that the 
dry cask storage operations were performed in an atmosphere that was free from 
schedule pressures with an emphasis on procedure adherence.  During all observed 
downloading operations, the site adequately implemented all previously identified 
corrective actions to ensure a misalignment during downloading was avoided or properly 
resolved. 
 
The inspectors observed and evaluated that the licensee was implementing the new 
oversight strategies as described in the site’s oversight program.  The inspectors 
observed that the licensee implemented multiple layers of oversight participation and 
provided direct surveillances on all critical activities.  The oversight program consisted of 
three layers of contractor surveillance.  The initial layer of licensee oversight was 
comprised of a contractor technical representative (CTR) which worked alongside each 
of the vendor’s Cask Loading Supervisors (CLS) to perform the work activities.  The 
CTR served in a role of assisting the contractors to meet common goals, facilitate a look 
ahead perspective, assist with implementation of procedure and safety enhancements, 
provide coaching, steer evolutions to correct discovered gaps, help resolve issues, and 
identify areas of improvement.   
 
The second layer of oversight consisted of an oversight specialist (OS).  Each shift 
contained multiple OSs to provide surveillances and assessments on critical activities 
which were defined in the SCE Procedure G-XV93-PTP, “Pool to Pad Desktop Guide.”  
The OS responsibility includes, evaluating vendor performance for adherence to 
procedures, capturing issues to place into the corrective action program, providing a 
holistic approach to ensure conditions different than normal would be recognized, 
documenting concerns and lessons learned, ensuring the resolution of issues placed in 
the licensee’s CAP, and conducting paired observations and peer observations of other 
oversight personnel.  
 
The third layer of oversight included personnel from SCE’s nuclear quality oversight 
office which performed independent oversight surveillances and assessments on the 
vendor’s, the CTRs’, and the OSs’ activities.  The inspectors confirmed that each layer of 
oversight was participating, surveilling, and assessing, as required in the operations that 
the NRC observed.  The inspectors observed that the licensee had established an 
oversight program that was highly effective in ensuring all activities followed the required 
procedures, addressed issues of concern and placed issues adverse to quality into the 
CAP, identified weaknesses and trends that could be improved, and thoroughly took 
responsibility to ensure operations were performed in a safe and controlled manner.   
 
During the downloading operations, the inspectors confirmed that the operations 
included the additional trained personnel which were strategically placed in key locations 
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on man-lifts and on and around the VCT to ensure monitoring of the canister was 
accomplished as it was lowered into the UMAX vault.  The downloading crews utilized 
the new load monitoring equipment (camera, video monitor, load sensing shackles, 
wireless headsets, and wireless weight monitoring) to ensure the weight of canister, the 
position of the canister, and the status of lowering was always known and properly 
communicated to the crew, supervisors, and oversight.  The process to move the spent 
fuel canister into the UMAX ISFSI was performed in a safe manner over several hours 
while using the licensee’s enhanced procedures and careful observations by the 
required licensee oversight individuals. 

 
c. Conclusions 

 
The inspectors completed numerous unannounced on-site inspections of the licensee’s 
return to fuel loading operations.  The inspections included near 24-hour coverage to 
evaluate and observe the critical tasks associated with the licensee’s spent fuel loading, 
processing, and downloading operations.  The inspectors confirmed the workers were 
qualified and trained under the licensee’s new training program.  The procedures utilized 
in the transfer operations contained the new quantitative and qualitative steps to ensure 
important tasks were adequately accomplished.  During downloading evolutions, the 
licensee’s operations contained the required new personnel, new equipment, and 
additional oversight to safely place a canister into the UMAX ISFSI.  The inspectors 
determined the licensee was adequately implementing all required corrective actions 
from the causal evaluations and the status of the canister during downloading was 
constantly monitored and properly handled to avoid any possible misalignment issue.    

 
1.3  Corrective Actions 

 
a. Inspection Scope 

 
The inspectors reviewed licensee and vendor corrective action reports that had been 
initiated since the NRC supplemental inspection that concluded in June of 2019.  The 
inspectors reviewed the reports to ensure the issues were being properly addressed, 
resolved, and the extent of condition or the extent of cause were determined.  
Additionally, inspectors reviewed the reports to determine if the licensee had addressed 
causal evaluation corrective actions which included lowering the threshold to place 
issues into the CAP and that all ISFSI vendor issues on-site would be captured in 
the SCE CAP.   

 
b. Observations and Findings 

  
The licensee implemented corrective actions to ensure all ISFSI issues with the 
possibility of being averse to quality were placed into SCE’s CAP.  The inspectors 
reviewed a large list of ARs that had been initiated since the last NRC inspection.  The 
detailed list of issues placed into the site’s CAP demonstrated the site had established a 
low threshold of identifying concerns/issues and placing them into the CAP for proper 
review and resolution.  During classroom training lessons, the inspectors verified the 
new training material included presentations to the crew, supervisors, and oversight to 
contain a heightened attention for identifying problems and placing them into the SCE 
CAP.   
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The inspectors selected ARs for additional review and observed that the conditions 
described in the ARs were properly addressed, the resolutions were identified to contain 
the proper corrective actions, and the resolutions addressed extent of condition and 
extent of cause, when required.  Noteworthy condition reports selected by the inspectors 
for additional follow-up are described below. 

 
Mating Device Closure 

 
One condition report, AR 0719-60949, documented a procedural violation that occurred 
after the downloading of MPC #30 had been completed on July 18, 2019.  During the 
evolution to remove the Transfer Cask from the stack up configuration, an individual 
from the cask loading crew inadvertently allowed a portion of their body to cross under 
the cone of influence of the suspended heavy load (empty transfer cask).  The Cask 
Loading Supervisor (CLS) immediately suspended operations to make the required 
notifications, initiate condition reports, and discuss the worker’s actions with licensee 
oversight and the crew.  During a stand-down meeting to discuss the industrial safety 
issue with the crew, licensee senior oversight personnel and vendor senior supervisors 
questioned the CLS if the mating device drawer was in a fully open or partially open 
position.   
 
Licensee Procedure HPP-2464-400 contained a conservative limit on the time frame that 
the mating device drawer could be closed.  Steps 7.7.8 - 7.7.12 required that the “Mating 
Device must be removed, or the drawer [fully] opened to establish air cooling [for the 
MPC] within 4 hours,” following downloading and after removing the transfer cask from 
the stack-up configuration.  The CLS was aware of the 4-hour time limitation but had 
directed the crew to close the drawer approximately half way during the break period for 
foreign material intrusion concerns.  Once it was identified that the drawer was only 
partially opened, and did not meet the procedure requirement to be fully open, the 
licensee took immediate corrective actions to fully open the drawer to comply with the 
procedure.   
 
The licensee estimated that the drawer had been either closed or partially opened for a 
timeframe of 4 hours and 38 minutes which exceeded the 4-hour time limit in the 
procedure.   
 
The licensee took immediate corrective actions to place the issue of failing to follow 
procedure requirements into their corrective action program.  In addition, the licensee 
initiated an event investigation, requested a thermal evaluation from the vendor, and 
provided training to the cask loading crew and loading oversight staff.    
 
The new thermal analysis from the vendor was initiated to verify the canister did not 
exceed any design basis limit and evaluate whether the 4-hour procedure time limit for 
the Mating Device drawer position was appropriate.  The UMAX FSAR Section 4.4 and 
Table 4.1.2 stated the design basis canister (highest thermal canister) would have a 
peak cladding temperature of 693 oF under normal long-term operations inside the 
UMAX vault.  The canisters loaded at SCE were well below that maximum kW limit 
(30 kW was the maximum canister loaded at SONGS verses the allowed maximum 
design basis of approximately 34 kW).  The analysis provided by the vendor 
demonstrated that with the drawer fully closed for 8 hours, the peak cladding 
temperature, based on the site-specific heat loads, would only rise 27 oF from the 
steady-state condition.  This analysis verified that an 8-hour time limit would still maintain 
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peak cladding temperatures well below NRC’s dry canister peak cladding temperature 
limits of 752 oF.  Additionally, the thermal evaluation confirmed that MPC #30 had never 
approached nor exceeded any design basis limit from the FSAR.       
 
The inspectors reviewed results of the event investigation, the new thermal analysis, 
actions taken to train the crew, and the revisions to the procedure.  The inspectors 
confirmed that the partial-closure of the drawer for 38 minutes beyond the conservative 
time-limit placed in the licensee’s procedure, had no effect on the condition of spent fuel 
and did not cause the canister to exceed any normal operating temperature limit 
described in the FSAR.  Additionally, the licensee’s procedure change to extend the 
time-limit to 8 hours was acceptable and would still preclude a canister from exceeding 
any established design basis limit described in the FSAR.   
 
The NRC determined this failure to follow a procedure requirement constitutes a minor 
violation that is not subject to enforcement action in accordance with the NRC’s 
Enforcement Policy.  This procedure violation was minor because the limit exceeded 
was a conservative limit.  The FSAR normal operating temperature limits were never 
approached and the safety significance of exceeding the procedural limit was minor.   
 
Multi-Purpose Canister Storage 
 
During the inspection period, one issue the inspectors closely monitored involved the 
discovery of rainwater inside some of the unused MPC-37 canisters that were stored at 
the SONGS site.  The two storage areas used at the site included a laydown area inside 
the owner controlled protected area (PA) and a staging area in Parking Lot #4, adjacent 
to the site.  Both locations were outdoors and subject to ambient environmental 
conditions. 
 
An SCE oversight individual, while performing routine surveillances of Holtec’s activities, 
initiated AR 0119-19778 in January 2019 which detailed that water had been observed 
pooling and collecting on the covers of MPCs stored on-site at SONGS, at both storage 
locations.  The licensee determined that the possibility of water intrusion into MPCs 
being stored at SONGS needed to be addressed and evaluated for impacts to MPC 
cleanliness and storage requirements.   
 
The likelihood of rainwater intrusion into stored MPC canisters was considered to be low 
because the MPCs were wrapped in several layers of polymer vapor barrier, had a water 
tight cap installed, and included a water proof tarpaulin cover that was folded completely 
over the tops of the stored MPCs.  This low likelihood was supported by an initial 
investigation of an MPC with pooling water on its cover that was inspected in the owner-
controlled PA.  The inspection showed that no water or corrosion products were present 
inside of that MPC.  Based on those preliminary results, the licensee and Holtec 
determined that water intrusion was not a problem for any of the other MPCs stored at 
SONGS.   
 
However, starting in April 2019, the licensee initiated several condition reports that 
identified that some of the protective barriers and coverings on the MPCs had failed.  
Specifically, the licensee discovered moisture behind the green vapor barrier sheeting 
during inspections performed by the licensee.  Further inspection identified that the 
Velcro closures in the MPC tarpaulin covers had failed under the pressure of rainwater 
pooling on top.  The pooling rainwater seeped past the Velcro closures and into the MPC 
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cavity.  The licensee’s investigation determined that the protective covers used for the 
on-site storage of the MPCs failed due to environmental conditions during their 
prolonged (eleven month) time outdoors.  The water identified inside the MPCs had the 
potential to create adverse conditions, therefore, the condition reports required that an 
engineering evaluation be performed to determine the effects of moisture intrusion on all 
MPCs in long term storage and to determine a solution for the problem. 
 
The canisters stored at SONGS were in the possession of Holtec International, the dry 
cask storage vendor performing pool to pad spent fuel services for the licensee.  All 
unused staged canisters were required to be controlled in accordance with Holtec’s 
Quality Assurance Program.  The licensee, SCE, takes possession of the spent fuel 
canisters as they are placed into service to store the licensee’s spent fuel.  As such, the 
licensee performed its inspections of the MPC storage conditions through its contractor 
oversight role.  The licensee worked with Holtec to address the identified issues.  
 
Holtec Procedure HSP-315, “Packaging Shipping Storage of Fabricated and Finished 
Products,” Revision 12, detailed the storage requirements for MPCs.  The MPCs at 
SONGS were to be stored in accordance with the requirements of ANSI 45.2.2, 
“Packaging, Shipping, Receiving, Storage, and Handling of Items for Nuclear Power 
Plants,” Level C requirements.  For Level C storage, Holtec Procedure Step 6.4.3.7.a, 
stated that items stored in a marine environment shall be stored in a temperature and 
humidity-controlled building to prevent condensation.  However, Step 6.4.3.7.b states 
that if indoor storage facilities are unavailable, items shall be thoroughly wrapped in a 
vapor barrier to prevent moisture intrusion.   
 
Holtec issued a condition report (FCR 2464-1417) to address the discovery of degraded 
MPC protective coverings at SONGS.  Holtec issued Response to Request for Technical 
Information (RRTI) 2464-072 which contained recovery actions that required MPC 
cleaning and flushing operations.  Holtec directed the use of Holtec Procedures 
HSP-314, “Cleaning of Fabricated Component and Finished Products,” Revision 14, 
and HPP-2464-622, “MPC Cleaning at SONGS,” Revision 0, to return the canisters to a 
Class C cleanliness level as required by ANSI N45.2.1 criteria. 
 
Holtec initiated an MPC flushing, cleaning, and inspection operation to return the MPC 
canisters to vendor delivered specifications.  The canister cleaning operations took place 
in an open area near the turbine deck so that the turbine deck crane could be used to lift, 
upend, and manipulate the MPC canisters that required flushing and cleaning.  The 
MPCs were strapped into an Up-Ender, a rig configured to allow the MPC to be fully 
supported during crane manipulations.  The crane allowed the MPC to be positioned 
onto cribbing that tilted the MPC opening slightly downwards so that the water used in 
the flushing operations could freely flow into a catch basin.  Flushing took place at 
SONGS using deionized water.  The water collected in the catch basin was sampled 
after the flushing was complete.  The water was chemically analyzed to ensure there 
was no unacceptable chemical contaminates left after the flushing operations.   
 
The inspectors observed the condition of MPCs being stored at SONGS on 
August 12-14, 2019.  At the time of the NRC inspection, Holtec had completed the 
inspection activities for 14 MPCs of approximately 42 MPCs stored in Parking Lot #4 and 
in the owner-controlled PA.  Ten of the 14 MPCs had standing water at the bottom of the 
fuel basket.  The standing water ranged from 0.5 to 24 inches.  The inspectors observed 
some cleaning operations during its August 19-23, 2019, fuel loading inspection at 
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SONGS.  During these inspections, NRC verified the rainwater and any possible 
particulates were removed during the flushing operations.  The cleaned MPCs were 
being assessed using ANSI N45.2.1 standards prior to being returned to storage or used 
in fuel loading operations. 
 
The inspectors concluded that the licensee was performing frequent and thorough 
surveillances of activities on-site.  The licensee was capturing potential issues and 
adequately resolving those issues through the site’s CAP.  The actions to clean, flush, 
analyze, and disposition the canister to meet all applicable requirements prior to use 
were effective and adequate.     
 
In response to the water intrusion issues, NRC identified a potential issue regarding 
Holtec’s adherence to Holtec Procedure HSP-315, “Packaging, Shipping, and Storage of 
Fabricated and Finished Products,” Revision 12, that occurred at the SONGS site.  The 
inspectors determined that dry cask storage vendor, Holtec, was responsible for MPC 
storage activities at the site.  As such, NRC Region IV has forwarded this issue of 
concern to the Inspection and Oversight Branch, Division of Fuel Management, for 
review. 

 
c. Conclusions 

 
The inspectors determined that the licensee was placing all relevant identified issues 
into the SCE CAP program.  A large detailed list of issues placed into the site’s CAP 
was reviewed by inspectors and it was determined that the site had established a low 
threshold for identifying concerns/issues and placing them into the CAP for proper 
review and resolution.  The inspectors further determined the licensee was taking 
adequate corrective actions to resolve the issues including a review for extent of cause 
and extent of condition when required.   

 
2 Follow-up of Events and Notices of Enforcement Discretion (IP 71153) 
 
2.1 Inspection Scope 

 
The inspectors evaluated licensee events to verify the licensee’s response and 
corrective actions were adequate to restore compliance.  The inspectors reviewed 
licensee event reports (LERs) to ensure the reports were timely, accurate, included the 
required information, and that the required corrective actions had been completed.   

 
2.2 Observations and Findings   
 

a. (Closed) Licensee Event Report 2018-002-0 and 2018-002-1, Spent Nuclear Fuel 
Transport Conveyance Vehicle Operated Outside Obstacle Clearance Limits 

 
Licensee Event Report 2018-002-0, dated February 14, 2019 (ADAMS Accession 
No. ML19050A170) was previously discussed in the NRC Supplemental Inspection 
Report dated July 9, 2019 (ADAMS Accession No. ML19190A217).  In the LER, the 
licensee identified that transporter’s center of gravity was not maintained within 
limitations specified in the site’s specific analysis and operations had been conducted 
too close to adjacent structures (light posts).  These past operations were determined to 
be outside the calculated clearance limits specified in the site’s seismic analysis.  The 
licensee identified that the site procedures, at the time, did not provide sufficient detail to 
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comply with the seismic stability calculation.  No actual seismic incidents or collisions 
with obstacles occurred during past fuel transfer operations and there was no impact to 
plant personnel or public health and safety.  The LER 2018-002-0, at the time, described 
that an analysis was still in progress to determine if past operations were acceptable.   
 
On August 6, 2019, SCE issued an updated LER 2018-002-1 (ADAMS Accession 
No. ML19221B590) in accordance with 10 CFR 72.75(d)(1) and (g) for past operations 
of the low-profile-transporter.  The revised LER described that the licensee had 
performed additional seismic analysis and concluded that there were no safety 
consequences for traveling along the ISFSI haul route with reduced seismic clearances 
to adjacent structures and obstacles (light posts).  The NRC reviewed the LER revision’s 
additional analysis that bounded any potential contact that could have occurred to the 
transporter and transfer cask during a postulated seismic event and concluded that the 
potential impact would not exceed any design basis requirements.   
 
Inspectors found that the updated LER contained adequate content to be closed out in 
this inspection report.  No seismic events have occurred that resulted in damage to the 
low-profile-transporter or transfer cask during the fuel transfer campaign that began in 
January 2018.  The licensee’s failure to follow the site-specific seismic analysis, for past 
operations, was determined by inspectors to be a violation of NRC requirements 
(Section 2.2.b).  These LERs are closed. 

 
b. Finding Related to the Licensee's Event Report 

The licensee’s event notification EN #53798 documented that past low-profile 
transporter (HI-PORT) operations had not been conducted within the requirements of the 
original seismic evaluation HI-2167363, “Seismic Stability Analysis of HI-TRAC on 
HI-PORT at SONGS,” Revision 4.  At times the low-profile-transporter was operated 
outside of the 10-inch travel height restriction of the seismic analysis.  Also, the proximity 
distance to adjacent structures was never formally outlined along the haul path from the 
fuel buildings to the ISFSI pad.  Evaluation HI-2167363, Section 5.0, “Conclusions,” 
stated that the loaded HI-PORT height should be setup to have a maximum clearance 
of 10 inches between the dropdeck and haul path and a minimum clearance of 32 inches 
should be maintained between the outer edges of the HI-PORT and adjacent safety 
related structures or structures that may adversely affect the HI-PORT along the haul 
path at all times. 

Title 10 CFR 72.212(b)(3), requires, in part, that the general licensee shall ensure that 
each cask used conforms to the terms, conditions, and specifications of a Certificate of 
Compliance as listed in 10 CFR 72.214.  

Title 10 CFR 72.214 states, in part, that Certificate Number 1040 [Docket 
Number 072-01040] Amendment Number 2, effective date January 9, 2017, is an 
approved cask for storage of spent fuel under the conditions specified in the Certificate 
of Compliance for the Holtec HI-STORM UMAX Storage System. 

Certificate of Compliance 072-01040, Appendix B, Technical Specification 3.4.15 
requires, in part, the loaded transfer cask and its conveyance shall be evaluated to 
ensure, under the site-specific Design Basis Earthquake (DBE), that the cask and its 
conveyance does not tip-over or slide off the haul route.   
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Contrary to the above, from January 30, 2018, to August 3, 2018, the licensee failed to 
ensure the cask and its conveyance was evaluated under the site-specific DBE.  
Specifically, the licensee identified that past HI-PORT transportation operations were not 
evaluated under the site-specific DBE, since operations were conducted outside the 
height and stand-off requirements in seismic evaluation HI-2167363.   

This violation was dispositioned per the traditional enforcement process using 
Section 2.3 of the NRC’s Enforcement Policy.  The NRC determined that the finding was 
of low safety significance since the licensee had re-performed the evaluation, addressed 
the deviation that occurred, and demonstrated the canister and its conveyance would not 
have tipped over, slipped off, or experienced damage beyond design basis requirements 
along the haul route during those transportation operations due to being operated 
outside of the identified limits.  This finding was determined by inspectors to be of more 
than minor safety significance, since if left uncorrected, the deficiency could lead to a 
more significant safety concern.   

Consistent with the guidance in Section 1.2.6.D of the NRC Enforcement Manual, if a 
violation does not fit an example in the Enforcement Policy Violation Examples, it should 
be assigned a severity level: (1) commensurate with its safety significance; and 
(2) informed by similar violations addressed in the Violation Examples.  The violation 
was evaluated to be similar to a Severity Level IV violation in Enforcement Policy 
Section 6.1.d.1. 

The licensee entered the finding into its CAP as AR 1218-46759.  The licensee restored 
compliance, before fuel loading resumption activities, by (1) changing the transportation 
procedure to ensure requirements from the site-specific seismic analysis were clearly 
outlined and followed, (2) painting lines along the ISFSI haul path to provide visual 
boundaries that the HI-PORT operator should not cross during spent fuel transport 
operations, and (3) revising the site-specific seismic analyses to bound transportation 
operations conducted at the site.  Because the licensee entered the issue into its CAP, 
the safety significance of the issue was low, and the issue was not repetitive or willful, 
this Severity Level IV violation was treated as an NCV, consistent with Section 2.3.2.a of 
the Enforcement Policy (NCV 07200044/2019-001-01; “Failure to Ensure the Loaded 
Transfer Cask and its Conveyance was Evaluated Under the Site-Specific DBE” 
(10 CFR 72.212(b)(3)).   

2.3 Conclusions 
 
The inspectors documented one Severity Level IV, non-cited violation (NCV) related to 
the licensee's failure to conduct past transportation operations, utilizing the low-profile 
transporter, in accordance with the station’s site-specific seismic analysis.  The NRC 
determined that the finding was of low safety significance since the licensee had 
performed an additional analysis for a revision to the LER which bounded any potential 
contact that could have occurred during a postulated seismic event.  The inspectors 
concluded that the potential impact to the transfer cask would not have exceeded any 
design basis requirements.  The licensee restored compliance, prior to fuel loading 
resumption activities, by changing the transportation procedure to ensure requirements 
from the site-specific seismic analysis were clearly outlined and followed and revised the 
site-specific seismic analyses to bound transportation operations conducted at the site.  
The original and revised LERs are closed.   
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3 Review of 10 CFR 72.48 Evaluations (IP 60857)    
  

3.1 Inspection Scope 
 
The licensee’s 10 CFR 72.48 screenings and evaluations performed since the NRC’s 
last ISFSI inspection (ADAMS Accession No. ML19190A217) were reviewed to 
determine compliance with regulatory requirements.   

 
3.2 Observations and Findings   
 

The licensee’s 10 CFR 72.48 screenings and evaluations for ISFSI program changes 
since June 2019 were reviewed to determine regulatory compliance.  The licensee 
had performed a number of procedure revisions and some equipment or process 
changes under the 72.48 process since the last inspection.  NRC inspectors reviewed 
the 72.48 screens for those procedure changes and design change packages made 
within the ISFSI program.  None of the screens led to a full 10 CFR 72.48 safety 
evaluation.  All screenings were determined to be adequately evaluated.   

  
3.3 Conclusions 
 

All required safety screenings and safety evaluations had been performed in accordance 
with procedures and requirements of 10 CFR 72.48.  All screenings and safety 
evaluations reviewed were determined to have been adequately evaluated.  

   
4  Exit Meeting Summary 
 
 On October 21, 2019, the NRC inspectors presented the final inspection results to 

Mr. Doug Bauder, Vice-president and Chief Nuclear Officer, Southern California Edison 
and other members of the licensee’s staff.  The licensee acknowledged the issues 
presented.   
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SUPPLEMENTAL INSPECTION INFORMATION 
 

PARTIAL LIST OF PERSONS CONTACTED 
 
Licensee Personnel 
A. Bates, Regulatory and Oversight Manager 
M. Morgan, Regulatory and Oversight 
L. Bosch, Plant Manager 
T. Palmisano, former Vice President Decommissioning and Chief Nuclear Officer 
J. Pugh, Project Engineer 
K. Rod, General Manager Decommissioning Oversight 
J. Smith, Project Manager, Holtec 
K. Wilson, Engineer 
 
 

INSPECTION PROCEDURES USED 
 
IP 60855 Operation of an Independent Spent Fuel Storage Installation 
IP 71153 Follow-up of Events and Notices of Enforcement Discretion  
IP 60857 Review of 10 CFR 72.48 Evaluations 
 
 

LIST OF ITEMS OPENED, CLOSED, AND DISCUSSED 
 
Opened and Closed 
07200044/2019-001-01 NCV Failure to Ensure the Loaded Transfer Cask and its  

Conveyance was Evaluated Under the Site-specific 
DBE 

 
Closed 
2018-002-0 LER Spent Nuclear Fuel Transport Conveyance Vehicle  

Operated Outside Obstacle Clearance Limit, 
Revision 0 

 
2018-002-1 LER Spent Nuclear Fuel Transport Conveyance Vehicle  

Operated Outside Obstacle Clearance Limit, 
Revision 1 
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LIST OF ACRONYMS USED 
 

ADAMS  Agencywide Documents Access and Management System 
AHSM   Advanced Horizontal Storage Module 
ANSI   American National Standards Institute 
AR   SCE Action Request 
CAP   Corrective Action Program 
CFR   Code of Federal Regulations 
CLS   Holtec Cask Loading Supervisor 
CoC   Certificate of Compliance 
CTR   SCE Contractor Technical Representative 
DBE   Design Basis Earthquake 
DSC   Dry Shielded Canister 
EN   Event Notification 
FCR   Holtec Field Condition Report 
FSAR   Final Safety Analysis Report 
GTCC   Greater than Class C 
HI-STORM FW Holtec International Storage Module Underground Flood and Wind 
HI-STORM UMAX Holtec International Storage Module Underground Maximum Capacity 
IP   Inspection Procedure 
ISFSI   Independent Spent Fuel Storage Installation 
LER   Licensee Event Report 
NCV   Non-Cited Violation 
NRC   U.S. Nuclear Regulatory Commission 
NUHOMS  Nuclear Horizontal Modular Storage  
MPC    multipurpose canister 
OS   SCE Oversight Specialist 
PA   Protected Area 
RRTI   Response to Request for Technical Information 
SCE   Southern California Edison 
SONGS  San Onofre Nuclear Generating Station 
TN   Orano Transnuclear  
VCT   Vertical Cask Transporter 
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1Formerly entitled “Damaged Fuel.”
ISG-1, Rev. 2 1

Division of Spent Fuel Storage and Transportation
Interim Staff Guidance - 1, Revision 2

Classifying the Condition of Spent Nuclear Fuel for Interim Storage and Transportation
Based on Function1

Issue

This Interim Staff Guidance (ISG) provides guidance to the staff on classifying spent nuclear
fuel as either (1) damaged, (2) undamaged, or (3) intact, before interim storage or
transportation.  This is not a regulation or requirement and can be modified or superseded by
an applicant with supportable technical arguments.

Regulatory Basis

Fuel-Specific Regulations:

A fuel-specific regulation means a characteristic or performance requirement of the fuel
specifically named in the applicable Code of Federal Regulations (CFR).  These are regulations
that specify capabilities that the spent nuclear fuel (SNF) must have.  Examples include:

10 CFR 71.55(d) states, in part:  “A package used for the shipment of fissile material must be
so designed and constructed and its contents so limited that under the tests specified in
10 CFR 71.71 (‘Normal conditions of transport’)

(1) The contents would be subcritical.
(2) The geometric form of the package contents would not be substantially altered.”

10 CFR 72.44(c) states, in part: “Technical specifications must include requirements in the 
following categories:  (1) Functional and operating limits  . . .  (I) . . .  for an ISFSI or
MRS are limits on fuel or waste handling and storage conditions that are found to be
necessary to protect  the integrity of the stored fuel or waste container, to protect
employees against occupational exposures and to guard against the uncontrolled
release of radioactive materials . . . ”

10 CFR 72.122(h)(1) states:  “The spent fuel cladding must be protected during storage against 
degradation that leads to gross ruptures or the fuel must be otherwise confined such
that  degradation of the fuel during storage will not pose operational safety problems
with respect to its removal from storage.  This may be accomplished by canning of
consolidated fuel rods or unconsolidated assemblies or other means as appropriate.”

10 CFR 72.122(l) states:  “Retrievability.  Storage systems must be designed to allow ready 
retrieval of spent fuel,  . . .  for further processing or disposal.”
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System-Related Regulations:

A transportation and storage system must satisfy all applicable regulations in 10 CFR Parts 71
or 72.  A system-related regulation is a performance requirement placed on the fuel for the
system (i.e., transportation or storage cask) to meet a regulation that does not specifically
require performance capabilities of the SNF.  Examples include: 

10 CFR 71.55(e) states in part:  “A package used for the shipment of fissile material must be so 
designed and constructed and its contents so limited that under the tests specified in 10
CFR 71.73 (‘Hypothetical accident conditions’), the package would be subcritical.”  

Note:  This regulation does not place a specific requirement on the SNF.  However, if the
package requires the SNF to maintain its geometric configuration to ensure subcriticality, then a
function is imposed on the SNF.

10 CFR 72.122(h)(5) states:  “The high level radioactive waste and reactor related GTCC waste 
must be packaged in a manner that allows handling and retrievability without the release
of  radioactive materials to the environment or radiation exposures in excess of Part 20
limits . . . ”

10 CFR 72.124(a) states:  “Design for criticality safety.  Spent fuel handling, packaging, 
transfer, and storage systems must be designed to be maintained subcritical and to
ensure  that, before a nuclear criticality accident is possible, at least two unlikely,
independent, and  concurrent or sequential changes have occurred in the conditions
essential to nuclear criticality safety.  The design of handling, packaging, transfer, and
storage systems must include margins of safety for the nuclear criticality parameters
that are commensurate with the uncertainties in the data and methods used in
calculations and demonstrate safety for the handling, packaging, transfer, and storage
conditions and in the nature of the immediate environment, under accident conditions.” 

Note:  If the SNF must have certain characteristics or behave in a specified manner to maintain
the required margins, a function is placed on the SNF.

10 CFR 72.128 states in part:  “Spent fuel storage  . . .  must be designed to ensure adequate 
safety under normal and accident conditions.  These systems must be designed with
(2) suitable shielding for radioactive protection under normal and accident conditions,
(3) confinement structures and systems . . . ” 

Note: If proper functioning of the shielding or containment requires that the SNF maintain its
configuration, then a function is placed on the SNF.  

Applicability

This guidance applies to reviews of dry cask storage systems and transportation casks
conducted in accordance with NUREG-1536, “Standard Review Plan for Dry Cask Storage
Systems”  (January 1997); NUREG-1567, “Standard Review Plan for Spent Fuel Dry Storage
Facilities” (March 2000); or NUREG-1617, “Standard Review Plan for Transportation Packages
for Spent Nuclear Fuel” (March 2000).  This revision of ISG-1 supersedes any definitions of
damaged, grossly damaged, or intact fuel in the above Standard Review Plans. 
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This revision supersedes ISG-1, Revision 1, “Damaged Fuel,” in its entirety, and is applicable to
both as-built and reconstituted fuel assemblies.  

Definitions

1. Spent Nuclear Fuel (SNF) - See 10 CFR Part 72.3 for definition.  This term has been used
in the nuclear industry, at different times, to mean the fuel pellets, the rod, or entire fuel
assembly.  Unless specifically modified, the term will refer to both the rods and fuel
assembly.

2. Damaged SNF - Any fuel rod or fuel assembly that cannot fulfill its fuel-specific or
system-related functions.

3. Undamaged SNF - SNF that can meet all fuel-specific and system-related functions.  As       
shown in Figure 1, undamaged fuel may be breached.  Fuel assembly classified as  
undamaged SNF may have “assembly defects.”

4. Breached spent fuel rod - Spent fuel rod with cladding defects that permit the release of gas
from the interior of the fuel rod.  A breached spent fuel rod may also have cladding defects
sufficient to permit the release of fuel particulate. A breach may be limited to a pinhole leak
or hairline crack, or may be a gross breach.

5. Pinhole leaks or hairline cracks - Minor cladding defects that will not permit significant
release of particulate matter from the spent fuel rod, and therefore present a minimal as-
low-as-is-reasonably-achievable concern, during fuel handling and retrieval operations. 
(See discussion of gross defects for size concerns.)

6. Grossly breached spent fuel rod - A subset of breached rods.  A breach in spent fuel
cladding that is larger than a pinhole leak or a hairline crack.  An acceptable examination for
a gross breach is a visual examination that has the capability to determine the fuel pellet
surface may be seen through the breached portion of the cladding.  Alternatively, review of
reactor operating records may provide evidence of the presence of heavy metal isotopes
indicating that a fuel rod is grossly breached. (See discussion for size concerns.)

7. Intact SNF - Any fuel that can fulfill all fuel-specific and system-related functions, and that is
not breached.  Note that all intact SNF is undamaged, but not all undamaged fuel is intact,
since under most situations, breached spent fuel rods that are not grossly breached will be
considered undamaged.

8. Can for Damaged Fuel - A metal enclosure that is sized to confine one damaged spent fuel
assembly.  A fuel can for damaged spent fuel with damaged spent-fuel assembly contents
must satisfy fuel-specific and system-related functions for undamaged SNF required by the
applicable regulations.
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9. Assembly Defect - Any change in the physical as-built condition of the assembly with the
exception of normal in-reactor changes such as elongation from irradiation growth or
assembly bow.  Examples of assembly defects:  (a) missing rods; (b) broken or missing
grids or grid straps (spacers); and (c) missing or broken grid springs, etc.  An assembly with
a defect is damaged only if it can't meet its fuel-specific and system-related functions
required by the applicable regulations. 

Note:  See Appendix for default definition of damaged SNF.

Background

Damaged Fuel
 
Previous definitions of damaged fuel have identified specific characteristics of the fuel that
classify it as damaged, irrespective of whether the fuel is being stored or transported and
independent of the design of the storage or transportation system.  In this guidance, damaged
fuel is defined in terms of the characteristics needed to perform the fuel-specific and
system-related functions.  Thus, the characteristics of damaged spent fuel may depend on (1)
whether the fuel is being stored or transported, and (2) the design of the storage or
transportation system.

The materials properties, and possibly the physical condition, of a fuel rod or assembly can be
altered during irradiation, storage, or transportation.  If this alteration is large enough to prevent
the fuel or assembly from performing its fuel-specific or system-related functions during 
storage, transportation, or both then the fuel assembly is considered damaged. 

To determine whether a fuel assembly is undamaged, the following should be delineated: 

1) Whether the definition is applicable to storage, transportation or both;

2) The functions the applicant has imposed on the fuel rods and assembly by either fuel-
specific or system-related functions to meet a regulatory requirement for the designated
phase (storage, transportation, or both); 

3) The mechanisms of change (alteration mechanisms) or the characteristics of the fuel that
could potentially cause the fuel to fail to meet its fuel-specific or system-related functions;

 
4) An acceptable analysis showing that the fuel with the designated characteristics will meet

the fuel-specific and system-related functions when the mechanisms considered in item #3,
above, are evaluated; and 

5) The physical characteristics of the fuel, based on item #4, above, that could cause the fuel
or assembly to be classified as "damaged."

The "Discussion" section illustrates this methodology in the example. 

Damaged SNF, as defined in this guidance, will only be approved for the activity (storage,
transportation, or both) for which the application is being submitted.  Note that the "default"
definition of damaged SNF, derived from ANSI N14.33-2005, is provided in the appendix of this
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guidance for those that do not want to perform the assessment outlined in item numbers 1
through 5 above [2].  The default definition, however, may not take full advantage of the
flexibility of the performance-based definition of damaged fuel provided in this guidance.  This
default definition may be more restrictive than necessary, depending on the design of the
storage or transportation cask.  For example, the default definition of damaged SNF indicates
that SNF must be classified as damaged if an individual fuel rod is missing from an assembly. 
However, if an analysis shows that all fuel-specific and system-related functions will be met
(e.g., subcriticality will be maintained, that the SNF assembly will be retrievable and that the
structural properties of the assembly are not compromised by the missing rod) the assembly
may be classified as undamaged, per this ISG.

Discussion

The performance-based definition [3,4] of damaged SNF provided in this ISG minimizes the
quantity of damaged fuel requiring alternative handling paths, while still addressing applicable
system-related regulations concerning criticality control, thermal limitations, structural integrity,
confinement, and shielding.
 
A. Grossly Breached SNF Cladding 

The regulations in 10 CFR 72.122(h) state “The spent fuel cladding must be protected during
storage against degradation that leads to gross ruptures or the fuel must be otherwise confined
such that degradation of the fuel during storage will not pose operational safety problems with
respect to its removal from storage.”  However, there is no such requirement in 10 CFR 71. 
Hence, grossly breached fuel is always considered damaged for storage, but may, or may not,
be considered damaged for the purposes of transportation depending on whether other
regulations, such as criticality, can be met.  

In dry cask storage and transportation systems, a gross cladding breach should be considered
as any cladding breach that could lead to the release of fuel particulate greater than the
average size fuel fragment.  A pellet is ~1.1 centimeters in diameter in 15 x 15
Pressurized-Water Reactor (PWR) assemblies.  Pellets from a Boiling-Water Reactor (BWR)
are somewhat larger, and those from 17 x 17 PWR assemblies are somewhat smaller. The
pellet's length is slightly longer than its diameter.  During the first cycle of irradiation in-reactor,
the pellet fragments into 25-35 smaller interlocked pieces, plus a small amount of finer powder,
due to, pellet-to-pellet abrasion.  When the rod breaches, about 0.1 gram of this fine powder
may be carried out of the fuel rod at the breach site [5].  Modeling the fragments as either
spherical- or pie-shaped pieces indicates that a cladding-crack width of at least 2-3 millimeters
would be required to release a fragment.  Hence, gross breaches should be considered to be
any cladding breach greater than 1 millimeter.

A review of reactor operating records, ultrasonic testing, and sipping (if done in a timely
fashion) can be used to classify rods as unbreached or, breached.  Evidence of only gaseous or
volatile decay products (no heavy metals) in the reactor coolant system is accepted as evidence
that a cladding breach is no larger than a pinhole leak or hairline crack.  Records that show the
presence of heavy metal isotopes that are characteristic of fuel release in the reactor coolant
system indicate gross breaches in the cladding.  Likewise, visual examination may also be used
to determine if a cladding breach is gross, if the breached rod can be positively identified. 

SCE-SER 001772

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 132 of 295
(1806 of 2110)



ISG-1, Rev. 2 6

Because cladding openings larger than 1 millimeter should expose the fuel pellet to visual
sighting, visual examination of the breached rod can be used to determine if a breach is gross.  
However, visual examination is not an acceptable method of confirming intact (undamaged) fuel
for assemblies that have indicated leakage.

It should be noted; however, that undamaged spent-fuel rods with pinhole leaks and/or hairline
cracks will expose the fuel pellets to the canister or cask atmosphere.  If that atmosphere is
oxidizing, then the fuel pellet may oxidize and expand, placing stress on the cladding.  The
expansion may eventually cause a large split in the cladding, resulting in spent fuel that must be
classified as damaged (for storage and possibly also for transportation) due to gross breaches
in the cladding.  Since fuel oxidation and cladding splitting follow Arrhenius time-at-temperature
behavior, fuel rods with pinholes or hairline cracks that are exposed to an oxidizing atmosphere
may experience this type of additional cladding damage.  ISG-22 “Potential Rod Splitting Due to
Exposure to an Oxidizing Atmosphere During Short-Term Cask Loading Operations in LWR or
other Uranium Oxide Based Fuels” [6] provides information regarding prevention of this
phenomenon. Before handling undamaged rods with pinhole leaks and/or hairline cracks in an
oxidizing atmosphere, the potential fuel and cladding degradation at the temperature of interest
for the duration of the process should be assessed.

B. Fuel Assembly with Defects

Damage under this guidance refers to alterations of the fuel assembly that prevent it from
fulfilling its fuel-specific or system-related functions.  Defects such as dents in rods, bent or
missing structural members, small cracks in structural members, missing rods, etc., need not
be considered damaged if the applicant can show that the fuel assembly with these defects still
fulfils its fuel-specific and system-related functions.  This may be done using calculations based
on approved codes, situation-specific data, or reasoned engineering arguments.

C. Canning Damaged Fuel 

Spent fuel that has been classified as damaged for storage must be placed in a can designed
for damaged fuel, or in an acceptable alternative.  The purpose of a can designed for damaged
fuel is to (1) confine gross fuel particles, debris, or damaged assemblies to a known volume
within the cask; (2) to demonstrate that compliance with the criticality, shielding, thermal, and
structural requirements are met; and (3) permit normal handling and retrieval from the cask. 
The can designed for damaged fuel may need to contain neutron-absorbing materials, if results
of the criticality safety analysis depend on the neutron absorber to meet the requirements of
10 CFR 72.124(a).

D. Relationship of Spent Fuel Populations

The applicant will designate the population of spent fuel for which the cask system was
designed (e.g., type of fuel, minimum cooling time, burnup limitations, arrays, manufacturers,
cladding types, etc.)  This population may contain breached rods.  Some of these breached
rods may be grossly breached.  It may also contain assemblies with defects, such as missing
rods, missing grid spacers, or damaged spacers.  The populations of breached rods, grossly
breached rods, and assemblies with defects are determined by in-reactor behavior and ex-
reactor handling. 
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Each of these populations must be classified as damaged or undamaged after the storage or
transportation system has been designated.  For example, an applicant might propose the use
of air as a cover gas in its design of a storage cask.  The applicant might also propose this cask
for use in storing spent fuel with cladding breaches that are hairline cracks or pinhole leaks. 
However, if the spent fuel in the cask will operate at a sufficiently high temperature for a long
enough time, then oxidation of fuel pellets in breached rods could occur resulting in gross
breaches.  If this is the case, the breached spent fuel should be considered damaged because
grossly breached rods do not meet the requirements of 10 CFR 72.122(h)(1).  Also, in this case
because the geometric form of the package contents could be substantially altered, the spent
fuel would also be classified as damaged for transportation because the requirements of 10
CFR 71.55(d)(2) might not be met.  If an inert atmosphere was used instead of air, only grossly
breached rods would be considered damaged for storage.  This concept is illustrated in Figure
1, "Relationship of Spent Fuel Populations."

Figure 1 - Relationship of Spent Fuel Populations
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E. Example of Methodology    
 
The following example is given to illustrate the general methodology adopted in this ISG.  This
is only an example of the methodology and should not be construed as approved
characterization of damaged fuel.  

Example: 

Situation - The vendor of a dual-purpose cask wants to store and transport low-burnup PWR
fuel in an inert atmosphere and within the temperature limits recommended in ISG-11,
Revision 3, “Cladding Considerations for the Transportation and Storage of Spent Fuel” [7]. 
The vendor wants to store assemblies having rods with breaches containing only pinholes or
hairline cracks, and assemblies having one or more outer grid straps with defects at three or
more grid locations without canning them.  The vendor is only applying for a storage license at
this time but wants to be reasonably certain that the fuel will also be transportable.

Activity - Storage and transportation

Fuel-specific or system-related functions imposed on rods and assemblies - 10 CFR
72.122(h)(1), regarding gross ruptures, and 10 CFR 72.122(l), concerning retrievability, must be
met for storage.  10 CFR 71.55(d), requiring the system to remain subcritical and unchanged
during normal transport, must be met.  The vendor believes that all the remaining system
requirements, except for the subcriticality requirement, can be met, without imposing any
limitations on the fuel, if the fuel is within the bounds stated in the situation. 

Mechanisms - There are no mechanisms for the pinhole leaks and hairline cracks to evolve into
gross breaches since the atmosphere is inert and the temperature is controlled.  To be
retrievable, the assemblies with missing grid straps must be able to withstand design basis
events in a storage cask.  Since the applicant also wants these assemblies to be considered
undamaged for transportation, the behavior of the assemblies under both normal and
hypothetical accident transportation conditions in 10 CFR 71 must be evaluated.  For example,
for normal transportation conditions, the applicant must show that the assemblies with the most
missing grid straps in the worst locations can withstand both normal vibration and a one-foot
drop and remain in their original physical configuration.  Additionally, for hypothetical accident
conditions, the analysis must indicate, among other things, that the system will meet shielding
and subcriticality requirements when placed under the mechanical and thermal loads specified
in 10 CFR 71.

Analysis - The applicant conducts an analysis to satisfactorily demonstrate that the assembly
with three missing grid straps in the worst configuration remains intact for 1) normal 
transportation conditions; 2) cask tip-over; and 3) regulatory accident conditions.  Further
acceptable analysis indicates that all the system-related regulations are met, if the fuel with the
characteristic limitations (as noted in Characteristics section below), stays structurally intact.

Characteristics - Assemblies containing breached rods with up to three grid straps missing will
be considered undamaged for the purposes of storage.  Analysis shows that these assemblies
could probably also be considered undamaged for transportation, but fuel with these
characteristics will be evaluated and approved as part of a later application for the
transportation cask certification.
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Records

Records documenting the classification of spent fuel shall comply with the provisions of
10 CFR 72.174, “Quality Assurance Records”; 10 CFR 72.72, “Material Balance, Inventory,
and Records Requirements for Stored Material”; 10 CFR 71.91, “Records”; and 10 CFR 71.135, 
“Quality Assurance Records.”  Inspection records will be maintained for the lifetime of the
container.  

Quality Assurance

Activities related to inspection, evaluation, and documentation of damaged spent fuel for dry
storage shall be performed in accordance with a quality assurance program, as required in 
10 CFR Part 72, Subpart G, “Quality Assurance.”  Activities related to inspection, evaluation,
and documentation of damaged spent fuel for transport shall be performed in accordance with a
quality assurance program, as required in 10 CFR Part 71, Subpart H, “Quality Assurance.”

Recommendations

The staff recommends that:  (1) the definitions in NUREG-1536, NUREG-1567, NUREG-1617,
ISG-8, Revision 2 and ISG-11, Revision 3 be revised to incorporate the definitions listed above;
and (2) the appropriate chapters of each NUREG be revised to include the discussion section of
this ISG.

In addition, the suggestion in NUREG-1617 (canning damaged fuel is necessary for the
purposes of transportation) should be modified to be consistent with this ISG, nothing that
canning damaged fuel may, in some cases, be necessary to meet the requirements of 10 CFR
Part 71.

The words “intact fuel,” in the Applicability section of Revision 2 of ISG-8, “Burnup Credit in the
Criticality Safety Analyses of PWR Spent Fuel in Transport and Storage Casks,” should be
replaced with “undamaged fuel.”  “Intact commercial spent fuel" in the last paragraph of the
“Issue” section of Revision 3 of ISG-11, “Cladding Considerations for the Transportation and
Storage of Spent Fuel,” should read “undamaged commercial spent fuel.”  The first sentence of
the Issue Section of ISG-22 should be modified to be consistent with the current definitions. 
“Rev 1,” should be changed to “Rev 2,” with the new title to ISG-1 Rev 2 and “intact fuel” should
be changed to “unbreached fuel.”

Approved :
/RA/                                                May 11, 2007                                    
E. William Brach, Director Date
Division of Spent Fuel Storage
  and Transportation

Attachment:  Appendix

SCE-SER 001776

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 136 of 295
(1810 of 2110)



2Derived from ANSI Standard N14.33-2005, “Storage and Transport of Damaged Spent
Nuclear Fuel,” September 2005.
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APPENDIX

Default Definition of Damaged Fuel2 

“Default” definition of damaged Spent Nuclear Fuel (SNF) - SNF assemblies must be classified
as damaged, for both dry storage and/or transportation purposes, if any one of the following
conditions exist:  

On removal of SNF selected for dry storage or transport from the spent fuel pool, any of the
following apply:

 
1. There is visible deformation of the rods in the SNF assembly.  Note:  This is not

referring to the uniform bowing that occurs in the reactor.  This refers to bowing that
significantly opens up the lattice spacing. 

2. Individual fuel rods are missing from the assembly.  Note: The assembly may be
reclassified as intact if a dummy rod that displaces a volume equal to, or greater than,
the original fuel rod, is placed in the empty rod location.

3. The SNF assembly has missing, displaced, or damaged structural components such
that either: 

3.1 Radiological and/or criticality safety is adversely affected (e.g.,
significantly changed rod pitch).

3.2 The assembly cannot be handled by normal means (i.e., crane and
grapple).

4. Reactor operating records (or other records) indicate that the SNF assembly contains
fuel rods with gross breaches.

5. The SNF assembly is no longer in the form of an intact fuel bundle (e.g., consists of, or
contains, debris such, as loose fuel pellets or rod segments).
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 1 

P-R-O-C-E-E-D-I-N-G-S 2 

 6:00 p.m. 3 

FACILITATOR CAMERON:  Okay, good evening, 4 

everyone.  My name is Chip Cameron, and I'd like to 5 

welcome all of you to the public meeting tonight. 6 

I was going to make a joke and say welcome 7 

to the annual meeting of Local 89, but -- 8 

(Laughter.) 9 

Okay, but -- all right, all right. 10 

But we do have a serious topic tonight, and 11 

it's the decommissioning of the SONGS facility, and 12 

specifically, it's a meeting on what's known as the 13 

Post-Shutdown Decommissioning Activities Report.  14 

 We're going to try not to use many acronyms 15 

tonight.  We are going to use NRC, for Nuclear 16 

Regulatory Commission, and you're probably going to 17 

hear the term PSDAR -- that's the Post-Shutdown 18 

Activities Report, Decommissioning Activities Report. 19 

That document was submitted by Southern 20 

California Edison under the regulations that the NRC has 21 

for decommissioning, and you're going to hear a lot 22 

about that tonight. 23 

I just want to go through some meeting 24 

process items for you so that you know what to expect 25 
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tonight, and I'd like to tell you about what the 1 

objectives are for the meeting, what the format is going 2 

to be, and just some simple ground rules that will help 3 

us to have a productive meeting tonight. 4 

In terms of objectives for the meeting, one 5 

is to have the NRC provide you with a clear explanation 6 

of the NRC regulatory process for decommissioning, and 7 

the overview of what's in the PSDAR, the Southern 8 

California Edison document. 9 

We also have Tom Palmisano doing a 10 

presentation for us tonight to go over the specifics of 11 

the post-shutdown report, and we'll be hearing from a 12 

panel of speakers including Tom in a few minutes. 13 

So that's one objective, to clearly explain 14 

all that to you. 15 

Second objective is to hear any comments, 16 

concerns you might have, and to also answer some 17 

questions that you might have about the presentations.  18 

And our panel reflects all the different organizations 19 

that are involved for the NRC in decommissioning, and 20 

Larry Camper, our lead senior official, is going to 21 

explain that to you in a few minutes. 22 

I am going to have to ask your patience.  We 23 

are going to have all the presentations before we go out 24 

to you for questions so you can get the whole picture, 25 
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but we might be here for 45 minutes talking, not at you, 1 

but to you, and the speakers are going to try to keep 2 

it brief. 3 

But just let me ask your patience with that, 4 

and after that's done, we'll go out to you for questions 5 

and comments, and I would ask you to hold your questions 6 

until all the presentations are finished. 7 

In terms of ground rules, first of all, hold 8 

your questions.  Second of all, let's only have one 9 

person speaking at a time, whoever has the floor at the 10 

moment, whoever has the microphone.  And that's just 11 

very simply so that we can give our complete attention 12 

to whomever is talking at the moment. 13 

And I am going to have to ask you to be 14 

brief.  We're not going to be able to have lengthy 15 

presentations by you tonight.  We will have listened to 16 

your comments, but luckily, there's a relief valve -- 17 

if you don't get to say everything that you want to say 18 

tonight, the NRC is taking email, comments by email, on 19 

these issues, and they're also taking hard copy comments 20 

if you want to mail those in, and we'll put that address, 21 

the email address and the mail address up for you at -- 22 

all during the meeting, so that you can copy that down. 23 

And if your question or concern has already 24 

been raised or has been answered, if you could try not 25 
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to repeat that -- and I know sometimes that's difficult, 1 

because you want to chime in with what you have to say 2 

and sometimes it's a little different, but let's try to 3 

keep it to what is necessary. 4 

And the last ground rule is just please 5 

extend courtesy to everybody, and that goes for all of 6 

us, NRC, everybody.  Just be courteous.  You may hear 7 

opinions tonight that are different from your opinions, 8 

but just respect the person who is giving that opinion. 9 

And when we do get to the discussion 10 

session, after the presentations, I am going to call for 11 

people, raise your hand if you have something to say -- 12 

I am going to do it section by section, and that is 13 

because we are taking camera, web -- and that's going 14 

to be for a webcast, and that will be available on the 15 

NRC website, so if you want to see what was said, that 16 

is going to be your record of the meeting, and also the 17 

NRC's record of the meeting tonight. 18 

And I just thank you all for being here 19 

tonight, and I'm going to turn it over to Larry Camper. 20 

MR. CAMPER:  Thank you, Chip.  Welcome, 21 

everybody.  It's great to see such a great turnout, 22 

really.  Thank you for taking time out of your busy 23 

lives to come and be with us this evening.  24 

We were here last September, and I 25 
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commented at the time in my remarks what a beautiful 1 

place this is, and I can only repeat it again this 2 

evening.  You really do live in a lovely spot, so it's 3 

good to be with you. 4 

This evening we're going to conduct a 5 

meeting that is a required meeting by our regulations, 6 

and as Chip said, it's the Post-Shutdown 7 

Decommissioning Activities Report Meeting, or PSDAR. 8 

The meeting that we were here for last 9 

September was an outreach meeting, as compared to a 10 

required meeting.  So we're here to gather comments.  11 

We do have to share some information with you first, so 12 

bear with us as we do that. 13 

Good.  I mentioned we were here last 14 

September in an outreach meeting.  Heard a lot of good 15 

input from citizens, and we appreciated hearing all 16 

that.   17 

I'll cover the meeting agenda just briefly.  18 

In terms of facilitation, you know that Chip Cameron is 19 

going to be facilitating.  He shared with you the ground 20 

rules so we can have a productive and meaningful 21 

interface tonight. 22 

It's really about comments.  We do have 23 

some subjects to cover, but -- we want all of you to be 24 

aware of the same information at the same time, but it 25 
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really is about getting comments from all of you here, 1 

or as many of you as want to speak.  2 

We do have some meeting feedback forms 3 

outside on the table.  I would ask you to take time to 4 

complete the meeting feedback form.  We like to get some 5 

feedback as to how the meetings went, and did you find 6 

it valuable and useful. 7 

We will be adjourning at 9:00 p.m., we have 8 

the room contractually until 9:00 p.m., so we do have 9 

to stop at that point in time.  If we go over a few 10 

minutes, I don't think the hotel will come in here and 11 

run us out, but let's strive for that 9:00 p.m. 12 

objective. 13 

During the September meeting, it was a 14 

meeting that we initiated although it was not required 15 

by our regulations.  And we did that because there was 16 

a lot of things that had happened at this particular 17 

plant, and our agency, our chairman in particular, our 18 

senior management, all had an interest in seeing to it 19 

that we came out here, heard your concerns, and 20 

communicated about not only the decommissioning 21 

process, but anything that folks wanted to talk about, 22 

and we did that. 23 

At that time, we had a 24 

government-to-government meeting with local elected 25 
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officials during the day, we did that again today.  And 1 

we also had a meeting with non-government organizations 2 

at that time, and today we met with representatives from 3 

the Community Engagement Panel.  4 

Each of those meetings about an hour and a 5 

half in duration, and we found them to be indeed very 6 

useful, with much good input.  And I would -- I think 7 

it's fair to say that the elected officials and the 8 

Community Engagement Panel is listening.  They shared 9 

a lot of very good information with us. 10 

Last September, there were a myriad of 11 

topics that were talked about.  I put down two in this 12 

particular slide, fuel management -- and I am sure we'll 13 

hear about fuel management again this evening -- as well 14 

as decommissioning timing, when will decommissioning 15 

start, how long will it take, what are the guidelines 16 

and the regulations by which they have to carry out their 17 

decommissioning activities? 18 

For tonight, I want to start out by saying 19 

that I'm going to mention each of the speakers that are 20 

up here at the table tonight.  Each of these will be 21 

making a presentation.  22 

Chip alluded to the fact that our 23 

responsibility for decommissioning is spread out in 24 

several places, so we wanted to make sure we had the 25 
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right expertise here.  But I also want to point out --  1 

and I'd ask the NRC staff here, if you'd stand up for 2 

a moment and turn around and let the folks see you -- 3 

we have a number of NRC people here, and the reason for 4 

that is because we wanted to make sure we had the 5 

expertise here.  Thank you very much. 6 

And if some question comes up over the 7 

course of the evening that one of the staff feel that 8 

they can better answer, then they can certainly 9 

indicate, and we'll recognize them, and they'll do that. 10 

Also, we'll take a quick break, and we'll 11 

be here just for a little bit after the meeting.  Any 12 

of these folks are a source of information for you, 13 

especially if you're shy about getting up and asking 14 

questions or making comments during the program this 15 

evening. 16 

First is Bruce Watson.  Bruce will address 17 

the Post-Shutdown Decommissioning Activities 18 

Requirements.   19 

Next to him is Doug Broaddus, and Doug will 20 

cover the review, our review of the PSDAR, and the 21 

licensing status of the facility at this point in time. 22 

Al Csontos will address spent fuel safety. 23 

Ray Kellar, who is with Region IV, will 24 

address our inspection program. 25 

SCE-SER 001789

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 149 of 295
(1823 of 2110)



 11 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

And last but not least is Tom Palmisano, who 1 

is actually with the SONGS unit and will provide the 2 

contents of the PSDAR itself. 3 

I did also want to mention that of our staff 4 

sitting out here, Keith McConnell, Dr. McConnell, was 5 

the manager that was in charge of our recent waste 6 

confidence decision, our long-term storage rulemaking, 7 

and so Keith is prepared to answer some questions about 8 

that initiative if need be. 9 

Chip will lead us into our public comment 10 

session, and then at the end I like to make some summary 11 

comments and share what I call aha moments, things that 12 

we heard that were a big deal. 13 

So let me say that it's about our mission.  14 

Our mission, as you see on the slide, is to regulate the 15 

nation's civilian use of radioactive materials to 16 

protect public health and safety, promote the common 17 

defense, security, and protect the environment. 18 

That's our mission during operations.  19 

That remains our mission during decommissioning.  The 20 

entire decommissioning process will be carried out 21 

consistent with our regulations and our continuing 22 

regulatory oversight to achieve the objective that you 23 

see there on the slide defining our mission. 24 

I would also point out that there is a great 25 
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deal of interest, of course, in things environmental, 1 

environmental impacts.  There is a law called the 2 

National Environmental Policy Act of 1969, and we have 3 

regulations in our regulatory Part you see there, Part 4 

51.  This is where we carry out our regulatory 5 

responsibilities to fulfill the requirements of the 6 

National Environmental Policy Act. 7 

An important part of that is that the PSDAR 8 

contains an updated environmental report, and Tom will 9 

speak to the contents of that during his remarks. 10 

And then of course ultimately, when we 11 

ultimately receive a license termination plan for this 12 

facility, we will be conducting an environmental 13 

assessment as part of that licensing action. 14 

Our regulations for decommissioning are a 15 

set Part in Part 20, so Part E.  What's important is to 16 

-- what does the term mean.  The term means to remove 17 

as a facility safely from service, and reduce 18 

radioactivity to a level that permits release of the 19 

property for unrestricted use and termination of the 20 

license, or release of the property under restricted 21 

conditions and termination of the license. 22 

I would point out that no nuclear power 23 

plant to date has ever pursued the restricted release 24 

pathway, and the facility for SONGS 2 and 3 is not doing 25 
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that either, they're pursuing unrestricted release. 1 

In terms of the release criteria for 2 

unrestricted release, in order for a site to be suitable 3 

for release in an unrestricted manner, the dose that 4 

must be achieve is a total effective dose equivalent, 5 

or TEDE, of equal to or less than 25 millirem, and as 6 

low as reasonably achievable. 7 

And achieving that, that means the dose to 8 

the average member of the critical group, all pathways, 9 

including groundwater, and the period  of performance 10 

is for 1,000 years. 11 

You also see below it the dose criteria for 12 

restricted release.  I would note that the criteria is 13 

the same except that there are provisions in place for 14 

institutional controls, and some criteria if those 15 

institutional controls fail, but that's not being 16 

pursued here. 17 

Now when you see or you hear 25 millirem, 18 

what does that mean?  Well, let me give you something 19 

to think about. 20 

Millirem is a dose unit of exposure to 21 

people, radiation equivalent in man is what millirem 22 

stands for. 23 

If you get on an airplane in Los Angeles and 24 

you fly to New York, you get about three millirem.  The 25 
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natural background radiation in the United States, 1 

depending upon where you are, ranges from about 300 to 2 

600 millirem.   3 

There are places in the world, though, 4 

where the natural background radiation is much higher 5 

than that.  Saskatchewan, Canada comes to mind, about 6 

4,000 millirem per year.   7 

So at least when you hear that term now, 25 8 

millirem, you'll have some idea of what we're talking 9 

about. 10 

I would point out that while our criteria 11 

is 25 millirem and as low as reasonably achievable, the 12 

decommissioning of nuclear power plants to date have all 13 

achieved a level of exposure much lower than 25 14 

millirem, on the order of a few millirem, four, five, 15 

six millirem. 16 

This is a very important slide for you as 17 

members of the public.  In fact, I think it's probably 18 

the slide that, if I were you, I would be most interested 19 

in, because it tells you what happens in the process, 20 

and where in the process you have informational 21 

awareness, or where in the process you get a chance to 22 

make comments. 23 

On the left you see what the licensee is 24 

required to do.  In the center is what our agency does.  25 
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And on the right, of course, is the public. 1 

There's an initial notification that takes 2 

place.  It's a cessation of operations, and also a 3 

certification that the fuel has been removed from the 4 

reactor vessel. 5 

Then, there comes a decommissioning 6 

report.  That is the PSDAR.  That is why we are here 7 

tonight. 8 

Now you note that we review that, and we 9 

conduct a public meeting near the site, and you, the 10 

public, have an opportunity to comment. 11 

I do want to be clear, though, that we don't 12 

approve the PSDAR.  We review the PSDAR, and the 13 

licensee has to wait 90 days while we do that, while we 14 

carry out our review to ensure that our regulations are 15 

being satisfied, that the PSDAR is in fact adequate to 16 

satisfy those regulations.  We also go about the 17 

comment-gathering process, and we will consider your 18 

comments as we continue to carry out our review. 19 

Then actual decommissioning takes place.  20 

The reactor is completely decommissioned over a period 21 

of time, and Tom will specify tonight in his remarks how 22 

long this utility plans to take to accomplish that 23 

objective. 24 

And then the next major milestone in the 25 
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process is a submittal of a license termination plan.  1 

The utility will submit that license termination plan 2 

approximately two years before it desires to terminate 3 

its Part 50 license, that's the Part of our regulations 4 

that we use to regulate power plants, or to shrink the 5 

footprint to the remaining independent spent fuel 6 

storage installation pad. 7 

That process, that LTP, is something we do 8 

review, and either approve or deny, and I think very 9 

importantly for your awareness is that the LTP process 10 

is a licensing action that carries with it the 11 

opportunity to request a hearing. 12 

And if parties, or a party, requests a 13 

hearing and achieves standing, then we will carry out 14 

a hearing through our adjudicatory process. 15 

Then final decommissioning takes place, a 16 

number of final surveys are done, we conduct 17 

verification surveys, and all that information is 18 

available to you the public through the inspection 19 

reports that are generated as we go about monitoring the 20 

Final Status Surveys. 21 

And the Final Status Surveys are designed 22 

to achieve that dose standard that I cited a moment ago. 23 

This particular slide, the point of showing 24 

you this slide is to show you that we've decommissioned 25 
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a lot of sites.  We've decommissioned on the order of 1 

80 sites, including 11 nuclear power plants.  2 

We have a lot of experience, we have a lot 3 

of expertise, and not to sound puffy, because that's not 4 

my intention, but I just want you to know we have a lot 5 

of experience.  We've done this a number of times.  And 6 

we're going to bring all that expertise and experience 7 

to bear as we go about monitoring the decommissioning 8 

of this facility as well. 9 

There is a transition that goes on when we 10 

move from an operating power plant to a power plant in 11 

decommissioning.  We have a number of program 12 

responsibilities.  Just so you know who's on first, I 13 

put this slide in.  It shows you that the Office of 14 

Nuclear Reactor Regulation continues project 15 

management until the post-shutdown defueled technical 16 

specifications are issued, Doug will mention that a bit 17 

in his commentary. 18 

Then the project management is transferred 19 

to my division within the Office of Nuclear Material 20 

Safety and Safeguards, and we will shepherd it through 21 

the entire decommissioning process until the very end. 22 

Inspections continue to take place, and 23 

that's transferred to the Division of Nuclear Materials 24 

Safety and Safeguards from the Division of Reactor 25 
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Projects, and of course, Region IV will carry out that 1 

inspection activity, and you'll hear about that from our 2 

Region IV representative. 3 

And then, of course, support continues from 4 

the Nuclear Security and Incident Response Program 5 

within NRC. 6 

So I will stop there.  Bruce Watson will 7 

follow me and talk to you more about the PSDAR process.  8 

Bruce? 9 

MR. WATSON:  Thank you, and good evening, 10 

and thank you for all sharing your evening with us. 11 

The NRC regulations which Larry went over 12 

that carry decommissioning have been in place for over 13 

17 years.  Larry went into a little more detail on the 14 

Part 20, but the key factor for the reactor 15 

decommissioning is in Part 50, specifically 50.82.   16 

These regulations took into a lot of 17 

experience that we incurred over the years with some of 18 

the initial decommissioning of some reactors in the 19 

early 1980s and 1990s.  20 

Some of the key milestones from SONGS so far 21 

have been that they ceased operations -- permanently 22 

ceased operations on June 7, 2013.  We received the 23 

defueled certifications for the two units also during 24 

the summer of 2013, and on September 23, they submitted 25 
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the PSDAR for our review. 1 

We issued a public notice for that PSDAR, 2 

and of course the public -- the PSDAR is available in  3 

ADAMS, which is our agency-wide document system, and 4 

there's the number for putting that in off the public 5 

website. 6 

Our guidance allows three types of 7 

decommissioning options.  The first is DECON, which 8 

basically means you're going to do prompt remediation, 9 

you're going to begin fairly quickly after you 10 

transition the reactor to a state where it can be 11 

decommissioned. 12 

That transitioning typically takes one to 13 

two years, draining systems, isolating systems, 14 

isolating electrical systems and making the plant safer 15 

for disassembly. 16 

The second option is SAFSTOR, in which you 17 

can allow the plant to stay in a sort of a mothballed 18 

state for a number of years. 19 

And then ENTOMB, which we currently do not 20 

use and do not have any regulations for and no one has 21 

requested, and we don't expect anybody to request 22 

entombment, is another option, but not currently 23 

available. 24 

But the bottom line is radiological 25 
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decommissioning, and I stress the radiological 1 

decommissioning, which is what we regulate, the 2 

radioactive part of the decommissioning has to be 3 

completed within 60 years. 4 

Now San Onofre has chosen to do DECON in 5 

their PSDAR, so they're going to begin fairly quickly 6 

with their schedule that's in there. 7 

With the PSDAR from SONGS, though, they 8 

meet the three criteria that we're reviewing.  The 9 

first part, major requirement, is a description and 10 

schedule for the planned decommissioning activities, so 11 

it as a fairly high-level schedule on how they plan to 12 

accomplish the decommissioning.  13 

The purpose in this is to allow the NRC to 14 

schedule our resource to support inspection activities 15 

throughout the decommissioning to ensure that we're 16 

there for major activities where we think we should be 17 

there to ensure that the work is done safely. 18 

The second item that's required to be in a 19 

PSDAR is a site-specific decommissioning cost estimate, 20 

including the costs of managing the irradiated fuel.  21 

In most cases, this is a fairly extensive document and 22 

has good detail in it. 23 

The third thing is that the PSDAR must 24 

require -- is required to provide a discussion that 25 
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provides the means for concluding that the 1 

environmental impacts associated with the 2 

decommissioning will be bounded by the appropriately 3 

-issued Environmental Impact Statement.   4 

Now, we have a document called NUREG-0586, 5 

it's publically available.  It is the generic 6 

Environmental Impact Statement document where you can 7 

look at all the things that have been previously 8 

reviewed. 9 

The PSDAR regulations require that we hold 10 

a public meeting, which we are doing tonight.  We are 11 

here to hear your comments and hopefully answer your 12 

questions.  Like I said, the PSDAR is available for 13 

public comment.  You can find it, again, at that ADAMS 14 

number.  We also passed out a number of CDs for your use. 15 

We will accept written comments, like Larry 16 

said, and also ones from the website.   17 

The key thing here is that the licensee can 18 

begin major decommissioning 90 days after the PSDAR has 19 

been submitted to us. 20 

Lastly, I wanted to mention that we have 21 

continued our transition activities.  One of those 22 

transitioning activities is in the inspection area, and 23 

Senior Inspector Greg Warnick has been here a little 24 

over a year now, and will be here for the near term, as 25 
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part of that -- ensuring that the plant continues to be 1 

transitioned safely.   2 

And with that, I'd like to turn it over to 3 

Doug Broaddus, who is going to talk about the reviews 4 

for the PSDAR.  5 

MR. BROADDUS:  Thank you, Bruce. 6 

All right.  So I am here tonight to talk to 7 

you tonight about our review process for the PSDAR, but 8 

I am also going to talk about some of the other review 9 

activities that we have ongoing associated with SONGS, 10 

both their licensing actions that they have, and some 11 

other related activities that we have under review. 12 

As Bruce indicated, the -- our primary 13 

review is, you know, does the PSDAR contain the 14 

information that's required by the regulations?  And 15 

Bruce talked about specifically those requirements. 16 

The other area where we use as review 17 

guidance is in our Reg Guide 1.185.  It's a Guide that 18 

provides the standard format and content of the PSDAR.  19 

So we -- that provides more details as to what 20 

information we expect to have in the PSDAR. 21 

So the -- our review process, then, is that 22 

once we receive it, our project manager for the SONGS 23 

facility will send that out to all, and coordinate with 24 

the various different technical expertises that are 25 
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needed to look at the various different issues within 1 

the PSDAR. 2 

And our general process is, if there's 3 

additional information that we need to either confirm 4 

that it meets the requirements or that there's specific 5 

information that's missing that we need, we'll ask for 6 

additional information of the licensee. 7 

So what is our critera?  What do we look for 8 

specifically from the standpoint of the PSDAR?   9 

There are a number of things that could 10 

cause us to either need additional information on the 11 

PSDAR, or in fact, to possibly find it deficient. 12 

One is that it doesn't contain the 13 

information that's required in the regulations, if it 14 

doesn't provide all the information that's specifically 15 

required. 16 

The other is if the costs that the licensee 17 

have indicated would exceed the costs -- or the funding 18 

that they have available to them. 19 

Another would be if they are -- if they 20 

haven't fully described the process that they're going 21 

to follow, or the process that they have described is 22 

one that could not actually be implemented.  So we would 23 

-- that could cause us to have problems with that. 24 

The other would be that the schedule is -- 25 
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would not be completed within the 60 year required time 1 

frame that Larry mentioned earlier.  2 

The one caveat to that is if the NRC 3 

determines that there's a specific reason why a longer 4 

than a 60 year period would be necessary, for example 5 

to protect public health and safety for a particular 6 

reason, then that time period could be extended, but 7 

that's something that we would have to specifically 8 

review and authorize the licensee to go beyond the 60 9 

years. 10 

All right.  And the last thing, obviously, 11 

and the most important, is there -- are the activities 12 

going to endanger public health and safety?  13 

One example would be if there's no waste 14 

disposal facility available, do they have to -- would 15 

they -- well actually, I'm sorry that's for the 60 years.  16 

If there wasn't a waste disposal available for disposal 17 

of the material, it could be that they need to go beyond 18 

the 60 years. 19 

But from a health and safety standpoint, 20 

that's part of our criteria, just to make sure that the 21 

activities that they're doing are in compliance with our 22 

regulations and aren't in violation of our health and 23 

safety requirements. 24 

All right.  Next is, as part of the PSDAR, 25 
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a site-specific decommissioning cost estimate has to be 1 

provided, and this decommissioning cost estimate has to 2 

address the specific -- the overall cost of the 3 

decommissioning.  It has to provide a good 4 

understanding of the costs, the basis for those costs, 5 

and it has to ensure, you know, provide enough 6 

information to us to be able to say that they have 7 

reasonable assurance that they have funds available to 8 

complete their decommissioning activities. 9 

The other thing is if the licensee has to 10 

change their plans, or if they have unforeseen problems 11 

as they go through the decommissioning process, that 12 

they have a means of adjusting their cost estimate for 13 

identifying new, or identifying new funding mechanisms 14 

if they don't have enough money to pay for it. 15 

And that's -- from that perspective, we've 16 

heard the question of, so what happens if they get into 17 

that type of situation? 18 

So the licensee is required to maintain the 19 

level of funding.  If they have to change their plans, 20 

they have to revise their cost estimate in the PSDAR and 21 

submit that to us for a review, and we would look at that 22 

to ensure that they've come up with another funding 23 

mechanism or some other type of mechanism, or they've 24 

changed their approach to ensure that they're going to 25 
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have the funding available to complete the 1 

decommissioning activities. 2 

And these -- the licensee also has to submit 3 

a revision every year to this decommissioning cost 4 

estimate, so we're going to see changes as they're 5 

happening through the years, and so any problems that 6 

would occur, we would see them well before they would 7 

ever happen, and we would ensure that the licensee is 8 

taking action to adjust those.  9 

As Larry indicated before, NEPA is part of 10 

the environmental process, is part of our review.  In 11 

this case, the -- what the licensee would address in 12 

their PSDAR is that they've looked at the environmental 13 

impacts of the activities that they're going to take, 14 

they've looked at the previous environmental 15 

assessments that have been conducted, both for the site 16 

-- a site specific assessment that was done for the site 17 

as well as the generic final environmental assessment 18 

for decommissioning facilities -- looking at those to 19 

determine whether or not the environmental impacts they 20 

are going to incur for their activities would be bound 21 

by those prior estimates. 22 

And so they would have to provide the basis 23 

for why they believe that it's met within, that it's 24 

within those prior environmental impacts. 25 
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All right.  And the inspection we do have, 1 

as Bruce mentioned, we have an inspection program where 2 

they'll go out and they'll confirm that the activities 3 

they're doing are in accordance with the prior 4 

environmental impacts and that they have the 5 

appropriate analyses to support the fact that they don't 6 

believe that their activities are going to exceed those 7 

prior environmental impacts. 8 

All right.  So we are here tonight to get 9 

comments back from the public.  We are also going to be, 10 

as Chip indicated, we are going to be receiving 11 

additional comments for the 90 day period after we have 12 

gotten the PSDAR, which is through December 22. 13 

We'll take those comments and we'll look at 14 

them, we'll consider them in our review as we're 15 

reviewing the PSDAR.   16 

In particular, we would be looking to 17 

determine whether or not there is any health and safety 18 

impacts that would be encountered by their plan. 19 

If we have questions, we will ask 20 

additional information from the licensee, we will ask 21 

them to provide that additional information. 22 

We -- as Larry indicated, we don't approve 23 

the PSDAR, but we will document the completion of our 24 

review and determining, if we've determined that 25 
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there's no additional information necessary, and we'll 1 

document the resolution of the comments that we would 2 

receive. 3 

One thing that's important is the licensee 4 

cannot start major decommissioning activities until at 5 

least 90 days after the PSDAR has been received by the 6 

NRC.  That gives us the time period to review the 7 

document, to receive public comments, and to be able to 8 

review those and act on them. 9 

All right.  One of the other areas that we 10 

are reviewing, it's called the Irradiated Fuel 11 

Management Plan.   12 

Within two years after a licensee shuts 13 

down, they are required to submit to us an Irradiated 14 

Fuel Management Plan that addresses the costs of 15 

managing all spent fuel that's at the facility. 16 

And this is not -- it's not -- it's a 17 

separate document from the PSDAR, but there is a 18 

relationship between the two, because the 19 

Decommissioning Cost Estimate has to include the cost 20 

of managing the spent fuel. 21 

So although we're not asking specifically 22 

for comments on the Irradiated Fuel Management Plan, I 23 

wanted to make sure everybody understood that we are 24 

reviewing that as well.  And that document does need -- 25 
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was -- is required to be submitted for our review and 1 

preliminary approval. 2 

Our review on that will also look to ensure 3 

that they've got a good plan for managing the irradiated 4 

fuel and that they are able to account for the cost for 5 

that as well, that's part of it. 6 

And the other part of it is to ensure that 7 

their plan complies with all the requirements for 8 

possessing and storing irradiated fuel. 9 

I think that's it.  I'm sorry, I almost 10 

missed one. 11 

So there are other licensing actions that 12 

we're also doing for the plant right now.  So as the 13 

plant, once it shuts down, the plant transitions from 14 

an operating status to a decommissioning status.  So to 15 

do that, the licensee comes in and requests a number of 16 

licensing actions. 17 

Those licensing actions can either be 18 

submitted as a license amendment, they could be an 19 

exemption from a specific part of the regulations, or 20 

they could be a request to rescind an order or have 21 

relaxation of an order. 22 

So the types of requests that we've 23 

received are for changing the staffing levels of the 24 

plant, to change the type of personnel that they'll have 25 

SCE-SER 001808

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 168 of 295
(1842 of 2110)



 30 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

there to focus more on the spent fuel and 1 

decommissioning activities; changes to the license 2 

condition to address, to more focus on the managing of 3 

the fuel activities; there's also been requests to 4 

change the emergency preparedness activities given the 5 

shutdown condition and the defueled condition of the 6 

plant; and we've received requests for previous orders 7 

for the licensee to, also to rescind some of those 8 

previous orders. 9 

So those are the types of licensing actions 10 

that we've had, where we've approved a couple of them 11 

-- we're still in the process of reviewing a number of 12 

other ones, and we understand that the licensee is 13 

probably going to submit some more to us, and so I can't 14 

speak to those yet.  So that's it. 15 

MR. KELLAR:  Good evening, I'm Ray Kellar, 16 

I'm from Region IV.   17 

You've heard a little bit from Bruce and 18 

Doug, and you will be hearing from Al, about the 19 

regulations, the reviews for the licensing conditions, 20 

and also about safety reviews and evaluations here in 21 

a little bit, but I am going to talk about how it all 22 

comes together a little bit, and I am going to talk about 23 

the inspection program, particularly in Region IV, from 24 

a decommissioning and a spent fuel safety standpoint. 25 
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So how do we get safely from a operating 1 

plant to a plant that's been fully decommissioned?  As 2 

Larry mentioned, there's been the opportunity for the 3 

Nuclear Regulatory Commission to have oversight of, I 4 

believe he said, 11 nuclear plants over the last recent 5 

period.  6 

I know in Region IV, we've had several 7 

opportunities for decommissioning plants, specifically 8 

Trojan, which is near Portland, Oregon; SONGS Unit 1; 9 

and we're currently inspecting Humboldt Bay, which is 10 

in Northern California. 11 

So how do we assure compliance?  The NRC 12 

looks at the regulations, which is what we've been 13 

talking about; we look at the licensing-based 14 

conditions, including the technical specifications, 15 

decommissioning technical specifications; also 16 

guidance documents, which would be things such as 17 

NUREGs.  These are all part of the licensing basis which 18 

are a part of the inspection when the inspectors go out 19 

to do their work. 20 

Also, the safety reviews will be performed.  21 

Al will be talking some about the reviews, I am sure, 22 

relative to spent fuel storage.  And that leads down to 23 

the NRC inspection activities, where the inspectors go 24 

out using the regulations, using the licensing-based 25 
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documents, and they perform the inspections to ensure 1 

that the licensee is doing things in accordance with 2 

what is safe and what they have been approved to do. 3 

If we find that something is not right, then 4 

we will look at the NRC enforcement program and evaluate 5 

whether or not that would come into play. 6 

So the regional-based inspection 7 

activities will consist of inspection of the spent fuel 8 

pool.  We will generally look at the higher-risk 9 

activities, such as moving the fuel, such as loading the 10 

fuel into casks.  Those will get extra attention. 11 

During and after remediation activities, 12 

we will make sure that we're doing independent 13 

measurements to confirm the licensee's survey 14 

methodologies. 15 

Additionally, inspection activities will 16 

include the spent fuel, that's also in my branch, as well 17 

as a movement to the (inaudible), which includes a 18 

series of operational tasks and oversight of those 19 

activities. 20 

Physical security, while it's not my 21 

branch, will still be inspected according to the 22 

requirements.  And there are a number of inspection 23 

plans that include oversight of activities including 24 

licensee management and organization; review of the 25 
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license safety evaluations, so making sure that their 1 

50.59s have been done correctly; reviews of licensee 2 

self-assessments and audits; radiation exposures 3 

during decommissioning, transportation, and rad waste, 4 

making sure that all the requirements are met for that; 5 

as well as effluent environmental monitoring. 6 

So the objectives of the inspection program 7 

include the independent verification of the safety of 8 

the licensee's activities, the adequacy of the 9 

licensee's controls and programs, ensuring that safety 10 

programs are promptly identified and the licensee puts 11 

effective corrective actions into place, identifying 12 

violations that occur and utilizing the agency-enforced 13 

policy to make sure that those are disciplined 14 

correctly, as well as review and examine any trends that 15 

develop dealing with the licensee's safety performance. 16 

Using the inspection procedures, we 17 

planned some of the activities up to a year in advance, 18 

and the inspectors know what portion of those will occur 19 

at what time. 20 

Those activities are coordinated with 21 

headquarters.  We sometimes bring technical expertise 22 

along with us to the site to assist in those program 23 

inspections.  They may be announced or unannounced, 24 

quite often they're announced, but we have the 25 
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opportunity to do an unannounced inspection if there's 1 

a need to. 2 

We utilize inspection plans that document 3 

those procedures and those activities that we want to 4 

perform inspection activities of.  We have exit 5 

meetings at the end of each of the inspections where we 6 

do an exit with the licensee and present their findings 7 

at that time, and if there's any potential enforcement 8 

actions, those are also discussed. 9 

The inspection reports are normally issued 10 

30 days after the exit, that would be for a -- not a team, 11 

but a team inspection consisting of three or more 12 

inspectors would normally be 45 days after the exit with 13 

the licensee before that report is issued. 14 

The NRC enforcement policy, there is a link 15 

at the bottom of this slide that shows how you can get 16 

to the enforcement policy if you're interested in how 17 

the agency performs the enforcement activities. 18 

So what happens after the inspection?  19 

After the inspection, the inspectors come back to the 20 

region.  They brief the branch chief, and there is a 21 

debrief that includes NRC management where the findings 22 

are presented.  And if enforcement actions need to be 23 

taken, those are also discussed, along with the 24 

enforcement officer, and those activities are followed 25 
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through with. 1 

The inspection reports are available in 2 

ADAMS, those that are available publically.  Security 3 

reports, the details are not available, but the cover 4 

letter is usually available with ADAMS.  5 

You can go to the link that I show on the 6 

bottom half of this web -- this slide, and it shows how 7 

you can get to the ADAMS website, the document numbers 8 

-- docket numbers, are shown here as well, you can do 9 

a search using Advanced Search under those docket 10 

numbers using the website for ADAMS, and you can 11 

actually look up the inspection reports that way.  And 12 

we also track and follow-up on inspection reports. 13 

And that concludes my portion.  14 

MR. CSONTOS:  Hi, my name is Al Csontos.  I 15 

am the Chief of the Renewals and Materials Branch in the 16 

Division of Spent Fuel Management in the Office of 17 

Nuclear Material Safety and Safeguards. 18 

What does that all mean?  That's a 19 

long-winded title.  What we do is we develop and 20 

implement the licensing certification and inspection of 21 

spent fuel storage facilities, the dry cask storage 22 

systems, the radioactive material transportation 23 

packages, for the -- with the applicable regulations, 24 

10 CFR Part 71 for transportation, 10 CFR Part 72 for 25 
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storage. 1 

We also coordinate with federal agencies 2 

like the Department of Transportation, for example, for 3 

some of the transportation packages' certifications.  4 

Four international bodies, regulatory bodies, as well, 5 

IAEA, International Atomic Energy Agency, and our other 6 

colleagues around the world. 7 

Some of the things that we've learned in 8 

what we've done has been from our interactions with 9 

these international participants, and also Native 10 

American tribes. 11 

So what are these things?  These are spent 12 

fuel storage casks.  Over here at SONGS, you have the 13 

lower-left version.  It's a NUHOMS System 1029, okay, 14 

certificate of compliance. 15 

What they are is that once the fuel has been 16 

cooled in a spent fuel pool that are part of the reactor, 17 

it is loaded into these special canisters, for these 18 

canisters, they're stainless steel canisters, they're 19 

about 5/8ths of an inch thick, and they're designed for 20 

the specific fuel that's at these sites, these reactors 21 

-- either a pressurized water reactor or a boiling water 22 

reactor. 23 

The canisters are then vacuumed down, take 24 

all the water out, and they are backfilled with inert 25 
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gas.  That inert gas is usually helium, and it has a 1 

purpose of helping with the cooling of these canisters, 2 

and also to -- just to stop any kind of corrosion from 3 

occurring on the inside of the canisters. 4 

So they're welded, they're vacuum-checked, 5 

they're leak-checked -- when they're vacuumed down, 6 

they're backfilled, and then they're checked for leaks, 7 

helium leaks.  And then once they've passed all those 8 

rigorous tests and all the fabrication requirements and 9 

the quality assurance procedures, they are put into 10 

these casks. 11 

And what these are, these concrete -- does 12 

this have a -- so right here, that's about five feet of 13 

concrete.  And so that helps with the shielding, the 14 

bioshielding from radiation, as well as structural, for 15 

seismic concerns. 16 

And so these are the ones that you have at 17 

SONGS presently.  There is a third one, I know that you 18 

all were working with two vendors recently, and there's 19 

a third one that's -- this is a vertical system that 20 

multiple companies develop, and there's a third one 21 

that's an underground system that I didn't show here. 22 

So we have a total of 71 total sites in the 23 

United States by this map.  These are independent spent 24 

fuel storage installations.   25 
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There are, in 34 states, there are over 1 

2,000 casks that have been fabricated and are in place, 2 

with over 82,000 fuel assemblies.  They are all across 3 

the country.  There's 56 in -- this is, it gets into some 4 

regulatory jargon here, but 56 General Licensed Sites 5 

and 15 Specific Licensed Sites. 6 

And there are seven at decommissioned sites 7 

that will be similar to what is here at SONGS. 8 

What is the difference between a general 9 

license versus a site-specific license?  A general 10 

license is only granted to Part 50 licensees, reactor 11 

licensees.  They require us at NRC, in our division, to 12 

review those cask designs.  13 

We review them for certain things that I'll 14 

go into in a little bit, and then we do the site 15 

evaluations and such, and then the site-specific cases 16 

are specific to Part 50 reactor licensees or other 17 

applicants that would like to have -- would like to store 18 

this waste at their site. 19 

So, like, for example at Private Fuel 20 

Storage in Utah, that is an SSC, a site-specifc, SSC, 21 

has no reactor there, but they were willing to take fuel 22 

if they were allowed. 23 

So Part 72 regulations.  What are our 24 

review areas?  What do we do in our daily jobs?  We 25 
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review the general design criteria, making sure that 1 

they meet the requirements for offsite radiation dose, 2 

subcriticality, and confinement. 3 

What does all that mean?  Confinement, we 4 

retain and make sure that the radionuclides in the fuel 5 

stay within the canister.  For subcriticality, we don't 6 

allow any type of -- we make sure that the fuel is sitting 7 

in there so that they never get a place where they can 8 

go into a critical state.  And offsite radiation dose, 9 

we have sensors around the associated pad to make sure 10 

that there is no dose that is beyond the requirements, 11 

the regulations. 12 

We also have quality assurance programs, 13 

that's what Ray was talking about earlier.  We 14 

fabricate these canisters -- or not we, but the licensee 15 

buys them from a fabricator -- and we make sure that 16 

they're done in a quality fashion. 17 

Physical protection security, sighting, 18 

reporting requirements, and then training and 19 

certification of the personnel at the sites.  We review 20 

all of those. 21 

This takes a lot of people.  And what we 22 

have is we have a cadre of subject-matter experts.  We 23 

have structural engineers, we have thermal engineers, 24 

we have criticality specialists, we have health physics 25 
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folks who do the shielding and radiation protection.   1 

We have materials folks like myself who 2 

look at all the materials issues, the corrosion issues, 3 

all the material properties issues, making sure that the 4 

confinement is maintained, and also making sure that the 5 

quality assurance folks are out there.  Those are the 6 

inspectors, in a lot of ways. 7 

So, what do we also look at?  We look at 8 

three different types of scenarios -- normal, 9 

off-normal, and accident conditions.  Normal and 10 

off-normal, normal occurs regularly, repeatedly.  11 

Off-normal is occasionally, once a year, maybe.  And 12 

then accident conditions are things that we make sure 13 

that the licensees, make sure that these are fabricated 14 

to withstand these types of events -- tornado winds, 15 

missiles, earthquakes, seismic activity, floods, 16 

tsunamis, and fires and explosions. 17 

Again, the technical reviews are quite 18 

long, and a lot of our reviews for new applications can 19 

be two, three years, okay? 20 

We have structural engineers who look at 21 

the confinement that are maintained under all these 22 

accident -- the accident, normal, and off-normal 23 

conditions.  We have criticality folks who look at 24 

making sure the fuel is sub-critical in all these three 25 
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cases.  Shielding that meets the radiation dose 1 

requirements at the site boundaries -- and then the 2 

thermal, making sure the cladding temperature is 3 

maintained so we have a defense in depth, so we can rely 4 

on the cladding. 5 

And then the materials folks, who look at 6 

the property or properties, and also aging effects, 7 

during the renewed operating period, and I'll go into 8 

that a little bit later. 9 

So for transportation of these systems, the 10 

same technical reviews as for storage.  There is a 11 

little bit more in terms of, you need to show us, to the 12 

licensees that are out there, you need to do a bunch of 13 

tests.   14 

Those tests are drops, 30 foot drops, 15 

they're puncture tests, they're deep water immersion 16 

tests, making sure that nothing will ever come out of 17 

these canisters.  Fire -- there is a 30 minute 18 

requirement for jet fuel, making sure it doesn't fail 19 

in that way -- and all these other normal types of 20 

transportation, vibration loads, small drops, heat and 21 

cold.  22 

Cold is a big deal.  Some licensees have 23 

been rejected because they can't meet the requirements 24 

for transportation at -40 degrees Celsius. 25 

SCE-SER 001820

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 180 of 295
(1854 of 2110)



 42 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

So now, storage renewal.  So what are we 1 

doing now, the things that are changing on the landscape 2 

here.  3 

There are two periods.  There is the 4 

initial licensing period, which is the first 20 years.  5 

And then after that, it's between 20 and 60 years is the 6 

renewed operating period, okay? 7 

The renewal, renewed operating period, has 8 

been going through some updates of late, and so what 9 

we've done is we've established a group at the agency, 10 

a strategy team, and what we've done is we've been trying 11 

to look at what we can do to update the guidance, because 12 

what we're looking to do is we're looking to change our 13 

approach to spent fuel management in the renewed period 14 

of operation to an operations-focused aging management, 15 

one that is learning from our operational experience. 16 

It's proactive to get ahead of issues that, 17 

possibly, for degradation aging effects of canisters.  18 

You all know that your cars don't last 100 years, or 50 19 

years.  And they age.  And the same thing happens to 20 

canisters, or anything that's manmade, and so we're 21 

trying to get ahead of these, and we're trying to be 22 

proactive and have a responsive aging management, so if 23 

we do find anything, we go over and fix it, or require 24 

the licensee to fix it. 25 
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So what that requires is aging management 1 

programs that we're developing in-house, and we're 2 

developing these guidance documents out there to help 3 

the licensees with how to manage aging as time goes on. 4 

So two issues that have come up that have 5 

been recently dominating a lot of our discussions. 6 

One is cladding integrity and high burnup 7 

fuel, in particular.  And the second is 8 

chloride-induced stress corrosion cracking, which I'm 9 

sure we'll hear a lot about today. 10 

We have spent at the agency over $9 million 11 

over the past eight, nine years.  We have spent an 12 

inordinate amount of staff resources on these issues.  13 

We feel we're getting ahead of these issues now, okay?   14 

We're developing aging management programs 15 

for both, and we're -- we'll discuss in a little bit, 16 

and you can ask a lot of questions, but in 1927, NUREG 17 

1927, that will be coming out this springtime sometime, 18 

and we will have these aging management programs, these 19 

draft ones now, but they will be placed in there, to show 20 

how we are going to manage these aging effects. 21 

But ultimately, we believe high burnup fuel 22 

is safe for storage and for transportation.  We have 23 

licensed both high burnup fuel for storage and for 24 

transportation.  Recently, we had the MP-197 that we've 25 
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approved for transportation casks for use of high burnup 1 

fuel, okay.   2 

We have other research that we're doing 3 

right now, at Oak Ridge National Labs, and we also are 4 

also working with the Department of Energy for their 5 

Cask Demonstration Surveillance Project. 6 

We have an information notice on chloride  7 

SCC, chloride stress corrosion cracking, I hate to use 8 

acronyms.  9 

And we're also developing this aging 10 

management program that's part of the NUREG 1927 that 11 

we can talk about at length if you wish. 12 

So in summary, our regulations in 10 CFR 71 13 

and 72 ensure safety for both storing and transporting 14 

spent nuclear fuel.  We have a large group of people who 15 

have a multi-disciplinary technical review for all of 16 

the different issues that I identified, and we are 17 

maintaining confinement under routine and accident 18 

scenarios for these canisters. 19 

We're going forward with an 20 

operations-based aging management program, and it's 21 

going to be a learning, proactive, and responsive 22 

program for renewals and for aging management. 23 

And you can read the rest.  We're creating 24 

a stable, predictable, and efficient renewal regulatory 25 
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framework, with clear, open, and transparent, reliable, 1 

regulatory expectations to the licensees to manage 2 

aging. 3 

I think that's it. 4 

MR. PALMISANO:  Good evening.  I'm Tom 5 

Palmisano, Vice-President and Chief Nuclear Officer for 6 

the San Onofre Nuclear Plant.  7 

I've seen a number of you before in 8 

community engagement panel meetings, and I am going to 9 

cover the specific Post-Shutdown Decommissioning 10 

Activities Report that we submitted, and summarize 11 

what's in the report, talk about the different periods 12 

for the decommissioning plan. 13 

I'll summarize the Irradiated Fuel 14 

Management Plan, and I'll also summarize the 15 

Decommissioning Cost Estimate. 16 

So before I get into the specific remarks, 17 

Southern California Edison and our other co-owners 18 

issued some decommissioning principles early this year 19 

to provide clarity and guidance in terms of the 20 

principles we will follow in developing the plan and 21 

executing the plan to decommission San Onofre. 22 

Particularly, our principles are safety, 23 

stewardship, and engagement -- safety first, safety in 24 

terms of all the activities, safe storage of spent fuel; 25 
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stewardship in terms of being good stewards of the 1 

environment, good stewards of the decommissioning trust 2 

fund, recognizing this fund has been contributed by our 3 

rate payers; and engagement and transparency. 4 

The Community Engagement Panel, which a 5 

number of you have been at the meetings, is part of our 6 

effort, our outreach effort, to engage the community, 7 

to be transparent in what we intend to do, and to listen 8 

actively to feedback. 9 

I would encourage you to visit 10 

songscommunity.com.  All the documents I am going to 11 

discuss tonight have been posted throughout the course 12 

of the last six months on songscommunity.com, so they're 13 

not only available on the NRC website, but they're 14 

readily available on our website, along with more 15 

detail. 16 

So just to recap, you've seen some of these 17 

time frames before in the NRC presentations.  June of 18 

2013, we decided to permanently shut down both units 2 19 

and 3.  We certified permanent cessation of operations, 20 

one of the regulatory requirements. 21 

We also at that point certified we had 22 

permanently defueled.  The dates, I didn't put those 23 

dates on this slide, they were on the NRC's slide. 24 

Through the course of 2013, we transitioned 25 
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from operating plant staffing to decommissioning 1 

staffing, and in January 2014, we developed a 20 year 2 

decommissioning plan that we submitted as part of the 3 

Post-Shutdown Decommissioning Activities Report. 4 

As you've heard, by NRC regulations, we 5 

have up to 60 years to complete the radiological 6 

decommissioning of the plant.   7 

As we look at the situation at San Onofre, 8 

as we listen to feedback from our stakeholders, as we 9 

look at where our trust fund is, we think the right thing 10 

to do is to go into the prompt decontamination and 11 

dismantlement process and decommission the plant in 12 

basically a 20 year time period, and I'll show you a 13 

little more detail in a minute. 14 

And then in September 2014, we submitted 15 

the required decommissioning documents, the 16 

Post-Shutdown Decommissioning Activities Report, the 17 

Irradiated Fuel Management Plan, and the 18 

Decommissioning Cost Estimate. 19 

So let me give you the highlights here.  20 

Those of you who have been at the Community Engagement 21 

Panel meeting have seen this slide before.  This is a 22 

simple look at the 20 year timeline for decommissioning 23 

the plant. 24 

The top line is not to scale.  To the left 25 
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of the bold vertical line is between now and January 1 

2016, so we are not in the major decommissioning phase 2 

at this point.  We need to submit the NRC documents we 3 

have done.  So everything we're doing to the left of 4 

that line is planning and preparatory activities, and 5 

the licensing submittals to change our design and 6 

licensing basis.  7 

There's a variety of physical plant changes 8 

we make such as defueling the plant, draining systems, 9 

eliminating non-radioactive hazards.   10 

There's the licensing submittals, this was 11 

referred to as some of the other licensing actions we've 12 

requested, for example defuel technical specifications 13 

that changes the conditions of the license to match the 14 

fact that the plants are defueled; the specific 15 

decommissioning submittals that I've talked about; and 16 

then the dry fuel storage system. 17 

I am going to talk about dry fuel storage 18 

more in a minute.  We already have a system on site with 19 

50 canisters loaded with fuel that needs to be expanded 20 

to allow for the decommissioning process. 21 

So we're in the process, and we've 22 

discussed this extensively at the Community Engagement 23 

Panel, of selecting the best plan to expand the system 24 

and load the remaining canisters. 25 
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Then to the right of the heavy bold line is 1 

actually the balance, first of all, of the 2 

decontamination and dismantle period.  It's about a ten 3 

year period where we do the major decontamination and 4 

dismantlement, and then farther to the right, you see 5 

words like completion of remaining site restoration 6 

work -- that's the non-radiological site restoration, 7 

as well as the License Termination Plan. 8 

On the NRC slides you saw, that's the formal 9 

process where we submit the License Termination Plan, 10 

submit the Final Survey Plan, and execute that plan 11 

subject to NRC review and approval.   12 

And then at the end of that 20 year period, 13 

the plant is decommissioned, it's dismantled.  What 14 

will remain is an independent spent fuel storage 15 

installation, and that will remain until the Department 16 

of Energy starts taking fuel off the site, and we'll see 17 

more about that in a minute. 18 

Post-Shutdown Decommissioning Activities 19 

Report, we've heard a lot about that, so I'll just 20 

summarize this very quickly. 21 

We have submitted a report that meets the 22 

regulatory requirements.  It describes the planned 23 

decommissioning activities.  It provides the schedule 24 

for the activities.  It summarizes the expected cost.  25 
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And it has the discussion of the environmental impacts 1 

and concludes that our planned decommissioning 2 

activities are bounded by the site-specific 3 

environmental assessments that exist and the NRC's 4 

generic Environmental Impact Statement for 5 

decommissioning.  6 

So our Post-Shutdown Decommissioning 7 

Activities Report meets the regulatory requirements.  8 

It is under review by the NRC. 9 

So I want to go in a little more depth in 10 

terms of what the three elements of the PSDAR are.  The 11 

license termination, and that is equivalent to 12 

radiological decommissioning; the used fuel management 13 

program; and site restoration, think about that as the 14 

non-radiological decommissioning to finish restoring 15 

the site. 16 

This next graphic is just a bit hard to see.  17 

This actually runs out to 2052.  I am going to show you 18 

more detail that's more readable here in a minute. 19 

The green is going to be the license 20 

termination periods, or the radiological 21 

decommissioning periods; the orange in the middle, or 22 

the yellow in the middle, is actually the used fuel 23 

management periods that will go through the first 20 24 

years and then extend out as far as 2052; and then the 25 

SCE-SER 001829

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 189 of 295
(1863 of 2110)



 51 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

red is the site restoration period, think about this as 1 

the non-radiological decommissioning, once the NRC 2 

aspects of decommissioning are complete. 3 

So we've created some graphics based on 4 

some feedback from the public and the Community 5 

Engagement Panel to try to make this a little more 6 

visible.   7 

Again, all these slides will be publically 8 

available on our websites, and I'm sure the NRC will post 9 

these as well. 10 

So, and I've also tried to indicate the time 11 

periods and the types of activities.   12 

So we're talking about license termination 13 

or radiological decommissioning on this slide.  If you 14 

look from the left, June 2013-December 2013 defueling 15 

both reactors, certifying the reactors were defueled. 16 

We're actually in Period 2 now, where we're 17 

doing the initial planning.  And the initial planning 18 

is essentially complete, it's relatively high-level 19 

planning, and we're making the NRC submittals. 20 

So this is the initial planning phase where 21 

we identify what the 20 year decommissioning plan is, 22 

the expected cost, and the summary of the activities. 23 

Once we enter the major decommissioning 24 

phase, which we are not in, starting as early as July 25 
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of 2015, we'll start major decommissioning activities.  1 

  This will be system decontamination to 2 

reduce the radioactivity's level inside systems.  This 3 

will be starting the planning, and then as we get into 4 

later in the period, removing the internals of the 5 

reactor vessel.  This, other than the fuel, is the most 6 

radioactive part of the plant, done underwater.  This 7 

is done early in the process.  8 

This would be something 2017, late 2016, 9 

2017, would be a rough timeline for that to start. 10 

And later in this period, and I'll talk 11 

about spent fuel more in a minute, we will be offloading 12 

the spent fuel pools, actually moving fuel likely in the 13 

2017 time frame to an expanded ISFSI (phonetic) system. 14 

Period 4, then, once the fuel pools are 15 

offloaded, we'll get into the system-enlarged component 16 

removal.  At this point, we've reduced the level of 17 

radioactivity in the plant, we've moved the fuel out of 18 

the spent fool pools into the ISFSI or dry fuel storage 19 

system, and then we'll start removing the major 20 

components inside those reactor containment buildings 21 

and the other safety-related buildings. 22 

At the end of that period, then, October 23 

2022 - July 2024, we're in a period where we're 24 

decontaminating the buildings, once the internals have 25 
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been removed, and ultimately in Period 6, 2024 to 2032, 1 

we're actually demolishing the buildings themselves. 2 

So that's roughly what a 20 year plan from 3 

2013 to 2032 looks like, for the radiological 4 

decommissioning of San Onofre. 5 

Let me move on to used fuel or spent fuel 6 

storage.  So this is a companion timeline.  Again, 7 

we're in the planning period.  We're now in Period 2.  8 

We're evaluating how to expand the independent spent 9 

fuel storage installation, preparing for the transfer 10 

of used fuel from the spent fuel pools to the ISFSI. 11 

This period for spent fool management runs 12 

from 2014 to 2019.  Our intent is to safely move spent 13 

fuel out of the spent fuel pools to the dry fuel storage 14 

pad in a safe and timely manner.  We intend to finish 15 

that by mid-2019.  16 

The following period you see, 2019 to 2031.  17 

This is an extended storage period where all the spent 18 

fuel is in dry fuel storage on the independent spent fuel 19 

storage pad.  20 

Period 4, we're expecting the Department of 21 

Energy, at some point, to start taking fuel off our site 22 

and other sites around the country.  Based on the 23 

current information we have from the Department of 24 

Energy, the old Unit 1 fuel, which is already partially 25 
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decommissioning, and all the Unit I fuel is already in 1 

the spent fuel system, would be removed first, starting 2 

roughly in 2031 through a 2035 time period. 3 

And then the Unit 2 and 3 fuel, with what 4 

we currently understand the Department of Energy timing 5 

would be, would be removed from 2035 to 2049. 6 

This is part of a bigger nationwide plan 7 

that the Department of Energy has to remove fuel from 8 

all the reactor sites, operating sites and 9 

decommissioning sites. 10 

This is where we understand we would be in 11 

their queue to remove fuel from San Onofre. 12 

And then ultimately, 2049 to 2051, with all 13 

the fuel offsite, we would then decontaminate and 14 

demolish and remove the independent spent fuel storage 15 

installation and go through a second license 16 

termination period related to the spent fuel storage 17 

system. 18 

Site restoration, so think about this as 19 

now the non-radiological decommissioning.  Again, 20 

we're in the planning period.  You see a transition to 21 

site restoration. 22 

We're actually -- the mesa is property on 23 

the other side of I-5, not part of the NRC's Part 50 24 

license where we have warehouses and storage areas and 25 
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a training building, we're actually removing some 1 

buildings there presently.  That's not a 2 

decommissioning activity, it's part of turning the 3 

facility back to the Navy. 4 

You then see Period 3, and this is probably 5 

more operative for the power plant itself -- 2019 to 6 

2024, you know, consistent with moving fuel out of the 7 

spent fuel pools, decontaminating systems, major 8 

component removal, we start the engineering for the 9 

sub-surface removal, engineering and permitting at that 10 

point. 11 

And actual sub-surface structure removal 12 

is in the time frame 2028 to 2031.  This will then follow 13 

the major component removal, the major building 14 

demolition, and then continue with sub-surface 15 

structure removal. 16 

I think it's important to note at this 17 

point, San Onofre is on land owned by the Department of 18 

the Navy.  So the power plant itself is under what's 19 

called an easement dating from the 1960s which granted 20 

the owners the right to build and operate a power plant 21 

on the facility. 22 

So as we talk about completing 23 

decommissioning, we're committed to unrestricted, you 24 

know, release for unrestricted use, and you've heard 25 
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some of what that implies earlier, but ultimately the 1 

end use will be determined by the Department of the Navy. 2 

So we have some work to do with the 3 

Department of the Navy to finalize exactly what their 4 

end use is, exactly what condition they would like to 5 

leave the -- use to leave the site in.   6 

For example, most facilities that have been 7 

decommissioned don't necessarily remove every 8 

below-grade structure once the radiological 9 

decommissioning is complete. 10 

So that's something that is up to the 11 

Department of the Navy.  When I talk about the cost 12 

estimate, I'll tell you we've conservatively assumed we 13 

remove it all until they specify differently. 14 

So this is what the completion then of the 15 

site restoration -- you see at the far end the ISFSI 16 

demolition. 17 

Again, after the fuel is removed from the 18 

site by the Department of Energy, the remaining step 19 

will be the radiological clean-up of the spent fuel 20 

storage installation, followed by the demolition, and 21 

then a second licence-termination period. 22 

That's a brief summary of what's in the 23 

Post-Shutdown Decommissioning Activities Report, I 24 

really encourage you go to songscommunity.com and take 25 
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a look at it.   1 

We've shared it extensively with the 2 

Community Engagement Panel and other interested members 3 

of the public, but it's available to everybody. 4 

Our Irradiated Fuel Management Plan, it was 5 

mentioned that this is not a PSDAR document itself, 6 

although it is summarized in the PSDAR and the Cost 7 

Estimate.  But it's another important submittal. 8 

Excuse me. 9 

So the current dry fuel storage situation 10 

in San Onofre, we already have 50 canisters loaded with 11 

fuel.  As was mentioned earlier, we have the horizontal 12 

NUHOMS systems by AREVA TRANSNUCLEAR -- 50 canisters of 13 

fuel, I have one canister of what's called greater than 14 

Class C waste from the Unit 1 decommissioning.  This is 15 

the internals of the reactor vessel. 16 

On the upper left, you see a picture of the 17 

site, and to the upper left of that, you see a 18 

rectangular box.  That's where the facility is located. 19 

And then on the lower right you see a 20 

close-up of the above-ground horizontal system that is 21 

currently in use. 22 

Our current state on spent fuel storage, on 23 

the left side, we have 2,668 fuel assemblies in the two 24 

spent fuel pools, roughly 50/50 between Unit 2 and Unit 25 
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3, right. 1 

Below that, you see existing dry fuel 2 

storage pad, it has Unit 1, 2, and 3 fuel in 50 canisters, 3 

1,187 assemblies. 4 

What has to happen, the 2,668 assemblies in 5 

the pools called wet storage will be transferred into 6 

approximately 100 canisters.  The exact number of 7 

canisters will be determined once we finalize our 8 

decision on which canister design to go with. 9 

Those of you who have been at the Community 10 

Engagement Panel meetings know that we're looking at a 11 

couple alternatives. 12 

That's an approximate number of canisters, 13 

the number of fuel assemblies is accurate.  It also 14 

includes 1,115 high burnup assemblies, and you've just 15 

heard a bit about high burnup fuel for storage and 16 

transportation. 17 

So ultimately, we will have roughly 125 to 18 

150 canisters, again, depending on the final design, on 19 

the independent spent fuel storage pad by mid-2019, 20 

awaiting removal by DOE offsite. 21 

The Irradiated Fuel Management Plan itself 22 

is required by 10 CFR 50.54(bb).  Again, there is a 23 

specific NRC format, specific NRC content guidelines. 24 

It provides a written notification 25 
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discussing the plan that's required within two years 1 

following permanent cessation of operation, we filed 2 

that September 23. 3 

It describes the program by which we will 4 

manage fuel and funding until the Department of Energy 5 

picks it up. 6 

Our program is wet storage until 2019, 7 

followed by dry storage. 8 

I've already given you these numbers -- 9 

2,668 assemblies in the pools, an assumed start date of 10 

Department of Energy taking fuel from the industry of 11 

2024, our target removal date from all our fuel off site 12 

is 2049. 13 

We demonstrate that we have adequate funds 14 

already collected and invested in our trust fund for 15 

spent fuel management for this period. 16 

And it also describes how we're going to 17 

maintain the spent fuel pools while they are in service. 18 

Moving on to the third NRC document we 19 

submitted, it's the Site-Specific Decommissioning Cost 20 

Estimate.  21 

And you've heard this alluded to, so I just 22 

want to summarize this. 23 

Again, it's a required filing.  This needs 24 

to demonstrate that we have adequate funding, 25 
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principally for radiological decommissioning. 1 

Think of this as a companion, then, with the 2 

Irradiated Fuel Management Plan that discusses adequate 3 

funding for spent fuel management. 4 

It also discusses the funding we have 5 

available for the non-radiological decommissioning.  6 

The NRC's focus is radiological decommissioning, and 7 

separately, spent fuel management.  Our focus is that 8 

as well as site restoration. 9 

So the plan discusses the decommissioning 10 

plan, describes funding, breaks down costs by the 11 

periods that I just showed you briefly, summarizes the 12 

things like the cost of services, undistributed cost, 13 

and outlines the cost for license termination, spent 14 

fuel management, and site restoration. 15 

There are some key assumptions.  We have 16 

developed a very conservative decommissioning cost 17 

estimate. 18 

And I just want to highlight a couple 19 

things, for example, substructure excavation.  This 20 

gets back to what the Department of the Navy will 21 

require.    22 

For the cost estimate, we have assumed all 23 

the structure has to come out.  So we've estimated the 24 

cost to assure we have adequate funds if the Navy would 25 
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like us to remove all the structures in accordance with 1 

the amendment, the current easement, we have adequate 2 

money to do that. 3 

We've assumed the ocean conduits, these are 4 

the large pipes that bring intake water and discharge 5 

water from the plant into the ocean, that they are 6 

removed, and the cost of that is in the cost estimate. 7 

For the Unit 1 decommissioning, the State 8 

Lands Commission approved a plan to abandon the 9 

horizontal conduits in place as more -- a more 10 

preferable alternative, as opposed to removing them, 11 

form an environmental standpoint.  12 

I expect we will have the same treatment for 13 

Unit 2 and 3, from a more preferable alternative, but 14 

I have not assumed that for cost purposes.  I have 15 

assumed the cost of removing them completely. 16 

And you see some other things in terms of 17 

low level waste burial escalation, cost -- consumer 18 

price index for the D&D period followed by a higher 19 

escalation rate until we demolish the ISFSI.  20 

So the real picture here, in 2014 dollars, 21 

the total cost estimate down at the lower right is about 22 

$4.4 billion, to decommission San Onofre completely, 23 

manage spent fuel through 2052 and decommission the 24 

independent spent fuel storage installation, and 25 
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remediate the site in accordance with the current 1 

direction of the Department of the Navy. 2 

You see the breakdown.  The green is 3 

actually the radiological decommissioning portion, 4 

$2.1 billion. 5 

Down at the lower left, the yellow would be 6 

$1.276 billion.  That is spent fuel management through 7 

2052.  8 

And then $1 billion for site restoration, 9 

the non-radiological cleanup of the site and removal of 10 

buildings. 11 

As I mentioned in the stewardship 12 

principle, the trust fund is really rate payer money 13 

that we have collected and we have invested, and through 14 

prudent investment, the fund has grown significantly. 15 

We are adequately and fully funded today.  16 

Oversight of the trust fund -- it's overseen by a five 17 

member committee, two of whom are internal to company, 18 

three external, nominated by management, confirmed by 19 

the Edison board, and the three external members 20 

approved by the PUC. 21 

So the fund has good oversight with 22 

independence from the PUC, from a regulatory oversight.  23 

The NRC, the second bullet, regulates all radiological 24 

decommissioning, and the NRC regulates used fuel 25 
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management. 1 

I cannot -- I am limited as to what I can 2 

spend on the decommissioning fund from an NRC 3 

perspective until the documents we have just filed are 4 

reviewed, the 90 day period is elapsed to allow them time 5 

to review and comment on it. 6 

However, probably more fundamentally, the 7 

Public Utility Commission regulates the fund closely.  8 

So before monies can be withdrawn out of the fund and 9 

used for decommissioning, not only do we satisfy the NRC 10 

requirements, we have a Public Utilities Commission 11 

process to satisfy as well. 12 

And both groups, the NRC and the PUC, will 13 

be involved in an ongoing basis in the -- ensuring the 14 

fund remains adequate, and then the PUC, making sure the 15 

fund is spent prudently. 16 

In terms of open communication, public 17 

engagement, and education, there is a lot of things 18 

we're doing -- I have mentioned the Community Engagement 19 

Panel, and everything I have just covered, we have 20 

covered in multiple Community Engagement Panel 21 

meetings, and it has been posted on the website. 22 

We really want this information available 23 

to the public, we really welcome questions. 24 

We have held decommissioning education 25 
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fairs.  We have had one in the local area.  We've got 1 

another one coming up in the evening, where members of 2 

the public can come in and we talk about 3 

decommissioning. 4 

We have public walking tours.  We have now 5 

held two tours, open to the public to sign up, typically 6 

ten people.   7 

We welcome anybody to come walk through the 8 

plant.  We stay outside of the protected area, but you 9 

get a good view of the plant, and our staff explains our 10 

decommissioning plan and the decommissioning process. 11 

Private tours for key stakeholders, be they 12 

elected officials or other interested parties, as well 13 

as a robust website with all this information and more 14 

-- and again, we want to make sure we're doing everything 15 

we can to communicate openly and listen actively. 16 

And with that, I'll close and turn it back 17 

to the NRC. 18 

FACILITATOR CAMERON:  Thank you, Tom.   19 

And there's a lot of information, and we're 20 

going to go out to you now. 21 

And there were some sign-in sheets when you 22 

came in.  I am going to try to follow those, but you may 23 

have a question, you didn't sign up that you wanted to 24 

speak, but there is going to be a meeting summary 25 
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prepared by the NRC that will be on the website, and 1 

there will also be the webcast. 2 

So let's hear from a few people, and then 3 

you've been sitting for a long time, so we'll take a 4 

short break then, but you've heard the Community 5 

Engagement Panel mentioned, and we have several members 6 

here from the Community Engagement Panel. 7 

But I am going to go to Dan Stetson first, 8 

for some comments from the Panel. 9 

MR. STETSON:  Thank you very much.  My 10 

name is Dan Stetson, and I am the secretary for the 11 

Community Engagement Panel. 12 

I want to once again compliment SONGS, 13 

Southern California Edison, for putting it together.  14 

We've had quite a number of public meetings where you've 15 

been able to come and ask questions, and we welcome 16 

those. 17 

We've even had continuing workshops at the 18 

Ocean Institute where I work on an ongoing basis. 19 

A couple of us had the opportunity to come 20 

and meet this morning -- David Victor, who is chairman 21 

of the CEP, Tim Brown, myself, and we were able to meet 22 

with some members of the NRC, and I just wanted to share 23 

with you just a couple quick takeaways from that 24 

meeting. 25 
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Number one, a big takeaway for me was that 1 

the NRC is not going away.  They are here with us every 2 

step of the way.  There are eyes, there are ears, there 3 

are inspectors, and they're the ones that are really 4 

going to walk us through this entire process, through 5 

the decommissioning and then also through the continued 6 

storage of the fuel there on site. 7 

So that process is going to be very 8 

important, and we are really looking to them to manage 9 

this. 10 

Also, as I looked out in that room this 11 

morning, I couldn't help but be impressed with the depth 12 

of experience of the folks that are there. 13 

Quite honestly, they are different than you 14 

and I.  We think we all speak English, but so much of 15 

it comes across as Greek.  But I want to thank them for 16 

trying to bring it to a level, even this evening, 17 

something that we can all really understand. 18 

But no matter what, I think we're all really 19 

interested in one thing, and that's the ongoing safety 20 

for this storage. 21 

We know that the fuel is going to be there 22 

for an extended period of time.  We don't really know 23 

how long.  We want it out of there as soon as possible. 24 

But as Al was saying, none of our cars are 25 
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going to last for 100 years, and something is going to 1 

need to be done if something comes up, so all of us are 2 

interested, if the worst case happens, do we have the 3 

plan and the resources to take care of us?  4 

All of us want to trust, but we need the NRC 5 

to validate our trust.  Thank you.  6 

FACILITATOR CAMERON:  Thank you, Dan.  7 

Another organization that started very soon after the 8 

decision was made to shut the plants down was the 9 

Coalition to Decommission San Onofre, and we're going 10 

to go to Gene Stone. 11 

MR. STONE:  Hi.  I am Gene Stone from 12 

Residents Organized for a Safe Environment.  I am also 13 

a member of the California Edison CEP, and I am happy 14 

to do that and happy to be here tonight. 15 

I would like to thank the NRC for hearing 16 

our comments today, and I am happy to see so many friends 17 

that are here to support this whole process and the 18 

environment. 19 

I must say that I am not really happy 20 

because I no longer believe that California Edison is 21 

considering doing the state-of-the-art decommissioning 22 

that they promised at the first Community Engagement 23 

Panel, nor do I believe that the NRC will demand or 24 

require that of them, but, unfortunately, a more 25 
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standard approach to decommissioning. 1 

The NRC should have a more proactive 2 

approach to California's PSDAR.  The fact that the NRC 3 

does not approve or disapprove this minimalist approach 4 

to the safe storage of nuclear waste is very 5 

disappointing and alarming to me. 6 

Going forward with a plan that uses 7 

canisters that were designed for short-term storage 8 

does not make sense.  It seems that we would be better 9 

served if the NRC would take a stronger approach in 10 

leading the industry into developing a much more robust 11 

canister system with defense in depth, not just talking 12 

about defense in depth, but real action items that the 13 

public can see that will help us in any situation that 14 

might arise. 15 

Thank you very much. 16 

(Applause.) 17 

FACILITATOR CAMERON:  Okay, thank you.  18 

Okay.  And we're going to try to get to you, as many of 19 

you, as possible. 20 

And unfortunately, it is just going to be 21 

one bite at the apple, so to speak, okay.   22 

And if you have a question, you may want -- 23 

we can give you a follow-up on that, and the NRC has also 24 

told me that besides the comments that are going to come 25 
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in, the written comments, that if you send a question 1 

into them, that they will try to answer that question. 2 

So if you don't get a chance tonight, we'll 3 

do that.  And let's go to Donna Gilmore.  Donna? 4 

MS. GILMORE:  Hi.  I have been studying 5 

the issue, and what Gene said is correct.  6 

We do not have a defense in depth system.  7 

We have 5/8s inch thick stainless steel that's the only 8 

thing keeping us from having a radiological accident 9 

that could result in us evacuating. 10 

The canisters are subject to something 11 

called stress corrosion cracking.  We do not know, of 12 

any of the canisters that are currently at San Onofre, 13 

we don't know if they have corrosion on them, we don't 14 

know if they have stress corrosion cracking, because 15 

they haven't looked at any of them, it's too dangerous 16 

for the workers to do that. 17 

The canisters cannot be repaired.  We're 18 

looking at potentially replacing canisters.  There's 19 

no money in the decommissioning fund for replacing 20 

canisters. 21 

There are canisters used in Europe and 22 

other countries that are much thicker, up to 20 inches 23 

thick, that were designed for maintenance, that were 24 

designed to be able to replace them, when and if they 25 
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wear out, and the ones we have are welded, weren't 1 

designed being opened. 2 

Their part of the plan is to get rid of the 3 

pools.  If we needed to replace a canister, we need the 4 

pools, but the NRC plans to allow them to get rid of them. 5 

So yeah, I am not happy with this plan.  I 6 

have got a website, sanonofresafety.org, and I have been 7 

keeping track of this.  Everything is resourced with 8 

technical documents. 9 

There was a lot of misinformation in the 10 

presentations, a lot of half-truths in the 11 

presentations, so I encourage you to check the 12 

sanonofresafety website to learn the part that was left 13 

out of this meeting.  Thank you. 14 

(Applause.) 15 

FACILITATOR CAMERON:  Thank you, thank you 16 

Donna.  Let's go to Rochelle, Rochelle Becker. 17 

MS. BECKER:  I'd like to frame my comments 18 

on several NRC regulations that you pointed out that 19 

you're going to follow in this process. 20 

The problem with you pointing out that you 21 

have NRC regulations, policies, processes, is a recent 22 

OIG report that said that didn't work when you replaced 23 

the steam generators. 24 

So I have no idea why we're supposed to 25 

SCE-SER 001849

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 209 of 295
(1883 of 2110)



 71 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

trust you with the back end of the nuclear industry.  1 

You didn't do the job right.  You didn't 2 

require a license amendment request.  We are sitting in 3 

the Public Utilities Commission trying to decide how 4 

much Edison gets, how much rate payers get back. 5 

Rate payers are disgusted with this 6 

process.  When the NRC fails, it is my wallet that this 7 

money comes out of, not yours.  8 

When Edison fails, they try to argue that 9 

shareholders deserve more money than rate payers.  Rate 10 

payers have very little input in this process.  Rate 11 

payers pay virtually every penny of this process. 12 

We are very tired of you telling us you have 13 

a policy, a procedure, a process that works.  You don't.  14 

And we don't know that until it fails, and when it fails, 15 

we pay, and we're tired of doing so. 16 

(Applause.) 17 

FACILITATOR CAMERON:  And Marnie 18 

(phonetic)? 19 

MS. GLICKMAN:  Thank you, I don't even know 20 

where to begin. 21 

I have the Environmental Impact Report here 22 

that hasn't even been talked about, that anyone who 23 

reads it knows that it has to be old information.  It 24 

can't possibly be what we know today about the hazards 25 
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for San Onofre becoming a long-term nuclear waste dump. 1 

I am asking so much that you, both in Edison 2 

and our Nuclear Regulatory Commission, actually get 3 

involved with not passing the buck, not saying it's not 4 

our fault, we just have to stick to what we have as our 5 

possibilities. 6 

I see that the regulation on the 7 

re-licensing these casks that now can't even possibly 8 

last with salt corrosion on the ocean as long as you're 9 

going to allow them to stay there, even if it's the 10 

minimum of 40 years. 11 

It's not until spring that your 1927 12 

regulation is going to talk about how we even take care 13 

of the process of checking these.  We know now we don't 14 

have a way to. 15 

I am asking for leadership at all levels and 16 

changes of the law.  We can't leave that fuel on the 17 

ocean.  It has to be moved.  The fact that this plan is 18 

backwards, it is decommissioning the contamination that 19 

most of us could survive first, with our $2 billion. 20 

They've changed even the term so that it 21 

seems like it's more important.  None of us care if 22 

those domes go away. 23 

We've gotten used to seeing them.  We're 24 

not going near them.  Leave them and leave the money in 25 
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the rate payers trust fund until all the fuel is off of 1 

location, somewhere away from the ocean.  It is 2 

dangerous every day. 3 

We have both security that I ask you to look 4 

for.  You say you can't approve, but you do get to 5 

choose, you get to give waivers.  Don't reduce the 6 

security.   7 

Force an inspection of the 50 casks already 8 

there.  Don't change the rate payer trust fund 9 

priority.  Leave all $4 billion until all the fuel is 10 

gone. 11 

And please, make sure that we don't lose 12 

priority in the government, DOE, coming to get our fuel 13 

by some way of Edison and the DOE changing the priority.  14 

We need your help.  We need our 15 

legislators' help.  Let's get it moved to a place in the 16 

desert, away from the ocean, having the DoD help us get 17 

it there now, tomorrow.  Thank you. 18 

(Applause.) 19 

FACILITATOR CAMERON:  Thank you, Marnie. 20 

We're going to go to Cathy Allen. 21 

MS. ALLEN:  Good evening.  My name is 22 

Cathy Allen.  I work at Age Well Senior Services in 23 

south Orange County. 24 

We serve approximately 400,000 seniors 25 

SCE-SER 001852

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 212 of 295
(1886 of 2110)



 74 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

annually in south Orange County, and I have -- on behalf 1 

of them, I have a two part question for the NRC. 2 

What is the NRC's process over time that 3 

there are enough funds available to maintain the dry 4 

cask storage on site indefinitely until the DOE resolves 5 

the regulatory issue? 6 

What frequency do you perform an analysis, 7 

and what is the level of effort?  8 

Thank you.  9 

FACILITATOR CAMERON:  When you say "level 10 

of effort," can you just explain that a little bit? 11 

MS. ALLEN:  The level of effort for your 12 

analysis.  13 

FACILITATOR CAMERON:  Okay.  Do you 14 

understand the question, Larry? 15 

MR. CAMPER:  I was just going to say, is it 16 

financial analysis? 17 

FACILITATOR CAMERON:  Okay.  So we're 18 

talking about finances.  Can we -- who wants to give a 19 

-- okay, this is Mike Dusaniwskyj.  Mike? 20 

MR. DUSANIWSKYJ:  Good evening.  My name 21 

is Michael Dusaniwskyj.  I am an economist with the 22 

Nuclear Regulatory Commission, and I am charged with 23 

making sure that the kind of question that the last 24 

question raised is my responsibility and my team's 25 
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responsibility, to ascertain the reasonableness that 1 

there will be enough funds to decommission and to take 2 

care of spent nuclear fuel for the foreseeable future. 3 

The point that must be remembered is that 4 

the spent fuel is really the property of the Department 5 

of Energy. 6 

Once it leaves the San Onofre Nuclear 7 

Generating Station's footprint, it is no longer in the 8 

custody of the licensee. 9 

Until that time, there is enough funds to 10 

take care of the foreseeable future.  Now, as far as 11 

what the lady is asking, is what happens beyond a certain 12 

period of time, I will be frank and honest with you. 13 

Whatever possibilities may happen into the 14 

future, which all of us can postulate their own 15 

possibilities, we have to reason only with what is 16 

reasonable to what is required by the regulations, and 17 

what the Department of Energy's foreseeable future is 18 

in stake. 19 

I am going to have to say something you are 20 

not going to like, and that is the fact that if you 21 

postulate some possibilities that the funds do run out, 22 

the solutions will not be popular.  The financial 23 

solutions will not be popular. 24 

But the point that must be remembered is 25 
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that the NRC does not regulate commerce.  That is under 1 

the jurisdiction of the state Public Utility 2 

Commission, and it is our responsibility to make sure 3 

that all activities are done safely and completely. 4 

And we recognize that safety takes money.  5 

Therefore, the NRC will not compromise on any level the 6 

safety of taking care of the decommissioning and the 7 

spent fuel nuclear -- excuse me, the spent fuel that's 8 

on site. 9 

As far as how often we do the analysis, by 10 

regulation the licensees have to submit to us certain 11 

financial information that we look at to make sure that 12 

the foreseeable forecast is reasonable. 13 

We want to make sure that the money is used 14 

exclusively for decommissioning.  We check this once a 15 

year.   16 

We also check on how much money is left.  We 17 

keep checking on this until the license is terminated. 18 

FACILITATOR CAMERON:  Okay, thank you.  19 

Thank you for that question. 20 

I am going to go to this gentleman here, 21 

this gentleman here, and then to Ace and Sharon Hoffman, 22 

and then we're going to take a break and come back.  Yes, 23 

sir. 24 

PARTICIPANT:  Thank you.  In regards to 25 
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the economic analysis you're performing, I want to know 1 

if the NRC, and you specifically sir that just answered 2 

the question, have you taken into account that recently 3 

at Diablo Canyon, you found the conditions for stress 4 

corrosion cracking after only two years in the task? 5 

And you certified these, the NRC certified 6 

these, that they would be good for 30 years.   7 

Now, my guess is, sir, that that two years 8 

takes your analysis and puts it on its head.  And I want 9 

to know if you've considered that. 10 

Furthermore, Tom, you've got some stones, 11 

talking about the California Public Utility Commission 12 

with all the news in the paper today about how they're 13 

under investigation, and how they're submitting all 14 

their paperwork.  Really? 15 

Now, as far as the car analysis goes, the 16 

casks that you guys are considering won't crack for -- 17 

excuse me, the casks that you won't consider won't crack 18 

in a marine environment. 19 

Again, the casks that you guys are refusing 20 

to consider have the ability to be repaired.  Everybody 21 

wants to repair their car.  We also want the casks to 22 

be repaired. 23 

The casks that you are not considering do 24 

not have the ability to inspect the exterior of the 25 
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canister.   1 

You're saying that the industry has to come 2 

up with the solution in five years, but the NRC has given 3 

time and time again extensions to these kinds of rules. 4 

We want it done now before it is approved.  5 

You guys, or the NRC, excuse me -- the casks that you 6 

guys are not considering do not have an early warning 7 

system before a radiation leak, i.e., you have no oil 8 

light for your car. 9 

That's a major problem.  You're expecting 10 

the public to accept the fact that you're going to go 11 

around and kick the tires on the car to ensure that 12 

there's some sort of integrity.  That's a joke.  13 

FACILITATOR CAMERON:  I am going to have to 14 

ask you to finish up, sir. 15 

PARTICIPANT:  Thank you. 16 

(Applause.) 17 

FACILITATOR CAMERON:  All right.  Let me 18 

-- is Val (phonetic) here? 19 

Oh, good, Val tries to keep control of Local 20 

89.  21 

MR. MACEDO:  Thank you, sir. 22 

Yes, that is not a hard task to do, is take 23 

care of Local 89.  Local 89 has been taking care of the 24 

power plant for many years. 25 
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Local 89 was involved in the process since 1 

day one.  Unit 1, Unit 2 -- decommissioning of Unit 1 2 

as well, and then the building before the 3 

decommissioning of Unit 1 of the Units 2 and 3. 4 

With that being said, I just want to start 5 

off by saying thank you for allowing me to be a part of 6 

the Community Engagement Panel, it's been an education 7 

for me to better represent my members. 8 

I hate to use the word my members -- Local 9 

89's membership, because I've heard different opinions 10 

from both sides, and I respect everybody, and I've heard 11 

a lot of safety concerns come into play. 12 

My background, in the early 90s I was 13 

involved in the decommissioning of a uranium enriched 14 

-- U-235 enriched uranium processing plant in Sorrento 15 

Valley. 16 

Of course, NRC was involved, Bechtel was 17 

the contract at the time.   18 

So I'm very familiar with the 19 

decommissioning process at that scale.  This is a much 20 

larger scale.  I am thankful to be a part of the CEP 21 

panel. 22 

I want to disclose something here.  For 23 

years, for years, Southern California Edison has a huge 24 

amount of respect for me, for the safety that has been 25 
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put in place for our membership, for allowing me to be 1 

a part of the CEP panel -- it goes beyond that, as far 2 

as safety goes. 3 

Local 89 has engaged in training.  A lot of 4 

the members here, that are here today, don't have orange 5 

shirts on.  There is no need to try to control the 6 

membership. 7 

They are honest people.  They are rate 8 

payers that built the power plant, that have the same 9 

voice as other people, and we're going to continue to 10 

respect everybody. 11 

Those members that have been laid off, lost 12 

their jobs, because of the power plant going down, it's 13 

understandable. 14 

But make no mistake, these members have 15 

gone through a serious curriculum in terms of training, 16 

on a daily basis, we have a large training facility, we 17 

have mobile sites, for not only Southern California 18 

Edison San Onofre decommissioning, but other 19 

contractors and other sectors of the market as well. 20 

And I just want to say that I'm very 21 

thankful for the professionals to put all the 22 

information together, for allowing us to be a part of 23 

the process. 24 

And let's give these members back their 25 
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jobs.  These professionals are disclosing full-on 1 

information that's beneficial to the safety and the 2 

decommissioning of this project, and I ask that you vote 3 

and get this thing going, and let's put these people back 4 

to work. 5 

And let's continue to have SCE allow 6 

whichever vendor, whichever contractor steps up to the 7 

plate and becomes the awarding body for the 8 

decommissioning project to follow the safety process 9 

that it's had for years and make sure that all of our 10 

members, and anybody else that joins whichever union 11 

that goes into the decommissioning of this project, that 12 

allows them to go home safe to their families. 13 

I thank you for the opportunity to speak. 14 

(Applause.) 15 

FACILITATOR CAMERON:  Thank you, Val. 16 

And thank you very much, and we're going to 17 

hear from Gary Headrick.  We're going to go to Ace and 18 

Sharon.  And we're going to take a break quick for ten 19 

minutes, and we're going to keep going.  Gary? 20 

MR. HEADRICK:  Thank you.  Can you hear 21 

me?  There we go.  My name is Gary Headrick, founder of 22 

San Clemente Green, and we've been concerned about our 23 

safety ever since being contacted by some of the great 24 

workers at San Onofre, who we have a lot of respect and 25 
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concern for. 1 

Just one note about Val, I -- you know, we 2 

had a conversation shortly after the plant was announced 3 

to be shut down, and Val was concerned that the NR -- 4 

that he was being reassigned to fight fires when he 5 

hadn't been trained to do that in a radiological 6 

environment, but I think he's since been trained, so I 7 

am glad that's happened. 8 

But the point I want to make about what I've 9 

heard tonight is, actually, the most encouraging words 10 

I've heard is that you're trying to keep ahead of this. 11 

You are recognizing that you are not ahead 12 

of this issue about how we are going to deal with the 13 

nuclear waste on site, and deal with it safely, and I 14 

appreciate that. 15 

But the problem is, we're still rushing 16 

ahead to this -- expedite this decommissioning thing, 17 

which we all want to see happen as quick as possible, 18 

but we all agree that it has to be as safe as possible. 19 

And I believe that you need to seriously 20 

look at this problem longer, and not play word games 21 

about whether you approve it or not. 22 

You are the regulators.  You make the 23 

regulations.  And you're also guilty of making 24 

exemptions for regulations whenever the industry wants 25 
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it, and that's a real problem you have to get over if 1 

you want to earn the public's trust. 2 

So I'm appealing to Tom Palmisano, who I 3 

appreciate and respect in depth.  I think Edison is the 4 

one who we can thank for having shut down the nuclear 5 

power plant and done the responsible thing when the NRC 6 

did not step in and do -- prevent them from restarting 7 

a broken reactor without fixing it first. 8 

You know, so Tom, please, give us some time.  9 

Let's look at that more sturdy cask system.  Let's not 10 

rush into this, regardless of what the NRC decides. 11 

We need you to do the right thing, and we're 12 

putting a lot of faith in you.  We've got to get this 13 

right.  Thank you. 14 

(Applause.) 15 

FACILITATOR CAMERON:  Thanks, Gary. 16 

And Ace, why don't you come here so that 17 

they can get you on the camera?  Okay, go ahead. 18 

MR. HOFFMAN:  I agree that the people who 19 

worked at that plant were good all along. 20 

I've been fighting them for 20 years.  I've 21 

never had a problem at any of these meetings.  Nobody 22 

has ever come up to me and said anything nasty or mean.  23 

I think you're all good people. 24 

And if we decommission that plant right 25 
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now, one of them is going to die, on average, because 1 

of the difference in the amount of radiation that 2 

they're going to be exposed to.  And I wonder if they're 3 

ready to pick which one of them it's going to be, or 4 

whether it's going to be a multitude of them that are 5 

going to get some kind of cancer. 6 

Now that is what is going to happen, because 7 

the NRC's own statistics say that there's going to be 8 

a couple hundred rem dosage if we do it now, and it's 9 

only going to be a couple dozen rem if we do it later. 10 

So I'd like to see us wait.  But what I'd 11 

really like to talk about is that 5/8ths inch thick 12 

protection against a -- that's the radiological barrier 13 

for the next 60 years, is that 5/8ths inch stainless 14 

steel. 15 

The 3 to 5 inches of concrete is virtually 16 

irrelevant because it's designed with vents, so if 17 

something gets in there and damages the casks, we are 18 

going to have a problem. 19 

ISIS is training six year old kids to be 20 

suicidal terrorists.  ISIS is interested in a 21 

multi-generational attack against America.  ISIS is 22 

producing videos in which they are recruiting people in 23 

order to attack America. 24 

Now, Tom, I am sure that you are aware that 25 
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there are many, many weapons that can go through 5/8ths 1 

inches of steel.  This is a multitude of them. 2 

We have to protect that plant better.  We 3 

can't pretend that this -- that just because we're no 4 

longer a nuclear power plant, that we're no longer a 5 

target. 6 

We are most definitely a target because of 7 

where we are and who we are, and because of our freedoms, 8 

and because we can have a meeting like this.  This makes 9 

us vulnerable. 10 

So you have to consider not just the things 11 

that they tell you to consider, but everything that your 12 

heart tells you to consider. 13 

That's really all I have to say, this is 14 

practically the last meeting that we're going to need 15 

to attend here.  16 

And I want to thank all of the workers at 17 

San Onofre.  I don't believe any one of them did a bad 18 

job. 19 

(Applause.) 20 

FACILITATOR CAMERON:  Thanks Ace, and last 21 

commenter before the break is Sharon. 22 

MS. HOFFMAN:  Good evening everybody, and 23 

thank you for giving me an opportunity to speak tonight. 24 

I have a few questions.   25 
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The first question is really kind of 1 

simple.  Does anybody have the ability to say no?  In 2 

a business environment, there's a big difference 3 

between the people who can say yes and the people who 4 

can say no. 5 

And I didn't hear anybody from the NRC say 6 

I am the guy, I can say no, I can say stop, I can say 7 

we need more information. 8 

And I think that's important.  Somebody 9 

should be able to say no. 10 

I also want to say to the gentleman who 11 

spoke about the finances that realistically, assuming 12 

that the DOE is going to take all the fuel from San Onofre 13 

by 2052 is not realistic. 14 

If you look back to 1988, say, we would have 15 

said all that fuel that has already been accumulated 16 

would be gone by now.  And it's not.  So let's be more 17 

realistic than that. 18 

And last but not least, let's not be in a 19 

rush to put this fuel into casks.  It -- keeping it in 20 

the pools gives us an opportunity to observe it, gives 21 

us -- gives SCE and the NRC the opportunity to learn 22 

something about the aging of casks. 23 

We're talking about leaving fuel in casks 24 

for hundreds if not thousands of years, and we have no 25 
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experience in that.  So what's the rush?  Thank you. 1 

(Applause.) 2 

FACILITATOR CAMERON:  Okay, thank you, 3 

Sharon.  Let's come back around, let's come back around 4 

five to 8:00, that's like seven or eight minutes, and 5 

we'll get started down here, okay, and we'll keep going.  6 

Thank you. 7 

(Whereupon, the meeting went off the record 8 

at 7:48 and resumed shortly thereafter.) 9 

FACILITATOR CAMERON:  All right.  Are you 10 

ready, are you ready to go?  And please introduce 11 

yourself. 12 

MS. JOHNSTON:  Hello.  My name is Chris 13 

Johnston.  I thank you all for coming, and I want to 14 

believe that your safety recommendation is number one.  15 

  And I'm concerned about our community, I'm 16 

concerned about eight and a half million people. 17 

I would not want to be sitting in your 18 

shoes.  You have a very grave responsibility before 19 

you.  20 

I have concerns about the canisters, as 21 

other people have expressed -- the NUHOMS canister 22 

that's 5/8ths inch thick, that you have done some salt 23 

spray testing on at Diablo Canyon, and found stress 24 

corrosion cracking.  25 
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And we are talking about atmospheric 1 

corrosion here at San Onofre.  So deeply concerned that 2 

these casks, these canisters, are not going to withstand 3 

atmospheric pressure. 4 

And beyond that, I'm also wondering, and I 5 

believe this is a question for Al, regarding the seismic 6 

rating for cracked canisters.  Can you answer that? 7 

MR. CSONTOS:  Can you hear me? 8 

MS. JOHNSTON:  Yes. 9 

MR. CSONTOS:  All right, first of all, let 10 

me get to your -- one point you mentioned about seeing 11 

stress corrosion cracking at Diablo, it has not 12 

happened, okay? 13 

MS. JOHNSTON:  It has the potentiality to 14 

happen. 15 

MR. CSONTOS:  There are chlorides there, 16 

okay?   17 

MS. JOHNSTON:  Yes. 18 

MR. CSONTOS:  There were chlorides that 19 

were found at Calvert Cliffs, there were chlorides that 20 

were found at Hope Creek, as well. 21 

They were on brackish water.  Diablo is 22 

right there, that's the coast. 23 

That's one of the reasons why the EPRI went 24 

ahead and did that analysis, or went ahead and had 25 
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volunteer sites -- these three were volunteers, okay.  1 

They didn't need to do it, they weren't required to do 2 

it, they just volunteered to do it, okay? 3 

So that showed a lot of stewardship on their 4 

part, to do that. 5 

Now, about two weeks ago -- all right, so 6 

about July, we held a public meeting.  We went out there 7 

and showed our cards, and we said, this is the Aging 8 

Management Program that we want for stainless steel 9 

canisters, period, okay? 10 

That required inspections, that required 11 

operational experience evaluations, that inquired -- 12 

that required corrective actions, quality assurance, 13 

all that, okay? 14 

Two, let's see here, about -- that meeting 15 

was, after that meeting there was another meeting on 16 

chloride stress corrosion cracking.  And I know several 17 

folks were on that phone call, okay? 18 

That meeting went very long.  We were 19 

kicked out of the room because we had so many questions, 20 

which is great. 21 

I talked to Donna after that meeting about 22 

these issues.  That meeting was the prelude to the 23 

report that EPRI was about to provide.  Now that report 24 

was published two weeks ago. 25 
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MS. JOHNSTON:  I read it, yes. 1 

MR. CSONTOS:  No, that's a different one, 2 

I think it -- the Flaw Evaluation and Growth 3 

Calculations, have you heard of that one? 4 

MS. JOHNSTON:  No. 5 

MR. CSONTOS:  Let me give that to you.  You 6 

can go to the EPRI's website, and I am going to pull that 7 

up here. 8 

Oh, it's back here.  It's report number 9 

3002002785.  Do you want me to repeat that? 10 

MS. JOHNSTON:  Yes.  I, I, yes, it's okay, 11 

I will be watching the -- she's got it. 12 

MR. CSONTOS:  So -- so in that report they 13 

did a calculation, a much more sophisticated 14 

calculation than what we had intended to do, where we 15 

just did a quick calc, okay, for Calvert in specific. 16 

Now what they evaluated is they looked at 17 

all the conditions, they went to the Camp Pendleton -- 18 

is it Pendleton? -- Pendleton site here, and they pulled 19 

out all the information on the atmospherics, the 20 

weather, and everything. 21 

Pulled out some of the calcs that they did, 22 

were very, were very sophisticated based on that. 23 

Their worst case scenario, okay, this is -- 24 

there's two, you've got to remember, there's two, two 25 
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-- two stages of stress corrosion cracking for 1 

chlorides. 2 

There's the incubation period, where you 3 

get all the environments, you get all the conditions 4 

that could start cracking, okay.   5 

Then you have the actual crack growth.  6 

Okay, there's two stages -- incubation plus initiation, 7 

and then crack growth. 8 

They just only looked at crack growth.  9 

They did not look at how long it would take to get to 10 

that stage, because just having chlorides there is not 11 

sufficient to have cracking to start, okay? 12 

You need to be in a relative humidity 13 

environment, you need to have the material conditions, 14 

you need to have a lot of things that have to play out 15 

to get this to start cracking. 16 

We raised this issue nearly nine, ten years 17 

ago.  We're at the stage now where we're trying to act 18 

on it. 19 

The calcs that came out, okay, and I'm going 20 

to give these numbers to you -- for ambient plus 15 21 

degrees, that means 70 degrees plus 15 degrees Celsius, 22 

so that's about what, 20, 25 degrees Fahrenheit, roughly 23 

-- to get a 50 percent through-wall crack, this is just 24 

not assuming how long it takes to start, to get the 25 

SCE-SER 001870

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 230 of 295
(1904 of 2110)



 92 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

incubation period to begin, that could take years to 1 

decades, okay -- you have 18.2 years, okay, by their 2 

calcs, to go through-wall of a half-inch thick canister. 3 

To go through-wall, completely 4 

through-wall, it's 60 years, over 60 years, okay.  To 5 

go 75 percent through-wall it's about 40 years.   6 

Okay, now if you take it to the 5/8ths inch 7 

canister, you're talking about, worst case now, worst 8 

case, 28 years to go halfway through wall, and to go full 9 

through wall, over 86 years. 10 

So I want you to understand that this is the 11 

-- we're, we're trying to get ahead of this.  That is 12 

what I am trying to say. 13 

MS. JOHNSTON:  What is your defense in 14 

depth, in that case, if it does happen? 15 

MR. CSONTOS:  If it does happen, you know, 16 

this is why we're doing the inspections, okay? 17 

MS. JOHNSTON:  How can you inspect 18 

canisters that can't be inspected? 19 

MR. CSONTOS:  Well, you mentioned that 20 

they already did inspections at Diablo, and I mentioned 21 

Hope Creek, and I mentioned the volunteer inspections 22 

there. 23 

There are also Calvert Cliffs, the 24 

inspection for their license renewal, Oconee and Surry 25 
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did as well.  Those are visual exams -- 1 

MS. JOHNSTON:  Okay, you're saying you can 2 

go all around the canisters and you can see everything, 3 

every potential crack? 4 

MR. CSONTOS:  So -- part of what, well, 5 

what we do here, and that's where in the meeting that 6 

we had that was back in that July time frame, we talked 7 

about a Koeberg plant, that was a South African plant, 8 

Donna, you showed me that slide that I showed you 9 

earlier, or that we had at that meeting. 10 

The Koeberg plant had cracking in a 304 tank 11 

and a pipe, okay? 12 

And they went ahead and inspected, and they 13 

repaired it.  So there are repair technologies, and we 14 

have seen inspection technologies that are out there, 15 

okay? 16 

MS. JOHNSTON:  Okay, now back to the final 17 

question, is the seismic -- the seismic rating for 18 

cracked canisters back to -- 19 

MR. CSONTOS:  So we did a calc on that -- 20 

FACILITATOR CAMERON:  Thank you, Chris.  21 

Seismic. 22 

MR. CSONTOS:  -- so let me talk about the 23 

calc on seismic, all right. 24 

What San Onofre did is they analyzed to six 25 
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G's, which is ten times what their design basis was for 1 

for this 1029 system. 2 

We went ahead and analyzed for the loads 3 

that would occur for the six G's, so that's ten times 4 

what a earthquake would be here for, what the 5 

design-basis earthquake, okay, ten times that. 6 

You would have to lose over 80 percent of 7 

the entire canister thickness, the entire canister 8 

thickness, before you would have any issues, okay, for 9 

a ten time seismic. 10 

That's the robustness in this design.  11 

That is what I am trying to get across, that this design 12 

and these systems are so over-designed for these types 13 

of conditions. 14 

Now, yes, you know, we don't want to ever 15 

get to a crack that is 75 percent through-wall.   16 

That's why we're doing this inspection.  17 

That's why we're doing these aging management plans.  18 

That's why we're trying to get ahead of this, okay? 19 

The first -- the renewal for San Onofre will 20 

be in 2023, okay?  2023 is right around the corner. 21 

At that time, we will inspect, probably the 22 

worst -- the worst, in terms of our environmental, our, 23 

you know, evaluation. 24 

EPRI, that's the Electric Power Research 25 
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Institute, that did this Flaw Evaluation Study, is doing 1 

a compendium that's coming out this year sometime. 2 

That's looking at the environmental 3 

factors, the prioritization.  And from that, we're 4 

going to prioritize which canisters, how we can focus 5 

our inspections on a specific canister, okay? 6 

At that time, that's what we're going to be 7 

doing for -- by the time that San Onofre comes around, 8 

this technology will have been used. 9 

We have put into the Calvert Cliffs 10 

renewal, we have put in there what they need to be able 11 

to inspect, okay, within the three years.  12 

FACILITATOR CAMERON:  Okay, thank you.  13 

And we did get an extension until 20 after 9:00, okay, 14 

so we have some more time, but one other suggestion is, 15 

and this all depends on Al's goodwill and schedule and 16 

all that stuff, but we need to be out of this room by 17 

20 after 9:00, but there's no reason why you can't have 18 

an informal conference with Al out there somewhere, 19 

okay? 20 

So I am glad you are not listening, Al, 21 

because I got you committed.  Okay, great. 22 

Let's go to Kevin, Kevin Blanch, back here, 23 

and then we're going to spend some time here, go to 24 

Richard McPherson, we'll go over that side of the room.  25 
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Kevin, go ahead. 1 

MR. BLANCH:  Well, I want to first say that 2 

the NRC, which I call you guys the Nuclear Rallying 3 

Cheerleaders, I don't want any of you to take this 4 

personal, what I'm about to say. 5 

I would be more than happy, I am staying at 6 

the hotel, to sit down and have a beer with any one of 7 

you, and I'll even buy, because we always buy. 8 

I have been fighting San Onofre since I was 9 

a little boy.  I was given two months to live three years 10 

ago.  My father was nuked to death in the Nevada test 11 

site from Pendleton.  I have been anti-nuclear.  12 

I want to ask this simple question to the 13 

NRC, and again, do not take this personally, I call you 14 

the Nuclear Rallying Cheerleaders.   15 

You have no Congressional powers 16 

whatsoever, none.  You are the Nuclear Regulatory 17 

Commission.  You are not the executive branch, you are 18 

not the legislative branch, you are not the judicial 19 

branch, none of the above. 20 

Congress makes law, not you.  And when you 21 

come out and slide in and say oh, we're turning America 22 

into America Toxic.  We are going to take every one of 23 

these catastrophes, which is the biggest mistake in 24 

human history called nuclearism and turn them into 25 
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official nuclear waste dump sites. 1 

Only Congress has that ability to do that, 2 

not you.  Not the NRC.  I know Allison.  I am glad 3 

Allison resigned, and hopefully on November 4th, maybe 4 

Harry Reid, who is protected from putting this monster 5 

in Yucca Mountain, which Congress was promised to put 6 

in Yucca Mountain. 7 

I sat right here in the 60s and listened to 8 

these same ridiculous conversations about what we're 9 

going to do with the waste, where we're going to put it. 10 

That stuff needs to come off that cliff 11 

yesterday.  San Onofre is the poster-child for 12 

everything wrong with the nuclear industry.  It is a 13 

catastrophe, and if it was up to the Nuclear Rallying 14 

Cheerleaders, it was all the grassrooters.   15 

And I would like to say thank you, and get 16 

this into the public domain, to the grassroot activists 17 

in Southern California. 18 

I live in Utah, which you parked the 19 

generator in my backyard, illegally. 20 

I would like to say thanks to Gene, Ace, all 21 

these people that have fought this tooth and nail.  It 22 

was us as grassrooters that exposed the lies that was 23 

going on by PG&E, the great crimes against humanity. 24 

You protected them.  The lie on the 25 
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exchange of the generator, these crimes against 1 

humanity that were taking place -- you are not Congress. 2 

Yucca Mountain is a bad idea.  Shooting it 3 

into space is a bad idea.  But I'll tell you what's 4 

really a bad idea.  Nuclear.  Building a nuclear site 5 

on a cliff, on the most beautiful beach in the world, 6 

on a cliff, and then storing the waste there for 40 years 7 

when it's not built to dispose of the waste. 8 

Dry cask is a catastrophe, it's a pathetic, 9 

stupid idea.  Yes, Yucca Mountain is pathetic, but 10 

Congress passed Yucca Mountain.  You're not Congress. 11 

Ship it to Yucca Mountain.  Yeah, I know 12 

that's a horrible debate and Congress can't get anything 13 

done, but we still have a Constitution.  And it was 14 

approved and passed to be in Yucca Mountain decades ago. 15 

And Harry Reid blocks it.  Yeah, I 16 

understand.  Born and raised at Yucca Mountain, he has 17 

to get elected, his power. 18 

But again, don't take this, any of it, 19 

personally, but I consider the NRC to be nothing but a 20 

group of criminals who protect other criminals. 21 

San Onofre are criminals, period, period.  22 

What they pulled on the exchange, the crimes against 23 

humanity -- nuclear fallout is leukemia.  My father 24 

died of it, and now I'm fighting for my life with it.  25 
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So many are. 1 

That stuff needs to come off that cliff 2 

before we get an earthquake.  Dry cask, whatever you 3 

will -- not stay there.  It is a catastrophe, ticking 4 

time bomb.  Thank you.  5 

(Applause.) 6 

FACILITATOR CAMERON:  Okay, Kevin.  7 

We're going to go to Alan. 8 

MR. WOO:  My name is Alan Woo.  I am with 9 

the Asian Pacific Planning Council of Orange County. 10 

I used to be chair of the Low Income 11 

Oversight Board with the CPUC.  So I understand a little 12 

about the rate payer and what regulatory agencies kind 13 

of look at. 14 

I could kind of appreciate Southern 15 

California Edison though, in making a decision to stop 16 

operation.   17 

They did that voluntary.  There might have 18 

been some encouragement, but nevertheless, here we are, 19 

right?  We're closed, we shut it down, we're trying to 20 

come up with a plan to contain it, store it, and then 21 

go forward as those policies that the federal government 22 

has to yet come into place. 23 

Something has to be done now because I did 24 

a calculation when 2052 would be, that's 38 years from 25 

SCE-SER 001878

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 238 of 295
(1912 of 2110)



 100 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

now.   1 

I may not be around, and maybe most of you 2 

guys are not going to be around, and most of the 3 

activists here won't be around too, but we leave in place 4 

what we start today. 5 

And I could appreciate that you thought 6 

about inspections, you thought about containment, you 7 

thought about storage, you thought about all these 8 

things, and that each one of you pledged that you are 9 

going to become good stewards in terms of making sure 10 

of the future. 11 

So at least now, I could see the faces of 12 

people who are committed to doing something to 13 

decommissioning it in a responsible way, to contain this 14 

situation that we have, and to move forward. 15 

I don't know what's going to happen in 38, 16 

40 years, who may be sitting up there, if there is 17 

anyone, whether anyone cares in Washington, or 18 

whatever.  19 

But I know today, you know, there's people 20 

in the community that cares. 21 

I know that we have a utility company that 22 

cares and has been transparent, and has been talking to 23 

us in the community about the impact on us, and you had 24 

a lot of workers here who need to go back to work who 25 
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know and care how to clean up this thing. 1 

So that's all I'd like to say, I just think 2 

that you presented a large plan here, it covers every 3 

area including environmental impact, we just got to see, 4 

if we don't start now, and we postpone it, you know, you 5 

are just postponing a problem and you're not getting 6 

started.  7 

FACILITATOR CAMERON:  Thank you, Alan.  8 

Donia? 9 

MS. MOORE:  Good evening.  My name is 10 

Donia Moore, I am with the San Clemente Chamber of 11 

Commerce. 12 

I'd like to thank the NRC and Edison for 13 

having this forum and allowing us to speak here. 14 

I am aware, of course, as you've discussed 15 

often tonight, that the NRC gave Edison 60 years to do 16 

the decommissioning process, and they voluntarily 17 

decided to do it on a 20 year timeline, which I think 18 

is very commendable. 19 

And I understand the need to remove the 20 

waste that's being stored currently at San Onofre. 21 

However, I have a question, and that is that 22 

one of the things that hasn't really come up much is 23 

that, as I understand it, it's actually the federal 24 

government that is the body that is giving permission 25 
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to remove the waste, and as where to put it, and there's 1 

no repository at this moment. 2 

And I haven't heard anything about when 3 

there will be a repository to remove the waste to, so 4 

it's great to talk about removing the nuclear waste, but 5 

how are we going to do that if we don't have any place 6 

to store it? 7 

And as I understand it, that's up to the 8 

federal government, is that correct? 9 

FACILITATOR CAMERON:  Should we go to 10 

Keith McConnell for a little bit of history on this?  11 

This is Keith McConnell, who is the Director of the Waste 12 

Confidence Directorate who did the Environmental Impact 13 

Statement and Rulemaking called Continued Storage. 14 

But Keith, do you want to provide some 15 

information to Donia on that?   16 

MR. MCCONNELL:  Yes, it is the Department 17 

of Energy's responsibility to manage the disposition of 18 

spent nuclear fuel from all the power plants across the 19 

country. 20 

The Department of Energy's most recent 21 

issuance in terms of a repository was put out in January 22 

of 2013.  23 

What they envisioned at that time was a 24 

stage process where there would be a pilot effort to take 25 
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the spent fuel to a centralized interim storage 1 

facility, and then there would be a full scale interim 2 

storage fuel facility in the 2020, mid-2020s time frame. 3 

And then a process where they would go 4 

through and solicit interest in development of a 5 

geological repository other than Yucca Mountain. 6 

And that's all in this strategy that they 7 

issued in 2013.  Now there is legislation required to 8 

allow that strategy to proceed, and it also depends on 9 

community involvement and state involvement in terms of 10 

looking for a repository. 11 

But that repository would not be available 12 

until the 2048 time frame, and that ties into the 13 

presentation that San Onofre gave today. 14 

Does that help? 15 

MS. MOORE:  Yes, thank you, it does. 16 

FACILITATOR CAMERON:  Thank you, Keith.  17 

And let's go to Heather and Steve, and then we're going 18 

to go to Richard, and then we'll go over to Ray and 19 

everybody over there.  Heather? 20 

MS. JOHNSTON:  My name is Heather 21 

Johnston, I am the Executive Director of the Dana Point 22 

Chamber of Commerce. 23 

And I am interested in more of the process, 24 

so my question is, is what will be the daily 25 

SCE-SER 001882

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 242 of 295
(1916 of 2110)



 104 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

responsibilities of the NRC resident inspector?  How 1 

are their activities changed as the project progresses?  2 

And how are you going to communicate that to the 3 

community and to our local businesses? 4 

MR. KELLAR:  I think that's probably a 5 

question for me. 6 

There is currently a senior resident on 7 

site.  That person stayed on site after San Onofre had 8 

shut down. 9 

Long-term, that position will not be there, 10 

day-to-day, but will be a regional-based inspector that 11 

will be in concert, or not in concert, but in contact 12 

with the licensee, and they will be aware of any of the 13 

higher risk activities as well as the activities that 14 

the licensee is undertaking. 15 

So the resident inspector will not be 16 

there, but the inspector from the region, the teams and 17 

the individuals will be going out and performing the 18 

inspections, particularly based on the higher-risk 19 

activities. 20 

Now, what I mean by that is, as the licensee 21 

prepares to move the fuel from the spent fuel pool to 22 

the ISFSI, that would be a higher-risk activity.  Some 23 

of the dismantlement of the different systems that had 24 

radiation and radioactivity would also be a higher risk 25 
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activity.  1 

So we would have inspectors that would be 2 

there and watch those higher risk activities, as well 3 

as, I tried to explain during the presentation, there 4 

are certain aspects of the day-to-day operations that 5 

also are inspected on a routine basis, such as the 6 

organization of the licensee, how they maintain the 7 

business, how they perform their audits, how they 8 

perform their self-evaluations. 9 

All those are looked at, and they're 10 

planned in advance, and the inspection teams would go 11 

out and inspect those, as well as the higher-risk 12 

activities. 13 

MS. JOHNSTON:  Thank you. 14 

MR. KELLAR:  You're welcome.  15 

FACILITATOR CAMERON:  Okay.  Is this 16 

Laurie (phonetic)?  Okay, why don't we stop here.  Go 17 

ahead. 18 

PARTICIPANT:  Hi.  I would like to ask the 19 

question of this gentleman on the end here, okay. 20 

The gentleman on the end here made a 21 

statement about dose rates, and you said that you 22 

compared it to background radiation in certain areas of 23 

the world. 24 

And I just wanted to state that what's in 25 
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the casks there at San Onofre is not background 1 

radiation, it's the most dangerous manmade 2 

radionuclides in the world.  And you can't compare that 3 

to background. 4 

And if the rest of the NRC stands behind 5 

that statement, then that's a criminal act.  6 

FACILITATOR CAMERON:  And you're talking 7 

about Mr. Camper on the end?  Larry, do you want to 8 

clarify anything on that one? 9 

MR. CAMPER:  Yes, I will.  Thank you for 10 

the question. 11 

What I was trying to do was to draw a 12 

comparison as to what it means in our standard that we 13 

require. 14 

When that site is ultimately 15 

decommissioned, it has to meet that dose standard to be 16 

released, and that's 25 millirem and ALARA. 17 

What I was trying to give some perspective 18 

on what is 25 millirem, because a lot of folks look at 19 

that and they say, well, what is 25 millirem? 20 

So I was trying to draw a comparison.  If 21 

you get on an airplane and you fly to New York, it's three 22 

millirem.  The natural background radiation in the 23 

United States, as I said, is 300 to 600 millirem, 24 

depending on where you are. 25 

SCE-SER 001885

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 245 of 295
(1919 of 2110)



 107 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

I agree -- I beg your pardon? 1 

PARTICIPANT:  That's not massive 2 

radiation. 3 

MR. CAMPER:  Oh, I agree with that, I agree 4 

with your point fully.  If you're saying that there's 5 

a dose -- I'm sorry? 6 

PARTICIPANT:  The problem at San Onofre is 7 

not the background radiation. 8 

MR. CAMPER:  Oh, I agree with you fully, 9 

it's not background radiation.  Of course it's not. 10 

FACILITATOR CAMERON:  Okay.  Sounds like 11 

there's some agreement here, but let's let Larry finish, 12 

and then we're going to go to some other people, thank 13 

you, Laurie.  Larry? 14 

MR. CAMPER:  No, I agree with you that it's 15 

not background radiation.  I was simply trying to draw 16 

some reference to what 25 millirem meant when that site 17 

is decommissioned to satisfy that dose standard. 18 

FACILITATOR CAMERON:  Okay.  Steve? 19 

MR. ADAMS:  I am Steve Adams (phonetic), a 20 

resident in Laguna Niguel. 21 

And reading through the report, I had a 22 

question, couple of questions. 23 

The term "islanding" of the pool, the spent 24 

fuel pools, was used, and I'm not clear on what islanding 25 
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would be in those pools. 1 

And then my next question is based on 2 

listening to some of the previous commentations.  Is it 3 

safer for the spent fuel to be in pools, or is it safer 4 

for it to be in the casks that are proposed right now?  5 

FACILITATOR CAMERON:  Well those are good 6 

questions.  And who would like to take the islanding on? 7 

MR. PALMISANO:  So let me take that on, 8 

because I think that came off our slides. 9 

FACILITATOR CAMERON:  Okay.  10 

MR. PALMISANO:  That is a term that refers 11 

to taking the current spent fuel pool cooling system 12 

which are installed plant equipment that will be taken 13 

out of service. 14 

When we say "islanding," that means putting 15 

in dedicated standalone cooling systems for the spent 16 

fuel pools.  So we essentially island it and separate 17 

it from, disconnect it from the rest of the installed 18 

plant equipment.  That's what the term islanding means. 19 

FACILITATOR CAMERON:  Okay.  And does 20 

anybody want to talk to the question that's been 21 

percolating for a while now about is it safer in pools 22 

or dry storage?  Doug? 23 

MR. BROADDUS:  So, the -- our requirements 24 

are that both processes have to be safe, and so we 25 
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consider them, and we've looked at them in the past, you 1 

know, to see, is there benefits one way or the other? 2 

And there was recent -- there was a recent 3 

study that was actually put up to the Commission, to our 4 

Commission, to see whether there was a need for their 5 

to be an expedited transfer of fuel from the spent fuel 6 

pools to dry cask storage. 7 

And the determination was that there is no 8 

real benefit from that standpoint to do it in an 9 

expedited manner, so to get in there sooner. 10 

In some cases, you can't actually take the 11 

fuel and put it into spent -- in dry cask storage, within 12 

-- until after a certain amount of time, because it just 13 

can't get into the casks, the casks can't handle the 14 

amount of heat that's going to be generated by that, so 15 

it has to stay in the spent fuel pools. 16 

But the spent fuel pools are build to be 17 

very -- very rugged structures that are going to 18 

withstand the same seismic types of loads and such that 19 

the casks would have to be able to withstand as well, 20 

to be able to dissipate the heat in the same manner as 21 

the casks would, but just through a different process. 22 

They're dissipating it through the water 23 

that they're in, whereas the casks are dissipating it 24 

through the transfer into the air, or the atmosphere 25 
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that's within the casks themselves.  So it's a 1 

different process.  2 

(Off mic question.) 3 

FACILITATOR CAMERON:  Let me -- let me 4 

just, this will be the last question, but go ahead. 5 

MR. ADAMS:  No, I was referring to the 6 

comment that was made about, like, a terrorist attack.  7 

Is it being in a pool, is that safer than being encased 8 

in stainless steel and concrete?  9 

MR. BROADDUS:  All right, so, from the 10 

standpoint of terrorist attacks, obviously with -- you 11 

can't quantify, it's very difficult to quantify what 12 

type of a terrorist attack has to occur. 13 

So what we've tried to do, and what we've 14 

done, is establish what's called a design-basis threat, 15 

and that's a threat that has been established to provide 16 

assurance, very high assurance, of that they're going 17 

to be able to, the licensee would be able to thwart an 18 

adversary coming in to, and then attacking it. 19 

So that's what the -- from a terrorist 20 

standpoint, our defense in depth is to ensure that they 21 

have a good strong security program to ensure that the 22 

terrorists are not going to be successful in whatever 23 

attack that they would do.  24 

FACILITATOR CAMERON:  Okay, thank you, 25 
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thank you for that.  Richard McPherson. 1 

MR. MCPHERSON:  Good evening.  I hear a 2 

lot of negative information, about 90 percent of the 3 

people are talking negatively about nuclear power, 4 

something they don't really know about. 5 

50 years ago, I suited up in NICs (phonetic) 6 

for the first time, and I participated in a defueling 7 

of a reactor and a refueling of a reactor. 8 

And I have been involved in that process 9 

ever since.  I was even selected to represent the United 10 

States at the International Atomic Energy Agency for 11 

four years on something called Nuclear Fuel Cycle 12 

Facilities, which is the front end and the back end, the 13 

environment and public opinion. 14 

And I have now been involved for almost 51 15 

years in nuclear power.  I have little or no concerns 16 

over what you are presenting here because I've seen it 17 

presented so many times, and I've seen it be successful. 18 

It's unfortunate that there's so much 19 

misinformation out there and there's so much 20 

misinformation that's generated on purpose to cause 21 

fear in people. 22 

But as an operator of five nuclear power 23 

plants, and I've been involved in refuelings and been 24 

involved in the back end of the fuel cycle since, a lot, 25 
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since 1992, I appreciate everything you are saying and 1 

doing and I think we're going to be safe. 2 

Thank you very much. 3 

(Applause.) 4 

FACILITATOR CAMERON:  Yes, sir. 5 

MR. GARDNER:  Yeah.  God evening, I'm 6 

Richard Gardner (phonetic) from Capistrano Beach. 7 

I feel that the process is in place to lead 8 

us to a safe condition, even though I think I agree with 9 

everyone that getting the spent fuel out of the, off the 10 

site and in a permanent repository would probably be the 11 

long-term benefit, and that's not in your hands. 12 

What I am here to suggest is that the San 13 

Onofre Nuclear Generating Station should be re-purposed 14 

into a reverse osmosis drinking water facility, at least 15 

for the intake structures and the turbine buildings. 16 

And I believe that, you know, without 17 

actually doing the, you know, preliminary design, that 18 

it would be easy to have 50 million gallons a day, or 19 

100 million gallons a day. 20 

And that water would be provided, and it 21 

would be adequate supplies for the Marine Corps that 22 

live on the base, and also it would satisfy the demands 23 

of at least 25 percent of south Orange County, which 24 

goes, which covers a great distance. 25 
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So I think that's a much higher and more 1 

important use, considering if this drought does not -- 2 

if we don't get some rain pretty soon, we could be 3 

drawing Lake Mead down, and we may be in a position where 4 

we would have hundreds of thousands, if not millions, 5 

of people dependent on a water source that isn't there. 6 

So that's why I think it would be best if 7 

there was a planning, a planning facility where we would 8 

look at a contingency of converting or re-purposing the 9 

plant, and doing it in a way that the transition could 10 

occur, to whoever the third party is, and it could be 11 

Southern Cal Edison but it could be anyone else, and that 12 

the discussions with the Navy happen immediately so that 13 

we could save Southern Cal Edison over $130 million for 14 

the demo of the turbine buildings alone, and we would 15 

save the water authority another $100 million for the 16 

new facilities. 17 

And you know, the plant here in Carlsbad is 18 

costing $1 billion for an RO plant to produce 50 million 19 

gallons a day. 20 

So we could have that, and I think we should 21 

begin to focus on that's more important than many of the 22 

things that we are now concerned about that are 23 

hypothetical. 24 

So if anyone can figure out how to get 25 
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through the right departments within the federal 1 

government and in the state, to think about how it 2 

affects Southern Cal Edison's planning process, I would 3 

like to be actively involved.  Thank you.  4 

FACILITATOR CAMERON:  Okay, thank you.  5 

Let's go over here to, let's go to Ray.  And then we'll 6 

go to -- 7 

MR. LUTZ:  Okay, hello, my name is Ray 8 

Lutz, I am with citizensoversight.org.   9 

I wanted to bring up some of the things that 10 

concern the public about the process and where we are 11 

today. 12 

I am one of those that are very happy that 13 

the plant is shut down.  I don't think that nuclear 14 

power is a good idea, I don't think that it's safe to 15 

have all this waste around.   16 

That's the definition, the non-definition 17 

of green.  If you have a whole bunch of waste at the end, 18 

it's not green energy. 19 

And we have a whole bunch, 3.2 million 20 

pounds of highly radioactive waste that we've got to 21 

deal with now. 22 

The problem is that it almost seems like 23 

we're seat-of-the-pants operation here.  Almost 24 

nothing has been really planned ahead -- you say, we've 25 
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decommissioned all these other plants, but we really 1 

don't really have a solution for this fuel, still. 2 

It's really not a good plan yet.  And no one 3 

is sitting here saying, here is our plan for the next 4 

ten, twenty, thirty years.  There is no plan.  All we 5 

got is here.  That's the end of the plan, a foreseeable 6 

future. 7 

You say, for the foreseeable -- what the 8 

hell is that?  What is a foreseeable future?  Ten 9 

years?  Is that it?  Is that the foreseeable future for 10 

the NRC?  20 years?  I mean, what is foreseeable? 11 

Because right now the only plan is leave it 12 

here on the coast.  Edison doesn't have a plan for the 13 

next ten years, the next place.  Everybody is pointing 14 

fingers.  The Department of Energy's responsibility, 15 

not us. 16 

NRC, we don't even have to approve the damn 17 

plan.  It's not our responsibility.  If it goes south, 18 

eh, we didn't approve it.  That was their problem, 19 

because we have a way out, we've covered our butts.  We 20 

don't have to approve the plan. 21 

Who came up with this?  Who came up with the 22 

fact that the actual license amendment process is at the 23 

very end?  When everything is done, we finally talk 24 

about whether we should approve it. 25 
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Like, in 50 years from now, we're going to 1 

talk about what we did was 50 years ago, was okay.   2 

The NRC is all backwards.  You have the 3 

license amendment for the termination at the very, very 4 

end, instead of doing it -- why did they do that?  And 5 

it's because they said, oh, there's going to be some 6 

activists that are going to be out there and they're 7 

going to put blocks in what we're doing, so I'll tell 8 

you what, let's put the license termination plan at the 9 

very end, so that no one can block it. 10 

That's where we are now.  The NRC doesn't 11 

even have to approve it.  12 

Seat-of-the-pants operation, no approval, 13 

no long-term or even 10, 20 year plan.  These are all 14 

big problems in our minds. 15 

The fact that the license termination is at 16 

the very end of the process.  It should have been now.  17 

And you're saying we don't have to approve it. 18 

My proposal is, you are going to have to 19 

work around this system.  Stop pointing fingers at the 20 

Department of Energy.   21 

Southern California Edison, thank you for 22 

shutting it down.  Now you need to do your part by 23 

planning, here is what we are going to do with the fuel 24 

over the next twenty, thirty years.  Make a plan.  It's 25 
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not going to be perfect, but at least get it started. 1 

NRC, do your part by approving this plan.  2 

I don't care if they say it's not your, you can't approve 3 

it -- do it anyway.  Say, we are approving this, and 4 

you're putting your butt on the line. 5 

And I expect you to be able to say we're not 6 

approving it, and Southern California Edison will 7 

cooperate.  And they'll say, you know what, you guys 8 

haven't approved it yet, there are some problems?  9 

We're going to fix those.  I know Tom Palmisano would 10 

love to do that.  He would love to fix any problems that 11 

you've got. 12 

So don't say, oh, it's the end of the clock 13 

-- we're not done yet, but go ahead.  Make sure that 14 

everything is done, all the i's are dotted and all the 15 

t's are crossed. 16 

I think it's right.  You know, this thing 17 

about the fuel pools, the guy just asked, he's not here 18 

anymore.  That study that you said, oh, it's the 19 

expediting the fuel out of the fuel pools into the dry 20 

casks -- the only reason they said that was because of 21 

cost. 22 

That wasn't because of a safety issue, and 23 

the whole system that you guys use at the NRC is screwed 24 

up because you start with the cost analysis before 25 
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you've ever gotten done with the first, the safety 1 

analysis.  They jump right away into the -- whether it's 2 

cost effective or not. 3 

And so that's why they came up with that.  4 

It probably is better to put them in the dry casks.  5 

Let's face it.  If you have a terrorist attack, the fuel 6 

pools are not as safe as a dry cask.  And that should 7 

be the answer. 8 

Sir, you answered that?  Your answer 9 

should be, the fuel pools are not as safe as a dry cask 10 

in a terrorist attack. 11 

You know, you've got to say something -- you 12 

think they're just equally as safe?  Is there an answer?  13 

MR. BROADDUS:  I explained that it's the 14 

design-basis threat, and the licensee has to protect 15 

against the design-basis threat, and regardless of 16 

whether they are attacking the spent fuel pools or 17 

they're attacking the casks, they have to be able to 18 

thwart, they have to be able to thwart the adversary -- 19 

FACILITATOR CAMERON:  Okay. 20 

MR. BROADDUS:  So it -- and prevent the 21 

attack from being successful -- 22 

FACILITATOR CAMERON:  Thank you.  23 

MR. BROADDUS:  -- so it doesn't matter 24 

where they attack.  25 
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FACILITATOR CAMERON:  All right.  Ed.  1 

DR. SIEGEL:  Yeah, hi, my name is Dr. 2 

Edward Siegel (phonetic), a graduate of Berkeley, 3 

Michigan, Michigan State, MIT, Westinghouse Combustion 4 

Engineering GE, PSEG, and the IAEA, many years.  Son of 5 

Sidney Siegel, co-director of Oak Ridge in the 6 

beginning. 7 

What I heard today is summarized best by a 8 

Harry Belafonte lyric, "It was clear as mud but it 9 

covered the ground." 10 

One of the problems that occurs is in this 11 

document, which I just got from someone here, which I 12 

presume is available, my goodness, people at Southwest 13 

Research Institute found that alloy composition 14 

dominates things.  That's in the scientific literature 15 

from the 50s. 16 

People like Sidney Siegel, or, you know, my 17 

father, Alvin Weinberg, director of Oak Ridge, fired for 18 

doubting allow safety, embrittlement in nuclear plants, 19 

around 1970. 20 

What is San Onofre?  It's a crime scene.  21 

What's the crime?  Well, if I ripped off one of you for 22 

$5.3 billion, I'd be in prison forever, even after I was 23 

dead. 24 

So the question that has to be asked is what 25 
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happened?  The surfers at San Onofre, which I'm too fat 1 

and old to be one of, for thirty years wanted the 2 

reactors removed. 3 

So what's the rush?  And by the way, what 4 

happened in San Onofre isn't the worst thing.  There's 5 

an old paperback about a meltdown, like Fukushima -- 6 

that would mean evacuation of Riverside, San Diego, and 7 

Orange County for centuries.  It would bankrupt the 8 

United States if no one is killed, and that's a big "if." 9 

Who did it?  Well, I don't know.  10 

Certainly Southern California Edison had something to 11 

do with it -- they crushed EPRI, EPRI is their public 12 

relations arm.  I was interviewed by Chauncey Starr 13 

(phonetic) and Ed Zebrowski (phonetic), and when they 14 

heard about alloy 182 weld embrittlement, they were 15 

horrified, I was on an interview. 16 

They didn't hire me.  I worked for a nasty 17 

Jewish P-R-I-C-K named Hyman Rickober (phonetic) -- he 18 

wasn't just afraid of Soviets, he was afraid of 19 

everyone, he was paranoid schizophrenic.  He knew what 20 

he was doing.  He won the Cold War from us, as this 21 

fellow from the nuclear Navy can attest. 22 

I have two books I'd just like to bring to 23 

people's attention, and by the way, if you want to find 24 

out about me, Google "A-N-N-A Mayo, If Leaks Could 25 
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Kill," and if you want to find an article by me, go to 1 

flickr.com and put in the word "giant 2 

magneto-resistance read page 312." 3 

This is a book on fractography.  What you 4 

do is you look at things with a microscope, just like 5 

a crime scene where someone is murdered, and you see what 6 

you see. 7 

Once it's put away in Idaho, they'll never 8 

find it again.  It has to be examined here.  Why?  9 

Because there's $5.3 billion in bills we're going to 10 

have to pay.  Who is going to pay them? 11 

My feeling about nuclear fuel is that 12 

people who produce it should eat it for dinner, and the 13 

Securities and Exchange Commission is watching very 14 

carefully. 15 

Lastly, in closing, a very interesting book 16 

which you all can buy online -- it's called De re 17 

metallica, I'll show you the front page, you can buy it 18 

from Dover for 30 dollars, by Georgius Agricola, it's 19 

the first book on metallurgy. 20 

It talks about why Roman -- you see, there's 21 

nothing needed, you don't need anything hard in a 22 

nuclear reactor, any woman knows this, your cuticles 23 

when you're skiing -- hard things are brittle, they 24 

brink. 25 
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You're not machining with a nuclear 1 

reactor, or nuclear weapons, or jet engines. 2 

De re metallica, translated by Herbert 3 

Clark Hoover, President of the United States -- 4 

publication date is interesting, 1550, half a 5 

millennium ago.  Hard things break.  Roman swords 6 

which stab through Hebrew and bronze shields, and Greek, 7 

broke, because they were brittle. 8 

Why doesn't DOE, where the sins come from 9 

-- NRC shouldn't be badly blamed -- I'm, my thinking is 10 

Soviet sabotage, when I was a little boy. 11 

Not my father or Alvin Weinberg, not Eugene 12 

Wigner who founded it -- I have some names, I've been 13 

looking at this for 40 years. 14 

How come the NRC, but especially DOE, the 15 

only person doing anything in the DOE is Lofaro, look 16 

up anything by Robert Lofaro, alloy embrittlement 17 

mitigation -- and what happened at San Onofre may have 18 

saved us from a much worse thing, core meltdown. 19 

But why should we pay for it?  If someone 20 

would like to pay my part of the stranded costs, I'll 21 

give you my name, if anyone wants to give me a business 22 

card, I can email you lots of stuff.  Thank you. 23 

FACILITATOR CAMERON:  Okay, thank you.  24 

Thank you, Ed. 25 

SCE-SER 001901

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 261 of 295
(1935 of 2110)



 123 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

(Applause.) 1 

Yes, sir. 2 

MR. JOHNSON:  Thank you.  Roger Johnson,  3 

San Clemente. 4 

Earlier this evening you showed a slide, I 5 

think it was slide 20, on which you listed the reasons 6 

why this plan should be denied. 7 

One of the reasons was that it would 8 

endanger public health and safety.  And I think this 9 

plan does endanger public health and safety. 10 

And I think a lot of other people do too, 11 

and one of the things that has been ignored in your 12 

report, and it's been touched on here briefly, I'd like 13 

to focus on this, is terrorism. 14 

The National Academy of Sciences was very 15 

concerned about this.  In 2006, they wrote a report 16 

called Safety and Security of Commercial Spent Nuclear 17 

Fuel Storage, and they addressed the whole report on 18 

that. 19 

I noticed on slide 38, you ignored 20 

terrorism.  You listed all the possible things that 21 

could go wrong, and you ignored terrorism. 22 

One of the first things that the National 23 

Academy of Sciences said is that nearly all the studies 24 

on the dangers of nuclear power plants focus on 25 

SCE-SER 001902

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 262 of 295
(1936 of 2110)



 124 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

accidents related to equipment failure, and they 1 

completely ignore some of the other ones. 2 

So after 9/11, terrorism became a reality.  3 

So here are a few things that they said.  They say, 4 

attacks, this is page 35, attacks by a knowledgeable 5 

terrorist with access to advanced weapons might cause 6 

considerable physical damage to spent nuclear plants.  7 

Then they go on to point out the U.S. 8 

commercial nuclear power plants are not required by the 9 

NRC to defend against air attacks, that's page 31. 10 

They go on to say that nuclear power plants 11 

are not designed to resist external terror attacks.  12 

There are currently no requirements in place to defend 13 

against large-scale terrorist attacks.  14 

Then they go on to say, this committee, the 15 

National Academy of Sciences, judges that some attacks 16 

involving aircraft would be feasible and could be 17 

carried out, and a zirconium cladding fire would melt 18 

the fuel pellets, could release some of the 19 

radionuclides in the atmosphere, and could be 20 

transported hundreds of miles downwind. 21 

Some of the other observations about dry 22 

casks.  Dry casks were designed to ensure storage, they 23 

were not designed to resist terrorist attacks.  24 

And when they talk about fuel pools, they 25 
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said, "This Commission concludes that there are 1 

scenarios that could lead to partial failure of the 2 

spent fuel pool walls, thereby resulting in partial or 3 

complete loss of fuel pool coolant." 4 

So it goes on and on, and the one other thing 5 

they noticed is that a problem with terrorism is they're 6 

site specific, and the NRC has come up with this generic 7 

plan, which means that all plants are equal. 8 

So it does not recognize that you have 9 

chosen to store waste on earthquake faults in a tsunami 10 

zone, in the middle of metropolitan areas, and in an area 11 

which is easily accessible by terrorists, it's two or 12 

three hundred feet from public highways, any truck bomb 13 

could go in there. 14 

The Commission also said that to defend 15 

against truck bombs, you needed to have at least 400 feet 16 

of setback.  Old Pacific Highway is 300 feet, anybody 17 

can drive and park there and blow up a truck bomb.  18 

There's hardly a day in the week when truck bombs don't 19 

go off somewhere in the world. 20 

So this is a very dangerous site that you've 21 

chosen, and I think one thing that you should -- should 22 

be considered, and is not being considered, is that this 23 

is meant to be a temporary long-term, an oxymoron, 24 

storage facility, and if you're going to store it 25 
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long-term temporary, let's store it long-term temporary 1 

somewhere else, like in a remote region where it's safe. 2 

You don't need a permanent solution. 3 

(Applause.) 4 

FACILITATOR CAMERON:  Thank you, thank you 5 

Roger.  We're going to go over to this side of the room, 6 

and we'll be coming back to you. 7 

But let's -- let's go to Dan.  Dan? 8 

MR. DOMINGUEZ:  My name is Daniel 9 

Dominguez, I am the Chief Officer for the local union 10 

that represents the maintenance and operators at the 11 

plant. 12 

I'll keep my statements short.  I have 13 

worked at the plant for 32 years, 25 years as a reactor 14 

operator, and of those 32 years, my primary goal was to 15 

operate -- was to protect the health and safety of the 16 

public, and in the process, generate electricity for the 17 

benefit of society. 18 

There has been a lot of talk.  I want to 19 

cover one point is that in my 32 years, I have had lots 20 

and lots of interaction with the NRC. 21 

And in my interactions, I've always found 22 

them very professional, and I've always found them that 23 

they had the same goal that I had, which was to protect 24 

the health and safety of the public. 25 
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When the gentleman, I forget who it was that 1 

said they put no price on safety, they do not put a price 2 

on safety.  I can attest to that.  That's been my 3 

experience. 4 

And finally, the question about whether 5 

it's safer in the pool or safer in the ISFSI.  For the 6 

last 15 years I've monitored the ISFSI pad, and it is 7 

safer in the ISFSI.  Thank you. 8 

FACILITATOR CAMERON:  Okay, thanks Dan.  9 

We're going to go to Patricia and Reuben, and Carlos, 10 

we're coming back to you, I didn't forget. 11 

MS. BORCHMANN:  Thank you.  My name is 12 

Patricia Borchmann, I live in Escondido. 13 

I am concerned about the safety of this 14 

proposed decommissioning plan that Edison has prepared, 15 

and they are trying to expedite, and, you know, make it 16 

appear as if it's no, not going to be any problem, or 17 

nothing has been overlooked, or nothing has -- there are 18 

no unforeseen risks. 19 

I disagree.  I think that a lot of the 20 

technical comments that have been made are very 21 

credible, and I think -- well, I think arguments on both 22 

sides have been made that are very technical and very 23 

credible, so if I understand there's a dilemma, and, you 24 

know, the job is not finished. 25 
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But what I would like to emphasize is that 1 

you have the authority right now, there's nothing 2 

holding you back -- you don't have to wait 90 days to 3 

-- until this 90 day limit is up, to ask for additional 4 

information.  You have that authority right now. 5 

And I think that based on the concerns that 6 

have been presented at your Community Engagement Panel 7 

through the series of public meetings held by Southern 8 

California Edison and their technical experts, there 9 

has been plenty of technical, highly technical, 10 

incredible concerns raised that aren't covered in 11 

Edison's plan. 12 

Edison -- you know, NRC, you are saying, as 13 

a lot of people have said, they put no -- there is no 14 

cost placed, there is no price limit placed on safety. 15 

I agree with that, because Edison, Edison 16 

is supposed to be the one absorbing the cost issues, and 17 

they're not.  This plan they prepared is the shortcut, 18 

walk-away, cheapest possible method.  And it's not good 19 

enough for southern California.   20 

And there's no reason that -- I don't think 21 

people realize, you know, they have better options, that 22 

are used internationally, that provide the kind of 23 

protections that this densely populated area deserves.  24 

Thank you. 25 
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(Applause.) 1 

FACILITATOR CAMERON:  Thanks, Patricia.  2 

And Reuben? 3 

MR. FRANCO:  Thanks, Chip.  4 

Thank you all for letting me speak here 5 

today.  I am Reuben Franco, I am the President and CEO 6 

of the Orange County Hispanic Chamber of Commerce, and 7 

I live in south Orange County. 8 

Given that we have a lack of leadership in 9 

Washington for any long-term solution to the problem of 10 

long-term storage, it's my belief that moving the spent 11 

fuel like the plan suggests, from the fuel -- from the 12 

pool to the cask storage, would be a lot better solution, 13 

a lot safer solution, and hopefully we can move down that 14 

road. 15 

So I'd like to thank Edison and the NRC and 16 

the employees there for doing their part and trying to 17 

come to a solution to this and a resolution, so thank 18 

you. 19 

(Applause.) 20 

FACILITATOR CAMERON:  Thank you, Reuben. 21 

And let's go to this gentleman right here, 22 

and then we'll go over to Carlos, and then I'm going to 23 

see if I can find some people. 24 

MR. ALDINGER:  Thank you. 25 
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Hi, my name is Karl Aldinger.  I am a 1 

concerned citizen from Fallbrook. 2 

My question is, will there be a contingency 3 

plan for when, inevitably, a cask cracks or fractured?   4 

I know Mr. Csontos, you mentioned the 5 

ability to weld them.  It appears to me that that's the 6 

way these are formed in the first place.  You create the 7 

container, insert the fuel, weld it, so naturally, you 8 

should be able to weld up any problems you have. 9 

Has the commission planning process 10 

considered having additional storage containers 11 

manufactured ahead of time so if we do have a 12 

catastrophic failure, you're not standing there looking 13 

around for who is going to create this thing that could 14 

take five years to create? 15 

We've seen, in the past, it takes an 16 

enormous amount of time to build stuff that you guys 17 

require. 18 

Our steam generators took five, seven 19 

years, and I don't expect these containers to take that 20 

long, but who knows what situation we're in 40 years from 21 

now.  It may not be that easy for us to get more of those, 22 

and so it may make sense to try to procure those now. 23 

I wanted to point out that Hanford and WIPP 24 

both indicate that a failure to plan for contingency 25 
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creates a toxic mess that's very hard, if not 1 

impossible, to attend to quickly.  2 

So I hope that, in your thinking, that it's 3 

not we build the casks, we build the cement surrounding, 4 

and then we pray.  I hope that there's an easy way to 5 

clean up any problem that you do determine, that there 6 

is made with a cask -- that you've thought about this 7 

ahead of time and said, it's okay, we've got this.  8 

We're not going to send in troops for four or seven 9 

months to go slowly clean up a mess. 10 

In talking about the desalination plant, 11 

it's worth noting that the Western hemisphere's largest 12 

desalination plant is currently being constructed five 13 

miles from this room we are standing in.  14 

That plant will provide human drinking 15 

water to many sitting in this building.  And unlike 16 

Japanese officials, who have been very slow at lying 17 

through their teeth about the amount of emissions their 18 

ongoing nuclear disaster is leaking directly into the 19 

Pacific Ocean three and one half years after the 20 

earthquake and tsunami, we will not be so polite if and 21 

when an accident at San Onofre spent fuel storage 22 

poisons our drinking water. 23 

The reverse osmosis system being built 24 

there is not designed to and is not likely capable of 25 
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filtering out radionuclides.  Thank you. 1 

(Applause.) 2 

FACILITATOR CAMERON:  Okay, thank you.  3 

So do you want to offer anything about what happens if 4 

a cask breaks, Al? 5 

MR. CSONTOS:  Sure.  So first, what we're 6 

trying to do in these aging management programs is to 7 

set up the guidelines, or the guidance, that says, you 8 

know, this much and no further, okay, in terms of 9 

degradation and what is acceptable, okay? 10 

That's first.  Second is, is that 11 

stainless steel repairs have been done in the nuclear 12 

industry for decades, probably longer than I've been 13 

alive. 14 

And it has -- they've had thousands, in the 15 

80s and 90s, thousands of welds that have had cracking 16 

in the reactor system, the stainless steel, same 17 

stainless steel that these are made out of and others 18 

are made out of, that have been repaired. 19 

Overlays have been done for decades.  So 20 

there are technologies out there.  When there are 21 

unique issues, like what happened, and I've been 22 

bringing up Koeberg, that's a plant that had, that's 23 

right near the coast, breaking waves right next to it, 24 

in South Africa, that had this same issue. 25 
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And their tank was very thing, so the 1 

typical methods of doing repairs was not appropriate, 2 

okay? 3 

So they went off and they did some quick R&D 4 

and got repairs done very quickly.  It was an overlay, 5 

okay, but it was a unique overlay. 6 

So the capabilities out there are, they're 7 

there.  They're there now, okay? 8 

Just bringing it to bear to this side of the 9 

house, which is the dry cask storage side, is not that 10 

big of a deal, in my opinion.  11 

FACILITATOR CAMERON:  Okay.  12 

MR. CSONTOS:  But, and then the other issue 13 

was, you said, for casks that have been damaged beyond 14 

our threshold, or to a point where, you know, we need 15 

to do something. 16 

We have casks that are transfer casks, as 17 

well as transportation casks, that are at different 18 

sites that we could pull together, or, you know, 19 

sometimes they are on individual site-specific sites -- 20 

site-specific licensees will tend to have them right 21 

there on their site, and they can be stored within them 22 

and held and stopped, if we're having any issues. 23 

FACILITATOR CAMERON:  All right.  Thank 24 

you, thank you Al.  Carlos? 25 
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MR. OLVERA:  Thank you.  I'll try to make 1 

this short.  2 

I am referring to off-site emergency 3 

planning.  My name is Carlos Olvera (phonetic) from the 4 

city of Dana Point. 5 

When we became a city in 1989, Southern 6 

California Edison installed an emergency response 7 

center at city hall.  We have not had to use that for 8 

San Onofre, but we did use it a couple years ago when 9 

we had a tsunami.  It only measured six inches, but 10 

nevertheless, it was nice to have it. 11 

So I would just ask you, will that facility 12 

be maintained throughout decommissioning? 13 

MR. PALMISANO:  Let me speak to that.  14 

We've submitted a defueled emergency plan 15 

for, you know, that is based on the scenarios that can 16 

occur in decommissioning plants.   17 

We will, we have some offsite facilities 18 

the utility maintains.  The offsite facilities that the 19 

counties and cities maintain will really be up to them 20 

in the future. 21 

We've talked to the Interjurisdictional 22 

Planning Commission, which is the agency which 23 

coordinates all offsite emergency planning, not just 24 

for nuclear issues, but for all hazards, and that 25 
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question really is for them. 1 

They are certainly going to keep their 2 

emergency capabilities in place while the fuel pools are 3 

in service.  4 

FACILITATOR CAMERON:  Okay, and we do have 5 

someone from FEMA, but -- the Interjurisdictional 6 

Planning Committee, they couldn't be here tonight, but 7 

they did give me something that they wanted me to read 8 

into the record, very short. 9 

"The members of the SONGS 10 

Interjurisdictional Planning Committee have committed 11 

to maintaining emergency response capabilities related 12 

to nuclear preparedness throughout the SONGS 13 

decommissioning process, and to continue our 14 

multi-agency partnership to accomplish this goal." 15 

And I'll read more of this if we have time, 16 

but I just wanted to get that on the record, and if you 17 

could just introduce yourself to us. 18 

MR. GRUNDSTROM:  My name is Richard 19 

Grundstrom, and I am the Technological Hazards Branch 20 

Chief for FEMA Region IX.  21 

And part of what we do is we oversee the 22 

radiological emergency preparedness program around the 23 

offsite agencies around the nuclear power plants.  24 

The IPC, all the Interjurisdictional 25 
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Planning Committee and all the local communities, have 1 

a very, very robust emergency response plan, and it's 2 

been exercised for years in its -- in a transition over 3 

the period of time, like the gentleman mentioned, it was 4 

activated for the tsunami.  It's now becoming an 5 

all-hazards plan. 6 

Just because the San Onofre Nuclear Power 7 

Plant is going to shut down, the plan is going to remain 8 

in place.  They are still going to have the robust EOC 9 

(phonetic), and they're still going to have the planning 10 

efforts that they do now.  11 

FACILITATOR CAMERON:  Okay.  And we're 12 

going to go to Jacqueline Woo (phonetic), and I'll just 13 

read more of the Interjurisdictional Planning Committee 14 

as I'm walking over there. 15 

"As a part of our ongoing emergency 16 

planning, we will retain the ability to receive 17 

information, independently monitor and assess 18 

conditions, and take actions to protect our residents, 19 

visitors, and emergency workers."  This is Jacqueline. 20 

MS. WOO:  Thank you.   21 

I have been following the San Onofre whole 22 

spectacle through the news, and it's really eye-opening 23 

to come here and to hear form all these different 24 

perspectives, especially from those who actually work 25 
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onsite, who put their lives on the line. 1 

My question is, is there a list of other 2 

agencies that we're working in collaboration with for 3 

the decommissioning effort, and if so, how can the 4 

public participate, will there be any public hearings? 5 

FACILITATOR CAMERON:  Okay.  Anybody want 6 

to take that on?   7 

I think it was a pretty straightforward 8 

question.  Do you understand it up there? 9 

MR. BROADDUS:  When you're talking about 10 

other -- other agencies, are you talking about federal 11 

agencies, state agencies? 12 

I mean, what -- ?  13 

FACILITATOR CAMERON:  I think any, any 14 

other agencies that might be involved.  15 

MR. PALMISANO:  Let me just make one quick 16 

comment. 17 

We've focused our discussions tonight on 18 

NRC requirements for decommissioning and the 19 

Post-Shutdown Decommissioning Activities Report, the 20 

Irradiated Fuel Management Plan. 21 

Realize also, the state of California, 22 

through the California Environmental Quality Act, also 23 

has some permitting reviews they will do, similar to 24 

what we did on Unit 1 activities in some cases. 25 
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So there will be some state agencies 1 

involved.  That is, you know, starting in the near 2 

future.   3 

I don't have a list per se.  But if you pay 4 

attention to our songscommunity.com website as we 5 

proceed through the state permitting process for 6 

decommissioning activities, that information would be 7 

available. 8 

FACILITATOR CAMERON:  Yes, and FEMA, FEMA 9 

obviously, right.  Go ahead, Larry. 10 

MR. CAMPER:  No, I was going to say that, 11 

for example, Department of Transportation regulations 12 

that apply to the waste that will be leaving the site 13 

when decommissioning is going on, we actually enforce 14 

those regulations, but they are Department of 15 

Transportation regulations. 16 

There are also certain EPA considerations 17 

that we carry out as part of our regulatory process. 18 

With regards to the hearing question part  19 

of it, I mentioned that when the License Termination 20 

Plan is submitted, there is an opportunity for a 21 

hearing.  And if a body, if a group or an individual 22 

seeks a hearing and is granted standing, then it goes 23 

to an adjudicatory process.  But that's an actual legal 24 

hearing.  25 
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FACILITATOR CAMERON:  Okay.  1 

MR. CAMPER:  It's not a public exchange of 2 

information, it's an adjudicatory hearing.  3 

FACILITATOR CAMERON:  As opposed to a 4 

meeting.  Thank you, Larry.  5 

MR. BROADDUS:  Yes, if I could --  6 

FACILITATOR CAMERON:  Let's go -- go 7 

ahead, Doug.  8 

MR. BROADDUS:  -- if I could say one other 9 

thing, which is just that for any of the other licensing 10 

amendments that San Onofre has submitted to us for 11 

review as well, it's just like with the License 12 

Termination Plan, there's an opportunity for a hearing 13 

provided on each of those as well. 14 

So anyone who is interested or, you know, 15 

wants to participate in that can make their request for 16 

those as well, such as the emergency plan that Mr. 17 

Palmisano talked about previously, that's one of the 18 

licensing actions that are under review right now.  19 

FACILITATOR CAMERON:  Okay, thank you.  20 

Thank you, Doug. 21 

And we're going to go to this gentleman 22 

here, but I wondered, is Steve Adams, Francis Bauer 23 

(phonetic), or Dave Peiser still here?  24 

Okay, Dave? 25 
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MR. PEISER:  I am Dave Peiser, and I am 1 

running for Congress right here in the 49th District, 2 

and San Onofre is obviously part of this District, and 3 

I am running against Darrell Issa, in case you wanted 4 

to know that. 5 

So the first thing I want to say is thank 6 

you for all your hard work to make sure that -- to make 7 

sure of the safety and well-being of our District, with 8 

all the actions that you are taking, and I want to thank 9 

everybody who is in this audience, too, to bring your 10 

concerns. 11 

And the one concern of mine is that, 12 

according to the timeline, the Department of Energy is 13 

going to take this fuel offsite, and I'm concerned that 14 

that's never going to happen, considering the history 15 

that has been going on so far with trying to find a 16 

permanent site for nuclear spent fuel.  17 

So for that reason I have two points.  One 18 

is I have, because of my serious concerns, I'd really 19 

like to see us put a plan in place to get the fuel offsite 20 

as soon as possible. 21 

And number two, if you cannot figure out a 22 

way to do that, I really think we should look at a longer 23 

term containment strategy with the cast iron type casks, 24 

something more permanent and durable that's going to 25 
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last longer than the timeline that you've put together. 1 

Thanks. 2 

(Applause.) 3 

FACILITATOR CAMERON:  Okay, thank you.  4 

And let's go to Ted, Ted Quinn. 5 

MR. QUINN:  Hi, I am Ted Quinn, and also a 6 

CEP member, like Dan, and Gene Stone, I think. 7 

I'd like to thank the NRC for sponsoring 8 

this meeting.  It's a pleasure to see the factual data, 9 

and I'm going to emphasize the word factual data, being 10 

presented. 11 

In the CEP we've had multiple meetings, two 12 

workshops, to foster public and plant owner exchanges 13 

on key issues, and it's continued tonight, even though 14 

this isn't a CEP meeting. 15 

The public interactions have been great to 16 

see, particularly the ones that are on a factual basis. 17 

I would just like to comment, if Dr. Siegel 18 

is still here, there's a good book about threats called 19 

One Second After by William Forstchen on the loss of 20 

electricity in a North Carolina town, that I think is 21 

quite an interesting read. 22 

Thank you.  23 

FACILITATOR CAMERON:  Okay.  Thank you, 24 

Ted. 25 
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Francis Bauer?  Steve Adams?   1 

Okay, and Alice has left.  Do you want to 2 

ask that question, Sharon? 3 

Okay, we have a request for clarification 4 

from Sharon on a couple of dates.  Go ahead.  5 

MS. HOFFMAN:  The gentleman who spoke 6 

about the DOE and the waste confidence gave a date of 7 

2048 for building an interim facility, and yet Mr. 8 

Palmisano talks about all the waste being removed by 9 

2049. 10 

There is something wrong with those dates.  11 

And I would just like somebody to clarify how those two 12 

dates work together.  13 

FACILITATOR CAMERON:  Okay, and I think --  14 

I think Keith's 2048 was based on what DOE actually 15 

stated, they thought a repository would be ready in 16 

2048. 17 

So why don't you talk, and then we'll ask 18 

-- 19 

MR. MCCONNELL:  The distinction is that 20 

there were two facilities in DOE's strategy.  21 

The first was a centralized interim storage 22 

facility.  That would be located somewhere in the U.S.  23 

And that would occur in the 2020s, so the fuel would be 24 

removed from the reactor facilities to this centralized 25 
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facility. 1 

That would then be staged for a repository 2 

that would be available in 2048 for the final 3 

disposition of spent fuel. 4 

FACILITATOR CAMERON:  Okay, and Tom, do 5 

you want to add anything? 6 

MR. PALMISANO:  No, I think that clarifies 7 

it.  8 

The dates we're working from are based on 9 

Department of Energy information for the interim 10 

facility, so for a planning basis, that's what we're 11 

using at this point. 12 

We're obviously monitoring the situation.  13 

The 2048 is a permanent repository.  So our goal, quite 14 

frankly, is for the fuel to be removed as soon as DOE 15 

can remove it to an interim facility, and that's what 16 

our dates are based on.  17 

FACILITATOR CAMERON:  Okay.  And I just 18 

wanted to thank all of you, you've been a tremendous, 19 

tremendous group, and I am going to turn this over to 20 

the senior NRC official, Larry Camper, to close the 21 

meeting out for us. 22 

Al Csontos will be held hostage after the 23 

meeting, okay?   24 

So go ahead, Larry. 25 
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MR. CAMPER:  Thank you, Chip. 1 

Before I make my closing comments and 2 

observations, I do want to ask Duane (phonetic), who is 3 

in our Office of Nuclear Security Incident Response -- 4 

several times terrorism has come up.  5 

And I asked Duane to say something about a 6 

concept called safeguards.  We have other ways than 7 

environmental impact statements or safety reviews for 8 

addressing terrorism, and it's under the umbrella of 9 

safeguards. 10 

So Duane, would you make a few comments 11 

about that to clarify for people how that works, without 12 

getting into the details you can't get into? 13 

DUANE:  Yes, I'll try to.  That's one 14 

thing about security, a little bit more sensitive 15 

subject, so we don't talk about it as much. 16 

But one thing that's been mentioned a lot 17 

during our discussions is that security is going to go 18 

away, or go down -- so I do want to let you know that 19 

NRC does have a process, and so security will remain in 20 

place. 21 

We have a high -- we require high assurance 22 

that security -- that all of the sites, from operating, 23 

as it starts off operating, to decommissioning through 24 

the ISFSI, that they maintain a specific level to go 25 
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against what we call our design-basis threat. 1 

And so that design-basis threat is 2 

basically scenarios that have been made up of different 3 

types of threats, and each reactor, each 4 

decommissioning site, has to make sure they maintain 5 

those -- their security at that level. 6 

When we say that security is being changed, 7 

basically what we're saying is because the operations 8 

of the facility from an operating facility to a 9 

decommissioning facility changes. 10 

You reduce the area, because, for example, 11 

you no longer have the reactor, you no longer have the 12 

auxiliary equipment that protects the reactor, so of 13 

course you don't have as much area to have to secure, 14 

so it's not that security goes away, it's just that it 15 

changes the instructions so that we can maintain that 16 

same level of security. 17 

So we wanted to make sure it was clear that 18 

security is going to be there.  The NRC does a very good 19 

job, we have a whole office dedicated to ensuring that 20 

different plants, including SONGS, will maintain their 21 

security even as they make changes -- they have to submit 22 

those changes to us, and we do review those changes to 23 

make sure that they still have that high level of 24 

assurance. 25 
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So I just wanted to make that point so that 1 

it's clear that the site will still be protected, and 2 

that's what, also, Doug was saying in regards to the 3 

difference between spent fuel pool and the dry 4 

canisters, and that the plant itself will be still 5 

secured.  So that's why it wouldn't matter.   6 

So I hope that helps.  7 

MR. CAMPER:  Great.  8 

FACILITATOR CAMERON:  Thank you.  9 

MR. CAMPER:  Thank you, thank you.  10 

FACILITATOR CAMERON:  And Larry.  11 

MR. CAMPER:  Okay, thank you.  12 

First of all, let me thank everyone for all 13 

the comments -- very insightful comments, and let me 14 

assure you that the meeting is being transcribed.  The 15 

staff will review the transcript as we go through our 16 

review process, you know, tracking against the 90 day 17 

clock that's been mentioned several times over the 18 

evening. 19 

The staff will caucus following this 20 

meeting and discuss the various things that we heard, 21 

and we'll caucus as we look at the transcript, and your 22 

comments will in fact be considered as we conduct our 23 

review. 24 

The second thing I want to mention is, and 25 
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I'll go back to the term who can say no?  Who can say 1 

no?  We can say no. 2 

It is correct that we do not approve the 3 

PSDAR, consistent with the existing Commission policy.  4 

Why is the policy that way?  Because in 1996-1997, the 5 

Commission determined that the activities that are 6 

conducted during decommissioning are bounded by the 7 

operations and safety considerations that take place 8 

during an operating reactor, there's nothing that is 9 

taking place during decommissioning that is 10 

extraordinary as compared to the safety and 11 

environmental considerations of an operating reactor. 12 

And therefore the Commission put in place 13 

the process that we have today, whereby the PSDAR would 14 

be submitted, certain information would be provided in 15 

that PSDAR, and you've seen the contents of that in some 16 

of the slides today -- and then the emphasis is put then 17 

upon the ultimate end state of the site. 18 

What does the site look like from a 19 

radiological standpoint when that license is prepared 20 

to be terminated? 21 

Now, one can criticize that process, I 22 

understand that.  I am merely offering an explanation 23 

as to why it is the way that it is. 24 

Now we ask questions, we have asked 25 
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questions, of other PSDARs in the past that have been 1 

submitted.  We may find ourselves asking questions 2 

about this PSDAR.  3 

But I want to point out that the reason we 4 

ask the questions, and the reason that we review the 5 

PSDAR, is to ensure that our regulations are in fact met. 6 

We have the authority to stop this 7 

decommissioning or any other decommissioning at the 8 

PSDAR state if we can't get answers to the questions that 9 

lead us to believe that our regulations would be 10 

complied with.  We have regulatory tools that would let 11 

us do that. 12 

So we have the authority to say no, even 13 

though we don't approve the PSDAR as such, for the 14 

reasons I've just explained. 15 

So do understand that we do have that 16 

authority to say no.  17 

There's been a great deal of talk about 18 

moving the fuel.  I think we all think that that's a very 19 

legitimate concern.  Our country, our -- we do not have 20 

a national policy at this point in place that leads to 21 

moving of the fuel to another location from the coast 22 

here.   23 

I think we all prefer, would prefer, that 24 

we did.  But that's a national policy decision.  It's 25 

SCE-SER 001927

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 287 of 295
(1961 of 2110)



 149 

 NEAL R. GROSS 
 COURT REPORTERS AND TRANSCRIBERS 
 1323 RHODE ISLAND AVE., N.W. 
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433 

 

not a decision that SCE can make, it's not a decision 1 

that we can make, it's a national policy issue. 2 

What we have to do is make sure that this 3 

decommissioning takes place in a safe manner, and that 4 

the fuel that remains in dry cask storage on the pad is 5 

done safely and in a way that will protect public health 6 

and safety. 7 

I hear a great deal of interest in the cask 8 

of choice, in the cask performance considerations.  9 

Those are very fair questions, those are very fair 10 

concerns.  And we'll do everything that we can to 11 

continue to put information on our website that will 12 

enunciate the various studies and things that we're 13 

working on that Al commented on in his presentation as 14 

he answered questions. 15 

Why exemptions?  Another fair question.  16 

The reason that we grant exemptions for things such as 17 

emergency preparedness and certain security 18 

considerations, operator qualifications when reactors 19 

move into decommissioning, is because our regulations 20 

currently in Part 50 are designed around an operating 21 

reactor. 22 

We have not yet put in place a set of 23 

regulations that would be appropriate once the reactor 24 

had gone from operations into decommissioning. 25 
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The reason that we haven't is in the year 1 

2000 the staff started down the pathway of a Rule that 2 

would articulate specifically what are the conditions 3 

that the reactors must be in when in a decommissioning 4 

mode.  That Rulemaking was put on the back burner, it 5 

was postponed, by the Commission, because at the time, 6 

it was determined that we had higher priority 7 

Rulemakings to work on that dealt with security in a 8 

post-9/11 environment. 9 

So, I'll stop there.  I think there has 10 

been some excellent comments.  We thank you for those.  11 

We will consider them.  And we'll look forward to 12 

communicating with you more as we go through the 13 

process. 14 

FACILITATOR CAMERON:  Okay.  And thank 15 

you, Larry. 16 

And here's where you can submit email 17 

comments or hard comments, hard copy comments, right 18 

there.  That will remain up there, and there are copies 19 

of the Post-Shutdown Report, compact disks out on the 20 

table there.  So, thank you.  21 

(Whereupon, the meeting went off the record 22 

at approximately 9:00 p.m.) 23 

 24 

 25 
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NRC ISFSI Pad Surveys at San Onofre Nuclear Generating Station 
 
Scope: 
 
To perform independent measurements and verifications of radiological conditions at San 
Onofre Independent Spent Fuel Storage Installation (ISFSI).  The measurement locations 
included background areas, public access areas in the owner controlled areas, protected areas 
of the facility, and representative measurement areas on both generally licensed ISFSI Pads: 
Transnuclear, (TN) Inc. Nuclear Horizontal Modular Storage (NUHOMS) and Holtec HI-STORM 
UMAX dry fuel storage systems. 
 
Equipment Used: 
 
The NRC used a Ludlum Model 19, a sodium iodide instrument calibrated to Cesium-137, which 
is representative of the gamma energy level at the facility.  The instrument used was NRC Tag 
Number 033906, serial number 84259, with an annual calibration due date of July 23, 2019.   
 
Survey Methodology: 
 
On October 22, 2018, all surveys were performed by the NRC Inspectors.  
 
The survey methodology for the Holtec HI-STORM UMAX systems consisted of a gamma 
exposure rate at 16 points on each Vertical Ventilated Module (VVM) that was loaded.  The 
points encompassed 8 inlet air vents (Figure 1), 4 points on the closure lid at locations 
representing 0º, 90º, 180º, and 270º (Figure 2), and at 4 points on the outlet air vent at locations 
representing 0º, 90º, 180º, and 270º (Figure 2). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
     

Figure 1 
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Figure 2 

 
 
The survey methodology for the TN NUHOMS systems consisted of a gamma exposure rate 
survey at two points on the air inlet vent for each loaded TN system.  These measurement 
points consisted of a contact survey measurement on the air inlet vent and at 1 foot away from 
the air inlet vent (Figure 3), for each of the loaded TN systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 
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In addition, the NRC performed survey measurements at many locations around the ISFSI pad, 
Unit 1 Reactor Pressure Vessel, behind the sea wall of the plant, in the upper parking lot of the 
plant access, and along the bluff overlooking the ISFSI pad.  The NRC identified the survey 
measurement location for each data point on maps of the site layout and documented the data 
on data point sheets for each of the loaded canister systems.   
 
Results of NRC Surveys: 
 
Holtec HI-STORM UMAX:    
 
Highest gamma measurement was from VVM #33:   
Inlet air vents: 330 µR/hr 
Closure lid: 18 µR/hr 
Outlet air vent: 240 µR/hr 
 
Lowest gamma measurement was from VVM #22: 
Inlet air vents: 160 µR/hr 
Closure lid: 15 µR/hr 
Outlet air vent: 120 µR/hr 
    
General area gamma exposure rate on the Holtec UMAX pad ranged between: 8-15 µR/hr 
  
TN NUHOMS: 
 
Highest gamma measurement was from TN #21:  
Inlet Vent on Contact: 1,600 µR/hr, 1 Foot Away from Inlet Vent: 1,100 µR/hr 
 
Lowest gamma measurement was from TN #15:  
Inlet Vent on Contact: 100 µR/hr, 1 Foot Away from Inlet Vent: 70 µR/hr 
 
General area gamma exposure rate on the TN pad ranged between: 4-14 µR/hr 
 
Other survey measurement results include the following locations: 
 
Unit 1 Reactor Vessel:  Highest Gamma Measurements: 20 µR/hr 
      Lowest Gamma Measurements:  6 µR/hr (both sides) 
 
Along the beach behind the sea wall ranged between: 5-10 µR/hr 
 
Along the bluff overlooking the ISFSI Pad ranged between: 3-6 µR/hr 
 
Upper Parking Lot ranged between: 4-8 µR/hr 
 
 
 
 
 
 
 
 
 

SCE-SER 001933

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-7, Page 293 of 295
(1967 of 2110)



4 
 

Southern California Edison Dose Rate Limits: 
 
Holtec HI-STORM UMAX: (Technical Specification 5.3.3) 
 
Locations    Neutron  Gamma   Total 
 
Closure Lid Cover Plate  200 µR/hr  400 µR/hr  600 µR/hr 
     0.2 mR/hr  0.4 mR/hr  0.6 mR/hr  
 
 
Outlet Vents    1,000 µR/hr  1,800 µR/hr  2,800 µR/hr 
     1.0 mR/hr  1.8 mR/hr  2.8 mR/hr 
 
 
TN NUHOMS:  
  
There are no cask related technical specifications.  
 
Conclusion: 
 
Based on the surveys performed on October 22, 2018, the NRC has no safety or regulatory 
concerns with the loaded spent fuel canisters on the ISFSI Pads at San Onofre.  The 
independent surveys performed by the NRC using NRC survey instruments which are calibrated 
annually, were all well below the applicable technical specifications values.  The highest dose 
rate values that were measured were the TN NUHOMS System at 1,600 µR/hr on contact and 
1,100 µR/hr at 1 foot away from the Inlet Vent.  
 
 
Docket Nos.: 50-206; 50-361; 50-362; 72-041 
License Nos.: DPR-13; NPF-10; NPF-15 
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ABSTRACT 

This Standard Review Plan is intended for use by the U.S. Nuclear Regulatory Commission 
(NRC) reviewer.  It provides guidance for the safety review of renewal applications for specific 
licenses of independent spent fuel storage installations and certificates of compliance (CoCs) of 
dry storage systems, as codified in Title 10 of the Code of Federal Regulations (10 CFR) 
Part 72, “Licensing Requirements for the Independent Storage of Spent Nuclear Fuel, 
High-Level Radioactive Waste, and Reactor-Related Greater Than Class C Waste.” 

This Standard Review Plan provides guidance for the review of general information, scoping 
evaluation information, and aging management information, included in a renewal application.  
The guidance provides information on review of time-limited aging analyses and aging 
management programs (AMPs), including learning AMPs that consider and respond to 
operating experience.  The guidance provides example AMPs for welded stainless steel 
canisters, reinforced concrete structures, and a high burnup fuel monitoring and assessment 
program.  It also provides guidance on considerations for CoC renewals and the general license 
framework, including guidance on general licensees’ implementation of AMPs. 

The NRC expects to periodically revise and update this Standard Review Plan to clarify the 
content, correct errors, and include new information, knowledge, and experience regarding 
aging management considerations.  Comments, suggestions for improvement, and notices 
of errors or omissions should be sent to the Director, Division of Spent Fuel Management, 
U.S. Nuclear Regulatory Commission, Washington, DC  20555-0001. 

Paperwork Reduction Act Statement 

This NUREG contains information collection requirements that are subject to the Paperwork 
Reduction Act of 1995 (44 U.S.C. 3501 et seq.).  The Office of Management and Budget (OMB) 
approved these information collections under OMB control number 3150-0132. 

Public Protection Notification 

The NRC may not conduct or sponsor, and a person is not required to respond to, a request for 
information or an information collection requirement unless the requesting document displays a 
currently valid OMB control number.  

SCE-SER 001939

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-8, Page 9 of 141
(1978 of 2110)



 

 

 

SCE-SER 001940

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-8, Page 10 of 141
(1979 of 2110)



 

v 

CONTENTS 
ABSTRACT ...............................................................................................................................iii 
LIST OF FIGURES ...................................................................................................................vii 
LIST OF TABLES .....................................................................................................................vii 
ABBREVIATIONS .....................................................................................................................ix 

INTRODUCTION ....................................................................................................................... 1 

1. GENERAL INFORMATION REVIEW .................................................................................... 7 
1.1 Review Objective ............................................................................................................ 7 
1.2 Areas of Review ............................................................................................................. 7 
1.3 Regulatory Requirements ............................................................................................... 7 
1.4 Review Guidance ........................................................................................................... 8 

1.4.1 General Information .............................................................................................. 8 
1.4.2 Financial Information ............................................................................................ 8 
1.4.3 Environmental Report ........................................................................................... 9 
1.4.4 Application Content ............................................................................................... 9 
1.4.5 Timely Renewal ...................................................................................................11 
1.4.6 Amendment Applications Submitted during the Renewal Review or after the 

Renewal Is Issued ...............................................................................................11 
1.4.7 Terms, Conditions, and Specifications for Specific Licenses and CoCs in the 

Period of Extended Operation ..............................................................................12 
1.5 Evaluation Findings .......................................................................................................14 

2. SCOPING EVALUATION ....................................................................................................15 
2.1 Review Objective ...........................................................................................................15 
2.2 Areas of Review ............................................................................................................15 
2.3 Regulatory Requirements ..............................................................................................15 
2.4 Review Guidance ..........................................................................................................16 

2.4.1 Scoping Process ..................................................................................................16 
2.4.2 Structures, Systems, and Components within the Scope of Renewal ..................18 

2.4.2.1 Scoping of Fuel Assemblies ..................................................................19 
2.4.2.2 Scoping of Structures, Systems, and Components, Depending on 

Individual Design Bases ........................................................................19 
2.4.3 Structures, Systems, and Components Not within the Scope of Renewal ............19 

2.5 Evaluation Findings .......................................................................................................20 

3. AGING MANAGEMENT REVIEW .......................................................................................21 
3.1 Review Objective ...........................................................................................................21 
3.2 Areas of Review ............................................................................................................21 
3.3 Regulatory Requirements ..............................................................................................23 
3.4 Materials, Service Environments, Aging Mechanisms and Effects, and Aging 

Management Activities ..................................................................................................25 
3.4.1 Review Guidance .................................................................................................25 

3.4.1.1 Identification of Materials and Environments .........................................25 
3.4.1.2 Identification of Aging Mechanisms and Effects ....................................26 
3.4.1.3 Aging Management Activities ................................................................28 
3.4.1.4 Aging Management Review for Fuel Assemblies ..................................28 

3.4.2 Evaluation Findings .............................................................................................29 

SCE-SER 001941

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-8, Page 11 of 141
(1980 of 2110)



 

 
vi 

3.5 Time-Limited Aging Analyses ........................................................................................30 
3.5.1 Review Guidance .................................................................................................31 
3.5.2 Evaluation Findings .............................................................................................32 

3.6 Aging Management Programs .......................................................................................32 
3.6.1 Review Guidance .................................................................................................33 

3.6.1.1 Scope of Program .................................................................................33 
3.6.1.2 Preventive Actions ................................................................................33 
3.6.1.3 Parameters Monitored or Inspected ......................................................34 
3.6.1.4 Detection of Aging Effects .....................................................................34 
3.6.1.5 Monitoring and Trending .......................................................................35 
3.6.1.6 Acceptance Criteria ...............................................................................36 
3.6.1.7 Corrective Actions .................................................................................36 
3.6.1.8 Confirmation Process ............................................................................37 
3.6.1.9 Administrative Controls .........................................................................37 
3.6.1.10 Operating Experience ...........................................................................38 

3.6.2 Commencement of AMP(s) for CoC Renewals ....................................................40 
3.6.3 Implementation of AMP(s) ...................................................................................40 
3.6.4 Evaluation Findings .............................................................................................40 

4. CONSOLIDATED REFERENCES .......................................................................................43 

5. GLOSSARY .........................................................................................................................47 

APPENDIX A NON-QUANTIFIABLE TERMS ....................................................................... A-1 

APPENDIX B EXAMPLES OF AGING MANAGEMENT PROGRAMS .................................. B-1 

APPENDIX C [RESERVED] .................................................................................................. C-1 

APPENDIX D SUPPLEMENTAL GUIDANCE FOR THE USE OF A DEMONSTRATION 
PROGRAM AS A SURVEILLANCE TOOL FOR CONFIRMATION OF 
INTEGRITY OF HIGH BURNUP FUEL DURING THE PERIOD OF 
EXTENDED OPERATION ............................................................................... D-1 

APPENDIX E CONSIDERATIONS FOR RENEWALS OF CERTIFICATES 
OF COMPLIANCE .......................................................................................... E-1 

APPENDIX F STORAGE TERMS ......................................................................................... F-1 

 

  

SCE-SER 001942

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-8, Page 12 of 141
(1981 of 2110)



 

 
vii 

LIST OF FIGURES 
 

Figure A Specific-license and CoC renewal process ............................................................. 3 
Figure 2-1. Flowchart of scoping evaluation process ................................................................17 
Figure 3-1. Flowchart of AMR process .....................................................................................22 
Figure F-1. Flowchart for calculating storage terms ................................................................ F-2 

 

LIST OF TABLES 
 

Table 1-1. Relationship of Regulations and General Information Review ................................. 7 
Table 2-1. Relationship of Regulations and Scoping Review ..................................................16 
Table 3-1. Relationship of Regulations and Aging Management Reviews ...............................24 
Table A-1. Screening Criteria for Non-Quantifiable Terms ..................................................... A-2 
Table B-1. Example AMP for Localized Corrosion and Stress Corrosion Cracking of       

Welded Stainless Steel Dry Storage Canisters ..................................................... B-3 
Table B-2. Example AMP for Reinforced Concrete Structures ............................................. B-16 
Table B-3. Example of a High Burnup Fuel Monitoring and Assessment Program ............... B-24 
Table B-4. Formal Evaluations of Aggregate Information on HBU Fuel Performance .......... B-29 

 

SCE-SER 001943

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-8, Page 13 of 141
(1982 of 2110)



 

 

 

SCE-SER 001944

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-8, Page 14 of 141
(1983 of 2110)



 

ix 

ABBREVIATIONS 
 

ACI American Concrete Institute 
AMA aging management activity 
AMP aging management program 
AMR aging management review 
ANSI American National Standard Institute 
ASME American Society of Mechanical Engineers 
 
°C degrees Celsius 
CAP Corrective Action Program 
CFR Code of Federal Regulations 
CISCC chloride-induced stress corrosion cracking 
CLB current licensing basis 
CoC certificate of compliance 
CRIEPI Central Research Institute of Electric Power Industry 
 
DOE U.S. Department of Energy 
DSS dry storage system 
 
EPRI Electric Power Research Institute 
 
°F degrees Fahrenheit 
FSAR final safety analysis report 
 
GTCC greater-than-Class-C 
GWd/MTU gigawatt days per metric ton uranium 
 
HBU high burnup 
HDRP HBU Dry Storage Cask Research and Development Project 
 
ICSF interim consolidated storage facility 
ISFSI independent spent fuel storage installation 
ISG Interim Staff Guidance 
ITS important to safety 
 
kJ kilojoule 
 
LWR light water reactor 
 
m meters 
mol mole 
 
NDE nondestructive examination 
NEI Nuclear Energy Institute 
NMSS Office of Nuclear Material Safety and Safeguards 
NRC U.S. Nuclear Regulatory Commission 
 
OMB Office of Management and Budget 
 

SCE-SER 001945

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-8, Page 15 of 141
(1984 of 2110)



 

x 

PM NRC Project Manager 
ppm parts per million 
 
QA quality assurance 
 
s second 
SAR safety analysis report 
SER safety evaluation report 
SRP Standard Review Plan 
SSC structure, system, and component 
 
TEPCO Tokyo Electric Power Company 
TLAA time-limited aging analysis 
TS technical specification 
 
UFSAR updated final safety analysis report 

SCE-SER 001946

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-8, Page 16 of 141
(1985 of 2110)



 

1 

INTRODUCTION 

This Standard Review Plan (SRP) is intended to provide guidance to the U.S. Nuclear 
Regulatory Commission (NRC) staff for the safety review of renewal applications for specific 
licenses of independent spent fuel storage installations (ISFSIs) and certificates of compliance 
(CoCs) of dry storage systems (DSSs), as codified in Title 10 of the Code of Federal 
Regulations (10 CFR) Part 72, “Licensing Requirements for the Independent Storage of Spent 
Nuclear Fuel, High-Level Radioactive Waste, and Reactor-Related Greater Than Class C 
Waste.” 

To renew a specific license, an applicant (i.e., the licensee) must submit a license renewal 
application at least 2 years before the expiration of the license, in accordance with the 
requirements of 10 CFR 72.42(b).  To renew a CoC, an applicant (i.e., CoC holder, user, or 
user’s representative) must submit a renewal application at least 30 days before the expiration 
of the associated CoC in accordance with the requirements of 10 CFR 72.240(b).  The NRC 
may renew a specific license or a CoC for a term not to exceed 40 years, in accordance with 
10 CFR 72.42(a), or 10 CFR 72.240(a), respectively. 

The NRC-approved DSSs listed in 10 CFR 72.214, “List of Approved Spent Fuel Storage 
Casks,” may be used by any 10 CFR Part 72 general licensee in accordance with 
10 CFR 72.212, “Conditions of General License Issued Under § 72.210.”  The term of a general 
license is tied to the term of the CoC being used.  Within the general license term, each DSS 
has its own storage term that begins when that DSS is placed into service at the ISFSI (see 
Appendix F for a discussion of storage terms).  When a CoC is renewed, the associated users’ 
general licenses are also renewed.  If the CoC holder chooses not to apply for the renewal of a 
particular CoC or is no longer in business, a licensee, licensee’s representative, or another 
certificate holder may apply for renewal of the CoC in place of the CoC holder. 

Both the specific-license and the CoC renewal applications must contain requirements and 
operating conditions (fuel storage, surveillance and maintenance, and other requirements) for 
the ISFSI or DSS that address aging mechanisms and aging effects that could affect structures, 
systems, and components relied upon for the safe storage of spent fuel.  Renewal applications 
must include (1) time-limited aging analyses, if applicable, that demonstrate that structures, 
systems, and components important to safety will continue to perform their intended function 
for the requested period of extended operation, and (2) aging management programs for 
management of issues associated with aging that could adversely affect structures, systems, 
and components important to safety.  Licensees and applicants are encouraged to meet with 
the NRC staff at public pre-application meetings to discuss their proposed plans for the 
renewal application. 

The technical review of the renewal application is primarily a materials engineering effort.  The 
materials discipline should coordinate its review of the renewal application with other disciplines, 
such as the structural, radiation protection, thermal, criticality, and quality assurance disciplines, 
as appropriate, to help ensure that relevant aspects of the application and review have been 
addressed. 

This SRP defines an acceptable method for the NRC staff to review and determine if the 
applicant demonstrates that the specific-licensed ISFSI or the certified DSS will continue to 
meet the applicable regulatory requirements of 10 CFR Part 72 during the period of extended 
operation.  The reviewer should be aware that additional interim staff guidance may have been 
issued to clarify or address issues following the publication of this guidance.  This SRP defines 
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an acceptable method for satisfying the applicable regulatory requirements; it is not a regulatory 
requirement.  An applicant may propose alternate means for satisfying the appropriate 
regulatory requirements.  However, deviation from this guidance in whole or in part may result in 
an extended NRC staff review schedule. 

The NRC expects to periodically revise and update this SRP to clarify the content, correct 
errors, and include new information, knowledge, and experience regarding aging management 
considerations.  Comments, suggestions for improvement, and notices of errors or omissions 
will be considered by, and should be sent to the Director, Division of Spent Fuel Management, 
Office of Nuclear Material Safety and Safeguards, U.S. Nuclear Regulatory Commission, 
Washington, DC  20555-0001. 

The guidance document is not intended to be used for the review of other 10 CFR Part 72 
renewal applications, such as those for wet storage facilities or monitored retrievable storage 
installations. 

This guidance document is also not intended to be used as the sole guidance for the review of 
a specific license application for an “interim consolidated storage facility” (ICSF), where a DSS 
structure, system, and component (SSC) has been in storage at one location for some period of 
time and then is transported to a second location (ICSF) for subsequent storage.  Guidance for 
review of an application for a 10 CFR Part 72 specific license is located in NUREG-1567, 
“Standard Review Plan for Spent Fuel Dry Storage Facilities.”  However, as the DSS SSCs 
that will be in storage at a potential ICSF enter the period of extended operation, this guidance 
document is applicable to the aging management of such DSS SSCs. 
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Figure A is a flowchart of the specific-license and CoC renewal process. 

 

Figure A.  Specific-license and CoC renewal process 

 

1.  General Information Review 
• General Information (1.4.1) 
• Financial Information (1.4.2) 
• Environmental Report (1.4.3) 
• Application Content (1.4.4) 

2.  Scoping Evaluation 
• Scoping Process (2.4.1) 
• SSCs within the Scope of Renewal (2.4.2) 
• SSCs not within the Scope of Renewal (2.4.3) 

3.  Aging Management Review 
• Identification of Materials and Environments (3.4.1.1) 
• Identification of Aging Mechanisms and Effects  (3.4.1.2) 
• Aging Management Activities  (3.4.1.3) 
• Aging Management Review for Fuel Assemblies  (3.4.1.4) 

3.5 Time-Limited Aging Analyses 3.6 Aging Management Programs 
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Revision 1 

Based on lessons learned from reviews of specific-license and CoC renewal applications and 
input received from the public and industry, the NRC staff proposed changes to NUREG-1927, 
Revision 0, to add greater detail and clarity.  The staff held public meetings, including a public 
meeting on July 14–15, 2014, to solicit stakeholder input on the staff’s considerations for 
revisions to the guidance.  The staff subsequently took stakeholder input into consideration and 
developed the draft NUREG-1927, Revision 1, which was published for public comment on 
July 7, 2015 (80 FR 38780).  The staff considered public comments received on the draft 
guidance in preparing the final NUREG-1927, Revision 1.  The public comments are located in 
the Agencywide Documents Access and Management System (ADAMS) Package Accession 
No. ML15356A560.  The staff also prepared responses to the public comments, at 
ADAMS Accession No. ML16125A534. 

This revision of NUREG-1927 focuses on expanding guidance on application content, scoping 
evaluation, aging management review, time-limited aging analyses, and elements of an aging 
management program (AMP), including evaluation of AMPs and ensuring these programs 
respond to operating experience to remain adequate throughout the period of extended 
operation (i.e., learning AMPs).  This revision of NUREG-1927 also includes new guidance in 
the areas of:  (1) timely renewal, (2) amendment applications submitted during renewal reviews 
and after the renewal is issued, (3) use of terms, conditions, and specifications for ensuring 
AMPs remain adequate during the period of extended operation, (4) commencement of AMPs 
for CoC renewals and implementation of AMPs, (5) example AMPs, (6) use of a demonstration 
program as a surveillance tool for high burnup fuel performance, and (7) storage terms (and 
calculation of length of time that a dry storage system can remain loaded). 

This revision to NUREG-1927 was developed in parallel with an ongoing effort by the Nuclear 
Energy Institute (NEI) to develop guidance for the industry in the preparation of applications for 
renewal of specific licenses and CoCs.  NEI 14-03, Revision 1, “Format, Content and 
Implementation Guidance for Dry Cask Storage Operations-Based Aging Management” 
(ADAMS Accession No. ML15272A329), includes guidance on the continued evaluation of 
operating experience (see Section 3.6.1.10 of NUREG-1927, Revision 1).  One of the principles 
introduced in NEI 14-03 is the use of “tollgates” as a structured approach for assessing 
operating experience and data from applicable research and industry initiatives.  In addition, 
NEI 14-03 describes an initiative to aggregate and disseminate aging-related operating 
experience, research results, monitoring feedback, and inspection data between licensees.  
The staff provided comments on NEI 14-03, Revision 0, “Guidance for Operations-Based Aging 
Management for Dry Cask Storage” (ADAMS Accession No. ML14266A225), to NEI on 
January 21, 2015 (ADAMS Accession No. ML15013A201).  At the time of publication, the staff 
was continuing its review of NEI 14-03, Revision 1, for proposed NRC endorsement.  However, 
until a time when NEI 14-03 may be endorsed by NRC, Section 3.6.1.10 of NUREG-1927, 
Revision 1, provides guidance to reviewers regarding information in NEI 14-03 that may be 
used or referenced by applicants for specific license or CoC renewals. 
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Standard Review Plan Structure 

Each chapter of this SRP contains the following sections: 

Review Objective:  This section provides the purpose and scope of the review and establishes 
the major review objectives for the chapter.  It also discusses the information needed, or 
coordination expected, from other NRC staff to complete the technical review. 

Areas of Review:  This section describes the structures, systems, and components; analyses, 
data, or other information; and their sequence in the discussion of acceptance criteria. 

Regulatory Requirements:  This section summarizes the regulatory requirements in 
10 CFR Part 72 pertaining to the scoping process, aging management review, and aging 
management activities that include the time-limited aging analyses review.  This list is not 
all-inclusive, and the reviewer should be aware that other parts of the regulations, such as 
10 CFR Part 20, “Standards for Protection against Radiation,” are assumed to apply to all 
licensees.  The reviewer should read the complete language of the current version of 
10 CFR Part 72 to determine the proper set of regulations for the section being reviewed. 

Review Guidance:  This section discusses the specific technical information that should be 
included in the application and reviewed for regulatory compliance.  The review guidance can 
be supplemented by interim staff guidance, NUREGs, etc. 

Evaluation Findings:  This section provides sample summary statements for evaluation findings 
to be incorporated into the safety evaluation report (SER) for each area of review.  The reviewer 
prepares the evaluation findings based on the satisfaction of the regulatory requirements.  The 
NRC publishes the findings in the SER.
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1.  GENERAL INFORMATION REVIEW 

1.1  Review Objective 

The purpose of the general information review is to ensure that the specific-license or certificate 
of compliance (CoC) renewal application meets the requirements listed in Section 1.3 below. 

1.2  Areas of Review 

Areas of review addressed in this chapter include the following: 

• general information (specific license only) 
• financial information (specific license only) 
• environmental report (specific license only) 
• application content 

Areas specifically excluded from the renewal review include the following: 

• structures, systems, and components (SSCs) associated with physical protection of the 
independent spent fuel storage installation (ISFSI) or dry storage system (DSS), under 
Title 10 of the Code of Federal Regulations (10 CFR) Part 72, “Licensing Requirements 
for the Independent Storage of Spent Nuclear Fuel and High-Level Radioactive Waste, 
and Reactor-Related Greater Than Class C Waste,” Subpart H, “Physical Protection” 

• SSCs associated with the ISFSI emergency plan, under 10 CFR 72.32, “Emergency 
Plan” 

1.3  Regulatory Requirements 

Table 1-1 presents a matrix that identifies the specific regulatory requirements pertaining to 
application content, general information about the specific licensee or CoC holder, financial 
information, and the environmental report.  Additional regulatory requirements for the 
environmental report can be found in 10 CFR Part 51, “Environmental Protection Regulations 
for Domestic Licensing and Related Regulatory Functions.” 

Table 1-1.  Relationship of Regulations and General Information Review 

Areas of Review 

 72.22 a 

(a), (b), (c), (d) 
72.22 a 

(e) 72.30(c) a 

Application Content ●   

General Information ●   

Financial Information  ● ● 

Environmental Report    
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Areas of Review  

 72.34 a 72.42 a 72.48(d) 72.240 b 

(b), (c), (d) 

Application Content  ● ● ● 

General Information     

Financial Information     

Environmental Report ●    

a These regulations apply only to specific license renewals per 10 CFR 72.13, “Applicability.” 
b These regulations apply only to CoC renewals per 10 CFR 72.13. 

 

1.4  Review Guidance 

This section provides review guidance for general information (Section 1.4.1), financial 
information (Section 1.4.2), environmental report (Section 1.4.3), and application content 
(Section 1.4.4).  This section also provides information on timely renewal (Section 1.4.5), 
amendment applications submitted during the renewal review or after the renewal is issued 
(Section 1.4.6) and license and CoC conditions (Section 1.4.7). 

1.4.1  General Information 

The U.S. Nuclear Regulatory Commission (NRC) project manager (PM) should ensure that the 
specific licensee has provided information under 10 CFR 72.22(a)–(d), including the specific 
licensee’s full name, address, and description of the business or occupation.  If the specific 
licensee is a partnership, the application should identify the name, citizenship, and address of 
each partner, and the principal location where the partnership does business.  If the specific 
licensee is a corporation or an unincorporated association, the application should specify the 
State in which it is incorporated or organized and the principal location at which it does 
business, along with the names, addresses, and citizenships of its directors and principal 
officers.  If the specific licensee is acting as an agent or representative of another person in 
filing the application, the application should provide the above information for the principal.  If 
the specific licensee is the U.S. Department of Energy, then the application should specify the 
organization responsible for the construction and operation of the ISFSI and describe any 
delegations of authority and assignments of responsibilities. 

1.4.2  Financial Information 

In general, the PM should ensure that the renewal application for a specific license contains the 
necessary documentation regarding financial data, under 10 CFR 72.22(e), which shows that 
the specific licensee can carry out the proposed activities for the requested duration.  
Information should state where the activity will be performed, the general plan for carrying out 
the activity, and the period of time for which the specific license is requested.  The PM should 
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ensure that the renewal application is based only on the approved design bases and does not 
include additional construction costs beyond the design bases.  The application should identify 
other costs related to activities associated with managing aging mechanisms and effects, and it 
should identify ISFSI operating and decommissioning costs that have been revised from those 
specified in the original specific-license application for construction, operation, and 
decommissioning.  In addition, the application should include a decommissioning funding plan 
that identifies any changes in decommissioning costs and the extent of contamination, pursuant 
to 10 CFR 72.30(c). 

The scope of this standard review plan (SRP) does not include specific guidance for reviewing 
financial information.  Financial reviews should be coordinated with financial reviewers in the 
Performance Assessment Branch of the Office of Nuclear Material Safety and Safeguards 
(NMSS) or the Office of Nuclear Reactor Regulation. 

1.4.3  Environmental Report 

The PM should ensure that the specific-license renewal application contains an environmental 
report or supplement, as required by 10 CFR 51.60, “Environmental Report—Materials 
Licenses” and 10 CFR 72.34, “Environmental Report.”  The supplemental report may be limited 
to incorporating by reference, updating, or supplementing the information previously submitted 
to reflect any significant environmental changes, including those that may result from operating 
experience as related to environmental conditions, or a change in operations or proposed 
decommissioning activities. 

The environmental report should also meet the general requirements of 10 CFR 51.45, 
“Environmental Report,” as applicable.  As required by 10 CFR 51.45(c), the environmental 
report should contain sufficient data to aid the NRC in its development of an independent 
analysis. 

The review of the environmental report should be coordinated with the Environmental Review 
Branch of NMSS. 

1.4.4  Application Content 

The reviewer should look for a map or guide to the renewal application to assist in its review, 
because the format may vary from that of a standard safety analysis report (SAR).  The PM or 
reviewer should verify that the renewal application for both CoC and specific-license renewals 
contain all of the following sections: 

• general Information (specific license only) 

• scoping evaluation 

• aging management review (AMR) 

• time-limited aging analyses (TLAAs) 

• aging management programs (AMPs) 

• information pertaining to granted exemptions and their implication to aging management 
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• changes or additions to technical specifications or to the specific license or CoC 

• supplement to the final safety analysis report (FSAR), including: 

– scoping results 
– table of AMR results 
– summary of TLAAs and TLAAs’ conclusions 
– summary of AMPs 

• annotations to show 10 CFR 72.48 (“Changes, Tests, and Experiments”) changes since 
last biannual update as required by 10 CFR 72.48(d)(2) or any other changes from either 
the SAR pages included with the last approved amendment (or initial) application, or the 
FSAR, whichever is most recent 

For CoC renewal applications that involve multiple amendments, the PM or reviewer should 
verify that the renewal application also includes: 

• a description of the organization of the renewal application as it relates to the different 
amendments (i.e., for the CoC as a whole) 

– This could be in the form of a guide to the renewal application to identify 
the sections or appendices applicable to each CoC amendment. 

• a clear description of each amendment 

– That is, what each amendment changed from (or added to) the initial certificate 
(i.e., “amendment 0”), or what each amendment changed from (or added to) the 
previous amendments, should be described. 

• a clear description of the scope and content of the renewal application as it applies to 
each amendment 

– If there are different SSCs, materials, contents specifications, or environments 
described in the different CoC amendments, the application should specify any 
differences in the scoping evaluation, aging management review, TLAAs, and 
AMPs, for each individual amendment. 

A CoC renewal includes the initial certificate (“amendment 0”) and all subsequent amendments.  
The subsequent amendments have the same termination date as the initial certificate.  The CoC 
holder has the option to request that only certain (i.e., not all) amendments under a CoC be 
renewed.  If amendments are not renewed, upon expiration, casks loaded under that 
amendment would need to be removed from service when they reach the end of their storage 
term (see Appendix F for calculation of storage terms).  As a means to extend the storage term, 
a general licensee (cask user) also may have the option to apply changes authorized by another 
amendment to the CoC that has been renewed, to a cask loaded under an amendment that has 
not been renewed following the requirements in 10 CFR 72.212. 

Drawings provided as part of the renewal application should be clear and legible.  If information 
in drawings is unclear or illegible, the PM should ask the applicant for additional, larger or 
full-size drawings.  The reviewer should ensure that dimensions, materials, and other details on 
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the drawings are consistent with those described in both the text of the renewal application and 
the FSAR supplement. 

The reviewer should verify that the applicant has updated the appropriate drawings to reflect 
any changes made to the design of the SSCs through the application of 10 CFR 72.48.  
Reviewers should be familiar with NUREG/CR-5502, “Engineering Drawings for 10 CFR Part 71 
Package Approvals,” issued May 1998.  Although NUREG/CR-5502 was developed for 
transportation packages, the criteria for drawings are consistent for storage designs and 
therefore useful to the review process. 

If the applicant provided drawings and descriptions as proprietary information in the application 
and requested them to be withheld from the public, the PM should review the request for 
withholding and ensure all the necessary information is available for the NRC to make a 
decision on the withholding request, in accordance with the requirements of 10 CFR 2.390, 
“Public Inspections, Exemptions, Requests for Withholding.”  The applicant should also submit 
a nonproprietary version of the document to be made available to the public. 

The reviewer should ensure the specific-license or CoC renewal application does not include 
any changes to the design bases.  Changes to the design bases must be requested through a 
separate amendment process.  However, the renewal application may include editorial changes 
or corrections that do not change the design bases. 

1.4.5  Timely Renewal 

To renew a specific license, an applicant must submit a renewal application at least 2 years 
before the expiration of the license in accordance with the requirements of 10 CFR 72.42(b).  
To renew a CoC, an applicant must submit a renewal application at least 30 days before the 
expiration of the CoC in accordance with the requirements of 10 CFR 72.240(b).  When the 
applicant has submitted a timely application for renewal, the existing specific license or CoC will 
not expire until a final decision concerning the application for renewal has been made by the 
Commission.  Therefore, any DSSs loaded during the initial license or CoC period may remain 
in service until the review of the renewal application is complete. 

1.4.6  Amendment Applications Submitted during the Renewal Review or after 
the Renewal Is Issued 

By regulation, applicants must demonstrate that SSCs important to safety will continue to 
perform their intended function(s) for the requested period of extended operation as a part of 
the renewal request.  For concurrent amendment and renewal applications, the amendment 
application should include a scoping evaluation and an AMR for that amendment to document 
the evaluation of the amendment’s SSCs (and associated subcomponents) for extended 
operation, or the renewal application should be supplemented to address the proposed 
amendment to document the evaluation of the amendment’s SSCs (and associated 
subcomponents) for extended operation.  Any amendment application submitted after the 
renewal has been issued (post-renewal amendment applications) should include a scoping 
evaluation and an AMR for that amendment.   

For post-renewal amendment applications or concurrent amendment applications that include 
a scoping evaluation and an AMR, the amendment application should either:  (1) show that the 
in-scope SSCs (and associated subcomponents) described in the amendment are already 
encompassed in the TLAAs or AMPs included in the specific-license or CoC renewal 
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application, or (2) include revised or new TLAAs or AMPs to address aging effects of any new 
in-scope SSCs (and associated subcomponents) proposed in the amendment application.  The 
PM and technical reviewers should verify that the following information is included in the 
amendment application (see also Section 1.4.4): 

• a scoping evaluation that identifies any new SSCs (and associated subcomponents) 
included in the amendment request and discusses whether the SSCs (and associated 
subcomponents) are included or excluded from the scope of renewal, following the 
guidance in Chapter 2 

• an aging management review that identifies any applicable aging mechanisms and 
effects for the new SSCs (and associated subcomponents) within the scope of renewal 

• changes to the FSAR, which should include: 

– scoping results and identification of any new in-scope SSCs 

– revised table of AMR results 

– identification of the approved TLAAs (or the TLAAs included in the renewal 
application, for concurrent amendments) that address the new in-scope SSCs, 
or identification and a summary of any revised or new TLAAs and the TLAAs’ 
conclusions that support the amendment 

– identification of the approved AMPs (or the AMPs included in the renewal 
application, for concurrent amendments) that encompass the new in-scope 
SSCs (and associated subcomponents), or a summary of proposed changes 
to approved AMPs (or the AMPs in the renewal application, for concurrent 
amendments) or new AMPs that will apply to the new in-scope SSCs (and 
associated subcomponents) 

For concurrent amendment and renewal applications, if there are different PMs assigned to the 
renewal review and the amendment review, the PMs and technical reviewers should coordinate 
across the reviews to ensure that renewal aspects are covered for the amendment.  Note that, 
before proceeding with the review of an amendment submitted during the renewal review, the 
PMs should consider how each review may affect the other, and decide, in conjunction with 
Branch and Division management, whether to proceed with both reviews, or to delay one review 
until the other is complete.  For additional guidance, refer to Regulatory Issue Summary (RIS) 
2004-20, “Lessons Learned from Review of 10 CFR Parts 71 and 72 Applications, (NRC 2004).” 

The NRC staff may include a condition in the renewed license or CoC noting all future 
amendments would need to address aging management. 

1.4.7  Terms, Conditions, and Specifications for Specific Licenses and CoCs in the Period 
of Extended Operation 

In renewing a license or CoC, the staff should consider whether any terms, conditions, or 
specifications are needed to ensure the safe operation of the ISFSI or DSS during the period 
of extended operation, including but not limited to, terms, conditions, and specifications that will 
require implementation of any AMPs.  Several conditions are likely to be included in the license 
or CoC. 
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Generally, NRC staff will renew the license or CoC with a condition requiring the specific 
licensee or CoC holder, respectively, to incorporate a renewal supplement into the FSAR, 
as submitted in the renewal application and revised through the review process (see 
Section 1.4.4).  The specific licensee will be required to continue to update the FSAR under the 
requirements in 10 CFR 72.70.  The CoC holder will be required to continue to update the FSAR 
under the requirements in 10 CFR 72.248. 

NRC staff may renew a license or CoC with a condition requiring licensees to implement 
the activities in the AMPs (e.g., update, revise, or create programs or procedures for AMP 
implementation) by a specific date (see Section 3.6.3).  These programs and procedures will 
be subject to NRC inspection to ensure they are maintained, implemented, and periodically 
updated to respond to operating experience, while providing reasonable assurance that the 
pertinent SSCs will continue to perform their intended functions in the period of extended 
operation. 

As the entirety of the AMP may not be included in the license, CoC, or technical specifications, 
site procedures for AMP implementation may later be changed without prior NRC review and 
approval.  Therefore, the staff should consider whether additional conditions or specifications 
are needed in the specific license or CoC to ensure elements of the AMPs, which are the basis 
of the staff’s findings and the decision to issue the renewal, are effectively retained or 
implemented (e.g., timeframes for development of inspection or examination methods).  These 
conditions should be specific to information in the AMP described in the renewal application 
which staff relied upon to make the requisite safety findings of reasonable assurance of 
adequate protection of public health and safety, and the environment. 

The entire AMPs may be included as an appendix to the staff’s safety evaluation report (SER), 
for complete documentation of the staff’s safety evaluation, findings, and decision to issue the 
renewal.  The staff should include a separate section in the SER that includes any new or 
modified terms, conditions, or specifications that were added to the license or CoC as a result 
of the renewal review.  This section should include the basis for each new or revised term, 
condition, or specification, or it should include a reference to the other sections of the SER 
that discuss the staff’s evaluation and findings that form the basis for the new or revised 
term, condition, or specification. 

For CoC renewals, additional terms, conditions, or specifications may be needed to ensure 
the safe operation of the cask during the renewal term, including but not limited to, terms, 
conditions, and specifications that will require the implementation of an AMP, in accordance with 
10 CFR 72.240(e).  Such conditions may include requirements for a future or existing general 
licensee (cask user) to include in its 10 CFR 72.212(b)(5) evaluation (including the results of the 
review and determination per 10 CFR 72.212(b)(6) and 10 CFR 72.212(b)(8)) how it will meet 
the new CoC terms, conditions, or specifications for aging management (see Appendix E). 

The NRC staff may also include a condition in the renewed license or CoC to ensure that all 
future amendments address the renewed design bases for the ISFSI or CoC, including any 
aging management considerations.  See Section 1.4.6 for guidance on post-renewal 
amendments. 

In addition, the applicant may also propose additional license or CoC conditions as part of its 
application, if these support the technical basis for the application and the proposed TLAAs or 
AMPs that ensure the safe operation of the ISFSI or DSS during the period of extended 
operation. 
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1.5  Evaluation Findings 

The reviewer prepares a summary statement and evaluation findings based on compliance with 
the regulatory requirements in Section 1.3.  The summary statement and evaluation findings 
should be similar in wording to the following example (the finding number is for convenience in 
cross-referencing within the SRP and SER): 

The NRC staff has reviewed the general information provided in the renewal application and 
supplemental documentation.  The NRC staff performed its review following the guidance 
provided in NUREG-1927, Revision 1, “Standard Review Plan for Renewal of Specific Licenses 
and Certificates of Compliance for Dry Storage of Spent Nuclear Fuel,” and relevant interim staff 
guidance.  Based on its review, the NRC staff finds: 

F1.1 The information presented in the renewal application satisfies the requirements of 
10 CFR 72.2, 72.22, 72.30, 72.34, 72.42, 72.48, and 72.240, as applicable. 

F1.2 The applicant has provided a tabulation of all supporting information and docketed 
material incorporated by reference, in compliance with 10 CFR 72.42 or 72.240, 
as applicable. 
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2.  SCOPING EVALUATION 

2.1  Review Objective 

The scoping evaluation should identify the structures, systems, and components (SSCs) of the 
independent spent fuel storage installation (ISFSI) or dry storage system (DSS) that should be 
reviewed for aging mechanisms and effects. 

2.2  Areas of Review 

The reviewer should ensure that the applicant has included information about the following 
areas of review: 

• scoping process 
• SSCs within the scope of specific-license or certificate of compliance (CoC) renewal 
• SSCs not within the scope of specific-license or CoC renewal 

2.3  Regulatory Requirements 

The U.S. Nuclear Regulatory Commission (NRC) bases a specific-license or CoC renewal on 
the continuation of the approved design bases throughout the period of extended operation.  
The entire design bases of the specific license or CoC is considered to be renewed when NRC 
issues a renewed license or CoC.  However, the NRC’s renewal review is focused on the 
maintenance of the intended functions of (a) SSCs important to safety and (b) SSCs failure of 
which may affect a safety function, as discussed in Section 2.4.2.  This guidance document 
refers to such SSCs as those that are within the scope of renewal, and these are the SSCs that 
are further reviewed for aging mechanisms and effects, as discussed in Chapter 3, “Aging 
Management Review.” 

If new safety-related deficiencies in the design bases are discovered, they must be addressed 
and rectified through the specific-license or CoC amendment process.  The renewal process 
cannot be used to facilitate approval of design changes. 

Table 2-1 presents a matrix of regulatory requirements for renewal related to the 
scoping review. 
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Table 2-1.  Relationship of Regulations and Scoping Review 

Areas of Review 10 CFR Part 72 Regulations 

 

72.3 72.24 a 

(b), (c), 
(d) 

72.24 a  

(g) 
72.42 a 

(b) 
Subpart F:  Applicable 

Sections 
72.120, 72.122, 

72.124, 72.126, 72.128 

72.236 b 

Applicable 
Sections 

Scoping Process   ● ●  ● 

SSCs within the 
Scope of 
Specific-License 
or CoC Renewal 

● ● ●  ● ● 

SSCs not within the 
Scope of 
Specific-License 
or CoC Renewal 

 ● ●  ● ● 

a These regulations apply only to specific-license renewals per Title 10 of the Code of Federal Regulations 
(10 CFR) 72.13. 

b These regulations apply only to CoC renewals per 10 CFR 72.13. 

 

2.4  Review Guidance 

This section provides review guidance for the scoping evaluation.  Section 2.4.1 explains the 
scoping process, Section 2.4.2 discusses SSCs within the scope of renewal, while Section 2.4.3 
provides guidance for SSCs not within the scope of renewal. 

2.4.1  Scoping Process 

Figure 2-1 provides a flowchart of the scoping evaluation process.  The reviewer should ensure 
that the application provides documentation of the scoping process that includes the following: 

• a description of the scoping process and method for the inclusion or exclusion of SSCs 
(and associated subcomponents) from the renewal scope 

• a list of the SSCs (and associated subcomponents) that are identified as within the 
scope of renewal, their intended function, and safety classification or basis for inclusion 
in the renewal scope 

• a list of the SSCs (and associated subcomponents) that are identified as not within the 
scope of renewal and basis for exclusion 

• a list of the sources of information used 

• any discussion or drawings needed to clarify the process, SSC intended functions and 
safety classifications 
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Is the SSC 
important to 

safety?

Could the failure 
of the SSC not Important 

to Safety impact a 
safety function?

SSC is not
within the scope of

renewal

SSC is 
within the scope of

renewal 
(see Figure 3-1)

Yes

No

No

Yes

Scoping evaluation
process for

specific license or 
CoC renewal

 

Figure 2-1.  Flowchart of scoping evaluation process 

The application should include a list and description of reference sources used to support the 
scoping evaluation.  Sources may include the following: 

• safety analysis reports (SARs), including final SARs (FSARs), updated FSARs, and 
topical SARs 

• license or CoC 

• technical specifications 

• approved exemptions 

• operating procedures 

• design-bases documents (e.g., calculations, specifications, design change documents) 

• drawings 
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• quality assurance plan or program 

• docketed correspondence 

• operating experience reports (site-specific or industrywide, as applicable) 

• Title 10 of the Code of Federal Regulations (10 CFR) 72.48 (“Changes, Tests, and 
Experiments”) evaluations and screenings 

• vendor information 

• applicable NRC guidance 

The reviewer can refer to NUREG/CR-6407, “Classification of Transportation Packaging 
and Dry Spent Fuel Storage System Components According to Importance to Safety,” as a 
reference for classification of components as important to safety to determine the accuracy 
and completeness of the scoping evaluation.  The reviewer should ensure that the scoping 
evaluation has evaluated all SSCs identified in the design-bases documents and properly 
differentiated them as either within or not within the scope of renewal.  In addition, the 
identification of SSCs and SSC subcomponents in the scoping evaluation should be consistent 
throughout the application. 

2.4.2  Structures, Systems, and Components within the Scope of Renewal 

The reviewer should verify that the SSCs (and associated subcomponents) within the scope of 
renewal fall into the following scoping categories: 

(1) They are classified as important to safety, as they are relied on to do one of the 
following functions: 

i. maintain the conditions required by the regulations, specific license, or CoC to 
store spent fuel safely 

ii. prevent damage to the spent fuel during handling and storage 

iii. provide reasonable assurance that spent fuel can be received, handled, 
packaged, stored, and retrieved without undue risk to the health and safety of 
the public 

These SSCs ensure that important safety functions are met for (1) confinement, 
(2) radiation shielding, (3) sub-criticality control, (4) heat-removal capability, (5) structural 
integrity, and (6) retrievability. 

(2) They are classified as not important to safety but, according to the design bases, their 
failure could prevent fulfillment of a function that is important to safety. 

The reviewer should verify that SSCs within the scope of renewal are screened to identify and 
describe the subcomponents with intended functions.  The reviewer should recognize that SSC 
subcomponents may degrade by different modes, or have different criteria for evaluation from 
the overall component (i.e., different materials or environments). 
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The scoping evaluation should clearly (1) define the intended function of each SSC 
subcomponent and (2) differentiate SSC subcomponents per scoping criteria 1 and 2, as 
defined above.  The reviewer should ensure that this information is tabulated or adequately 
described in the application.  The reviewer should confirm that this information is 
comprehensive and accurate (i.e., SSC subcomponents are not missing from the scoping 
evaluation; SSC subcomponent naming is consistent with the design bases; intended functions 
are properly described) by comparing the results of the scoping evaluation to appropriate final 
safety analysis report (FSAR) drawings or tables. 

2.4.2.1  Scoping of Fuel Assemblies 

Traditional light water reactor spent nuclear fuel consists of fuel rods and assembly hardware.  
In turn, the fuel rods consist of uranium oxide pellets inside a cladding tube.  The spent fuel 
cladding and assembly hardware provide structural support to ensure that the spent fuel is 
maintained in a known geometric configuration.  The safety analyses for an ISFSI or DSS 
(e.g., criticality and shielding analyses) may rely on the fuel assembly having a specific 
configuration (e.g., geometric form, a certain number of fuel rods or solid replacement filler rods 
in the assembly lattice).  As the renewal of a specific license or CoC is based on continuation of 
the approved design bases throughout the period of extended operation (as discussed in 
Section 2.3), for these ISFSIs or DSSs, the renewal application should demonstrate that the 
analyzed fuel configuration is maintained during the period of extended operation.  Therefore, 
the condition of the fuel assembly and cladding are within the scope of renewal and should be 
reviewed for any aging mechanisms and effects that may lead to a change in the analyzed fuel 
configuration.  If a licensee or CoC holder wishes to revise the safety analyses for the approved 
design-bases fuel configuration (i.e., analyzed fuel configuration), it should pursue such a 
change through an amendment or revision request, and not as part of the renewal application. 

2.4.2.2  Scoping of Structures, Systems, and Components, Depending on Individual Design 
Bases 

In some cases,  transfer casks, transporter devices, reinforced concrete pads, and other 
engineered features (e.g., earthen berms, shield walls, or engineered fill within an underground 
ISFSI) may be classified as important to safety or safety-related (under 10 CFR Part 50) in the 
design bases of various ISFSIs or DSSs.  The reviewer should review the FSAR to determine 
how these SSCs are used in the FSAR evaluations and described in the license or CoC, to 
understand whether these SSCs are considered part of the design bases, and thus whether 
they are considered to be within the scope of renewal. 

2.4.3  Structures, Systems, and Components Not within the Scope of Renewal 

For those SSCs (and associated subcomponents) excluded from the scope of renewal, the 
reviewer should verify that they do not meet either of the criteria described in Section 2.4.2.  
The reviewer should ensure that the applicant has properly justified any exclusions 
by referencing the design bases (i.e., FSAR description, drawings, or tables). 

The following SSCs may be excluded from the scope of renewal, provided that they do not meet 
either of the criteria in Section 2.4.2 above: 

• equipment associated with cask loading and unloading, such as (1) welding and sealing 
equipment, (2) lifting rigs and slings, (3) vacuum-drying equipment, (4) portable radiation 
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survey equipment, and (5) other tools, fittings, hoses, and gauges associated with cask 
loading and unloading 

• Instrumentation and other active components/systems (i.e., not passive or long-lived, but 
subject to a change in configuration or replacement based on a qualified life or service 
time period) 

• miscellaneous hardware that does not support or perform any function that is important 
to safety 

2.5  Evaluation Findings 

The reviewer prepares the summary statement and evaluation findings based on compliance 
with the regulatory requirements described in Section 2.3.  The summary statement and 
evaluation findings should be similar in wording to the following example (the finding number 
is for convenience in cross-referencing within the Standard Review Plan (SRP) and safety 
evaluation report (SER)): 

The NRC staff reviewed the scoping evaluation provided in the renewal application and 
supplemental documentation.  The NRC staff performed its review following the guidance 
provided in NUREG-1927, Revision 1, “Standard Review Plan for Specific Licenses and 
Certificates of Compliance for Dry Storage of Spent Nuclear Fuel,” and relevant ISGs.  The 
NRC staff used the information provided in NUREG/CR-6407 (“Classification of Transportation 
Packaging and Dry Spent Fuel Storage System Components According to Importance to 
Safety”) in its review as a reference for classification of components as important to safety to 
determine the accuracy and completeness of the scoping evaluation.  Based on its review, the 
NRC staff finds: 

F2.1 The applicant has identified all SSCs important to safety and SSCs failure of which could 
prevent an SSC from fulfilling its safety function, per the requirements of 10 CFR 72.3, 
10 CFR 72.24, 10 CFR 72.42, 10 CFR 72.120, 10 CFR 72.122, 10 CFR 72.124, 
10 CFR 72.126, 10 CFR 72.128 and 10 CFR 72.236, as applicable. 

F2.2 The justification for any SSC determined not to be within the scope of the renewal is 
adequate and acceptable. 
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3.  AGING MANAGEMENT REVIEW 

3.1  Review Objective 

The purpose of the aging management review (AMR) is to assess the proposed aging 
management activities (AMAs) for structures, systems, and components (SSCs) determined to 
be within the scope of renewal.  The AMR addresses aging mechanisms and effects 1 that could 
adversely affect the ability of the SSCs (and associated subcomponents) from performing their 
intended functions during the period of extended operation.  The reviewer should verify that the 
renewal application includes specific information that clearly describes the AMR performed on 
SSCs within the scope of renewal. 

3.2  Areas of Review 

The reviewer should ensure that the AMR in the renewal application provides the following 
content with adequate technical bases: 

• identification of materials and environments for those SSCs and 
associated subcomponents determined to be within the scope of renewal 

• identification of aging mechanisms and effects requiring management 

• identification of time-limited aging analyses (TLAAs), if applicable, and 
aging management programs (AMPs) for managing the effects of aging 

Figure 3-1 contains a flowchart for the AMR process.  The final safety analysis report (FSAR) 
and supporting documents related to the design are the primary documents that describe the 
safety classification, intended function, materials, and service environments for SSCs of 
independent spent fuel storage installations (ISFSIs), dry storage systems (DSSs), or both, 
identified to be within the scope of renewal (see Section 2.4.1). 

The reviewer should consult applicable consensus codes and standards that provide additional 
guidance on the applicability of aging mechanisms and effects.  The use of ambiguous 
terminology from any standard (e.g., “change in material properties”) should be properly defined 
or referenced in the application.  Refer to Appendix A for assessing non-quantifiable terms. 

                                                
1 To effectively manage an aging effect, it is necessary to determine the aging mechanisms that are 

potentially at work for a given material and environment application. Therefore, the aging management 
review process identifies both the aging effects and the associated aging mechanisms that cause them. 
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Figure 3-1.  Flowchart of AMR process 

SCE-SER 001968

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-8, Page 38 of 141
(2007 of 2110)



 

23 

Is the TLAA 
reconfirmed for the 

renewal period?

TLAA confirmed and
documented in FSAR 

supplement.
No further action 

necessary

Yes

Yes

NoCan TLAA 
adequately predict 

degradation associated 
with identified 
aging effect?

No

Action Required:
Modification of an AMP 

in Appendix B or
introduction of a
new AMP to be 

reviewed by the NRC
and documented in
FSAR supplement

TLAA AMP

Cont.
from

previous
page

 

Figure 3-1.  Flowchart of AMR process (continued) 

 

3.3  Regulatory Requirements 

Title 10 of the Code of Federal Regulations (10 CFR) 72.42 and 10 CFR 72.240 provide the 
overarching requirements for aging management activities for renewal of specific licenses and 
certificates of compliance (CoCs).  Table 3-1 presents a matrix of regulatory requirements that 
must continue to be met to ensure that the intended functions of SSCs of ISFSIs and DSSs are 
maintained during the period of extended operation.  Other parts of 10 CFR Part 72 may also 
apply. 
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Table 3-1.  Relationship of Regulations and Aging Management Reviews 

Areas of Review 10 CFR Part 72 Regulations 

 72.24 a 

(d) 
72.82 a 

(d) 
72.104 a 

(a) 
72.106 a 

(b) 
72.120 a 

(a),(d) 

Aging Effects ●  ● ● ● 

Aging Management, Maintenance, 
or Surveillance Programs  ●    

TLAAs ●  ● ● ● 

 

Areas of Review 10 CFR Part 72 Regulations 

 72.122 a 

(a),(b),(c),(h)(1), 
(h)(5),(l) 

72.122 a 

(f),(h)(4),(i) 
72.124 72.126a 72.128 a 

(a) 

Aging Effects ●  ● ●  

Aging Management, Maintenance, 
or Surveillance Programs  ●  ● ● 

TLAAs ● ● ● ● ● 

 

Areas of Review 10 CFR Part 72 Regulations 

 72.158 72.162 72.164 72.168 
(a) 

72.170  

Aging Effects ● ● ●    
Aging Management, Maintenance, 
or Surveillance Programs ● ● ● ● ●  

TLAAs     ●  
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Table 3-1.  Relationship of Regulations and Aging Management Reviews (continued) 

Areas of Review 10 CFR Part 72 Regulations  

 
72.172 72.236 b 

Applicable 
Sections 

72.240(d) b  

Aging Effects  ● ●  

Aging Management, Maintenance, 
or Surveillance Programs ● ● ●  

TLAAs     

a These regulations apply only to specific-license renewals per 10 CFR 72.13. 
b These regulations apply only to CoC renewals per 10 CFR 72.13. 

 

3.4  Materials, Service Environments, Aging Mechanisms and Effects, and Aging 
Management Activities 

3.4.1  Review Guidance 

This section provides review guidance for the aging management review.  Section 3.4.1.1 
describes the identification of materials and their environments.  Section 3.4.1.2 describes the 
identification of aging mechanisms and effects.  Section 3.4.1.3 describes the review of aging 
management activities.  Section 3.4.1.4 describes the aging management review for spent 
fuel assemblies. 

3.4.1.1  Identification of Materials and Environments 

The AMR process includes the identification of the materials of construction and the service 
environments for each SSC (or SSC subcomponent) within the scope of renewal.  The 
identification of SSCs and SSC subcomponents in the AMR process should be consistent 
with the identification in the scoping evaluation.  The reviewer should ensure that the renewal 
application has provided environmental data (and referenced the source of the data) such that 
the range of operating and service conditions of the SSCs can be determined.  The pertinent 
environmental data is that which has a direct bearing on aging and the proposed aging 
management approach, and may include: 

• temperature 
• wind 
• relative humidity 
• relevant atmospheric pollutants and deposits 
• exposure to precipitation 
• marine fog, salt, or water exposure 
• radiation field (gamma and neutron) 
• the service environment (e.g., embedded, sheltered, or outdoor) 
• gas compositions (e.g., external:  air; internal:  inert gas such as helium) 
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The reviewer should verify that the applicant considered the specific environment and material 
combinations in the DSS design for the evaluation of observed and potential aging mechanisms 
and effects that may lead to a loss of intended function.  Particular attention should be paid to 
dissimilar metal combinations that may result in galvanic effects such as hydrogen uptake or 
galvanic corrosion.  For sheltered environments that are in contact with the site atmosphere, 
the potential deposition and accumulation of atmospheric deposits should be evaluated.  For 
example, chloride salt deposits that can promote accelerated corrosion of SSCs may be 
relevant in locations near salt water, adjacent to cooling towers, or in close proximity to roads 
that are treated with deicing salts. 

3.4.1.2  Identification of Aging Mechanisms and Effects 

The reviewer should ensure that the applicant has provided an analysis and documentation that 
identify aging mechanisms and effects pertinent to the SSCs determined to be within the scope 
of renewal.  The AMR should include aging mechanisms and effects that could reasonably be 
expected to occur, as well as those that have actually occurred, based on industry and 
site-specific operating experience and component testing.  The reviewer should ensure that the 
CoC renewal evaluates all potential environments where the DSS may be used and provides 
applicable operating experience to justify the AMR conclusions. 

The reviewer should review the applicant’s synopses of information used to identify applicable 
aging mechanisms and effects.  Identification of applicable aging mechanisms and effects may 
be through review of: 

• site maintenance, repair, and modification records 

• corrective action reports, including root cause evaluations 

• pre-application inspection results (see below) 

• maintenance and inspection records from ISFSI sites with similar SSC materials and 
operating environments 

• industry records 

• applicable operating experience outside the nuclear industry 

• applicable consensus codes and standards 

• U.S. Nuclear Regulatory Commission (NRC) reports 

• other applicable guidance for determining if an aging mechanism or effect should be 
managed for the period of extended operation 

Examples of potential aging mechanisms and effects that may be identified by reviewing the 
sources of information cited above include:  (1) cracking or loss of strength as a result of cement 
aggregate reactions in the concrete, (2) cracking or loss of material as a result of freeze-thaw 
degradation of the concrete (requires the presence of moisture combined with temperatures 
below freezing), (3) reinforcement corrosion and concrete cracking as a result of chloride 
ingress, (4) accelerated corrosion of steel structures and components and stress corrosion 
cracking of austenitic stainless steels as a result of atmospheric deposition of chloride salts.  
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The reviewer should ensure that, if the applicant relies on operating experience, it is specifically 
applicable to the SSC subcomponent/material/environment, and is not just a compendium of 
references on similar topics. 

The applicant is not required to take further action if an SSC is determined to be within the 
scope of renewal but is found to have no potential aging effects for the period of extended 
operation.  The reviewer should verify that the applicant’s exclusion of an aging mechanism or 
effect is consistent with maintenance records, operating experience, and information obtained 
during pre-application inspection(s).  The reviewer should also ensure that the FSAR 
supplement or other application materials document the applicant’s determination of SSCs 
requiring no further review. 

Pre-Application Inspections 

Because inspections of DSSs are not typically conducted during the initial storage period, or 
are narrow in scope, the reviewer may have limited information regarding applicable aging 
mechanisms and effects for the specific design, environment, and operational parameters.  
Although there is no specific regulatory requirement for a pre-application inspection, it is one 
means by which an applicant can demonstrate that an aging effect does or does not require 
management.  It can provide valuable operating experience and can be used to verify the 
condition of SSCs and SSC subcomponents is as-expected.  The pre-application inspection 
is performed before submittal of the specific-license or CoC renewal application, and the 
inspection results become part of the technical bases for renewal. 

Pre-application inspections should bound the site conditions, system designs, material 
combinations, and operating parameters that may contribute to the potential aging mechanisms 
and effects for SSCs and SSC subcomponents within the scope of renewal.  For example, if 
chloride-induced stress corrosion cracking (CISCC) of a stainless steel canister is a potential 
aging mechanism, then the pre-application inspection should be conducted on the canister that 
has the greatest susceptibility to CISCC.  The determination of susceptibility may involve the 
initial heat load of the canister, expected temperature variations on the canister surface with 
priority given to the coolest locations and welds, and the canister location if it is determined that 
some DSSs at a site may be located closest to or oriented toward a source of atmospheric 
chlorides.  To address such variables, particularly for CoC renewal applications, pre-application 
inspections may involve SSCs in multiple DSSs at an ISFSI, and DSSs at multiple ISFSIs, as 
applicable. 

Pre-application inspections may not include transfer casks or other similar SSCs that are 
leased or otherwise not actually on site.  The latter SSCs are generally subject to maintenance 
requirements before use.  Records from these maintenance activities may be included in the 
application in support of their respective aging management programs.  Applicants are 
encouraged to discuss their considerations for selecting the system(s) to inspect with NRC 
staff in pre-application meetings before submitting the renewal application. 

The reviewer should ensure that the scope, methods, and acceptance criteria for pre-application 
inspections align with the guidance for the AMP elements described in Section 3.6.1 of this 
document.  The reviewer may use technical information in the example aging management 
programs in Appendix B as a reference when reviewing the adequacy of pre-application 
inspections.  The reviewer should ensure that the application provides a description of any 
initiated corrective actions (including results from actions to verify extent of condition) due to 
conditions identified in the pre-application inspection(s). 
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The reviewer may accept the use of surrogate inspections (inspections conducted at other sites 
as a substitute for inspections conducted at the site(s) within the subject license or CoC) for 
identifying the relevant aging mechanisms and effects in the renewal application, but only when 
the technical basis is supported by substantial operating experience.  Differences in materials, 
fabrication practices, design modifications, and environmental conditions at various sites could 
make comparisons between different ISFSI sites invalid. 

The CoC holder is responsible for providing the technical basis for the proposed approach 
to aging management at multiple sites (where the CoC is and can be used).  Therefore, 
pre-application inspections are likely only practical at a subset of sites that use the CoC.  In this 
case, the reviewer should ensure that the chosen subset of sites is bounding with respect to the 
susceptibility of the various potential aging effects.  Although CoC holders do not have the 
authority to conduct pre-application inspections at general licensee ISFSI sites, CoC holders 
could work within their user groups to identify bounding systems for the pre-application 
inspections.  If pre-application inspections are not performed for each of the sites with the 
subject license or CoC, the reviewer should ensure that aging management programs include 
baseline inspections at each site upon entering the period of extended operation. 

During baseline inspections, or the first inspections conducted per the AMPs, each licensee 
should assess the condition of SSCs:  (1) to confirm the results of pre-application inspections 
that were conducted at other sites are bounding, or (2) to verify the adequacy of the AMPs and 
the conclusions of the TLAAs, when pre-application inspections were not performed.  Also, the 
reviewer should consider whether uncertainties in SSC degradation due to the lack of a 
pre-application inspection warrant conditions in the license or CoC to require baseline 
inspections immediately upon entering the period of extended operation (see Section 1.4.7). 

3.4.1.3  Aging Management Activities 

The reviewer should ensure that the applicant has identified those aging mechanisms and 
effects requiring either an AMP or TLAA.  Figure 3-1 illustrates the process for handling those 
SSCs that are determined to be within the scope of renewal and subject to a potential aging 
effect.  The AMR defines two methods for addressing potential aging mechanisms and effects:  
TLAA (Section 3.5) and AMP (Section 3.6). 

The NRC may condition the approval of a renewal on the requirements of a given AMP being 
met during the period of extended operation (see Section 1.4.7).  The CoC user (general 
licensee) would ordinarily carry out the activities described in this AMP.  Under 
10 CFR 72.212(b)(11) and 10 CFR 72.240(e), the NRC may add the appropriate condition(s) or 
technical specification(s) to the renewed CoC for general licensee implementation of the AMP.  
Specific licenses may also be similarly conditioned (see Section 1.4.7). 

3.4.1.4  Aging Management Review for Fuel Assemblies 

Because the DSS interior and cladding cannot be reasonably inspected, the reviewer should 
rely on lessons learned from NUREG/CR-6745, “Dry Cask Storage Characterization Project—
Phase 1; CASTOR V/21 Cask Opening and Examination,” (Bare et al., 2001), and 
NUREG/CR-6831, “Examination of Spent PWR Fuel Rods after 15 Years in Dry Storage,” 
(Einziger et al., 2003).  This research demonstrated that low burnup fuel cladding and other 
cask internals had no deleterious effects after 15 years of storage.  This research confirmed 
the basis for the guidance on creep deformation in Interim Staff Guidance (ISG) 11, “Cladding 
Considerations for the Transportation and Storage of Spent Fuel,” Revision 3, (NRC 2003).  The 
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NRC staff has indicated in ISG 11, Revision 3 that the spent fuel configuration is expected to be 
maintained as analyzed in the safety analyses for the ISFSI or DSS, provided certain 
acceptance criteria (regarding maximum fuel clad temperature and thermal cycling) are 
met, and the fuel is stored in a dry inert atmosphere.  These research results suggest that 
degradation of low burnup fuel cladding and assembly hardware should not occur during the 
first renewal period, provided that the cask or canister internal environment is maintained. 

The reviewer should assess whether the applicant has considered the most recent revision of 
ISG-11 and research results in this area, especially with respect to high burnup (HBU) fuel.  
Research into fuel performance in storage is an ongoing effort.2  The reviewer should ensure 
that the applicant has monitored new research developments to ensure it has identified any 
new potential aging mechanisms and effects and provided new supporting data demonstrating 
HBU fuel performance during the period of extended operation.  Although NRC has confidence 
based on short-term testing (i.e., laboratory scale testing up to a few months) that there is no 
degradation of HBU fuel that would result in spent fuel being in an unanalyzed configuration in 
the period of extended operation, there is no operational data to demonstrate this as was done 
in the aforementioned demonstration on low burnup fuel. 

Guidance for one acceptable approach to demonstrate the HBU fuel performance during the 
period of extended operation is provided in the “Example of a High Burnup Fuel Monitoring and 
Assessment Program” in Appendix B.  This is a licensee program that monitors and assesses 
data and other information regarding HBU fuel performance, to confirm that the analyzed HBU 
fuel configuration is maintained during the period of extended operation.  Guidance for 
determining if a surrogate demonstration program can provide the data to support a licensee’s 
HBU Fuel Monitoring and Assessment Program is given in Appendix D.  Alternative 
approaches to that presented in Appendix B may be used, as appropriately justified by 
an applicant. 

3.4.2  Evaluation Findings 

The reviewer prepares the summary statement and evaluation findings based on compliance 
with the regulatory requirements in Section 3.3.  The summary statement and evaluation 
findings should be similar in wording to the following example (the finding number is for 
convenience in cross-referencing within the Standard Review Plan (SRP) and safety evaluation 
report (SER)): 

The NRC staff reviewed the aging management review provided in the renewal application 
and supplemental documentation.  The NRC staff performed its review following the guidance 
provided in NUREG-1927, Revision 1, “Standard Review Plan for Renewal of Specific Licenses 
and Certificates of Compliance of Dry Storage of Spent Nuclear Fuel,” and relevant ISGs.  
Based on its review, the NRC staff finds: 

F3.1 The applicant’s AMR process to be comprehensive in identifying the materials of 
construction and associated operating environmental conditions for those SSCs within the 
scope of renewal and has provided a summary of the information in the renewal application 
and FSAR supplement. 

                                                
2 For example, research programs at Argonne National Laboratory (for NRC and the U.S. Department of 

Energy (DOE)), and other programs performed for the Nuclear Regulation Authority (formerly Japan Nuclear 
Energy Safety Organization) have studied hydride reorientation effects; Oak Ridge National Laboratory has 
also studied bending responses of the fuel. 
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F3.2 The applicant’s AMR process to be comprehensive in identifying all pertinent aging 
mechanisms and effects applicable to the SSCs within the scope of renewal and has provided 
a summary of the information in the renewal application and FSAR supplement. 

3.5  Time-Limited Aging Analyses 

TLAAs are calculations or analyses used to demonstrate that in-scope SSCs will maintain their 
intended function throughout an explicitly stated period of extended operation (e.g., 40 years).  
These calculations or analyses may be used to assess fatigue life (number of cycles to 
predicted failure), or time-limited life (operating timeframe until expected loss of intended 
function).  TLAAs should account for environmental effects.  Under 10 CFR 72.3, “Definitions,” 
TLAAs are those calculations and analyses meeting all six of the following criteria: 

(1) Involve SSCs important to safety within the scope of the specific-license renewal, as 
delineated in Subpart F of 10 CFR Part 72, or within the scope of the spent fuel storage 
CoC renewal, as delineated in Subpart L of 10 CFR Part 72, respectively. 

(2) Consider the effects of aging. 

(3) Involve time-limited assumptions defined by the current operating term. 

(4) Were determined to be relevant by the specific licensee or certificate holder in making a 
safety determination. 

(5) Involve conclusions or provide the basis of conclusions related to the capability of SSCs 
to perform their intended safety functions. 

(6) Are contained or incorporated by reference in the design bases. 

Under 10 CFR 72.42(a)(1) or 72.240(c)(2), the reviewer should ensure that the application 
includes a list of TLAAs.  The NRC staff uses the FSAR and other documents where the design 
bases are detailed to perform the review and confirm that the applicant did not omit any TLAAs 
submitted as part of the approved design bases.  The number and type of TLAAs vary 
depending on the design bases of the ISFSI or DSS.  The reviewer should ensure that all 
six criteria set forth in 10 CFR 72.3 (and repeated in this section) are satisfied to conclude that a 
calculation or analysis is a TLAA. 

The following examples illustrate analyses that are not TLAAs and need not be addressed 
under 10 CFR 72.42(a)(1) or 72.240(c)(2): 

• Analyses with time-limited assumptions defined short of the initial license or CoC term, 
for example, an analysis for a component based on a service life that would not reach 
the end of the initial license or CoC term. 

• Analyses not contained or incorporated by reference in the design bases.  Although not 
TLAAs by definition, the reviewer should note that these analyses may be included in the 
renewal application to justify the proposed attributes of an AMP (e.g., inspection 
frequency, sample size) for a particular SSC within the scope of renewal.  These 
analyses may further be used in the AMR to justify the exclusion of an aging 
mechanism/effect or SSC subcomponent from the scope of an AMP (i.e., not requiring 
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any aging management activities), if the analysis is approved by the staff and included 
or summarized in the application. 

3.5.1  Review Guidance 

The reviewer should ensure that the applicant has appropriately identified TLAAs by applying 
the six criteria described below for SSCs within the scope of renewal: 

(1) Involve SSCs important to safety within the scope of the specific-license or CoC 
renewal.  Chapter 2 of this SRP provides the reviewer guidance on the scoping 
methodology. 

(2) Consider the effects of aging.  The effects of aging include but are not limited to loss 
of material, change in dimension, change in material properties, loss of strength, 
settlement, and cracking.  The reviewer should ensure that any calculations or analyses 
relying on environmental susceptibility criteria are adequately supported by a valid 
technical basis, such as NRC endorsed criteria or operating experience.  An AMP might 
be more applicable in these cases. 

(3) Involve time-limited assumptions defined by the current operating term.  The defined 
operating term should be explicit in the analysis.  Simply asserting that the SSC is 
designed for a DSS or ISFSI service life is not sufficient.  Calculations, analyses, or 
testing that explicitly include a time limit should support the assertions. 

(4) Were determined to be relevant by the licensee or certificate holder in making a safety 
determination.  Relevancy is a determination that the applicant makes based on a review 
of the information available.  A calculation or analysis is relevant if it can be shown to 
have a direct bearing on the action taken as a result of the analysis performed.  
Analyses are also relevant if they provide the basis for a safety determination, and, 
in the absence of analyses, the applicant might have reached a different conclusion. 

(5) Involve conclusions or provide the basis of conclusions related to the capability of SSCs 
to perform their intended safety functions.  The TLAA should provide conclusions or a 
basis for conclusions regarding the capability of the SSC to perform its intended function 
through the end of the period of extended operation.  If the TLAA does not provide a 
conclusion supporting the capability of the SSC to perform its intended function through 
the end of the period of extended operation, then the TLAA is not confirmed, and the 
applicant should propose an AMP to address/manage the aging mechanism or effect 
on the SSC.  Analyses that do not affect the intended functions of SSCs are not TLAAs. 

(6) Are contained or incorporated by reference in the design bases.  TLAAs should already 
be contained or incorporated by reference in the design-bases documents.  Such 
documentation includes the (1) FSAR, (2) technical specifications, (3) correspondence 
to and from the NRC, (4) quality assurance plan, and (5) topical reports included as 
references in the FSAR.  The reviewer should ensure that the applicant has provided 
any references cited in design-bases documents that may be needed to clarify the 
assumptions, methods, or values used in TLAAs. 

The reviewer should ensure that the applicant has appropriately dispositioned an identified 
TLAA by one of the following methods: 
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• Demonstrate the existing analysis remains valid for the period of extended operation, 
has already considered the requested period of extended operation, and concludes that 
the SSC will continue to perform its intended function through the end of the requested 
period of extended operation. 

• Revise or update the existing analysis to demonstrate that it has been projected to the 
end of the requested period of extended operation and concludes that the SSC will 
continue to perform its intended function through the end of the requested period of 
extended operation. 

• Manage the effects of aging on the SSC for the requested period of extended operation 
through an AMP. 

3.5.2  Evaluation Findings 

The reviewer prepares the summary statement and evaluation finding based on compliance 
with the regulatory requirements in Section 3.3.  The summary statement and evaluation finding 
should be similar in wording to the following example (the finding number is for convenience in 
cross-referencing within the SRP and SER): 

The NRC staff reviewed the TLAAs provided in the renewal application and supplemental 
documentation.  The NRC staff performed its review following the guidance provided in 
NUREG-1927, Revision 1, “Standard Review Plan for Renewal of Specific Licenses and 
Certificates of Compliance for Dry Storage of Spent Nuclear Fuel,” and relevant ISGs.  The 
NRC staff verified that the TLAA assumptions, calculations, and analyses are adequate and 
bound the environment, and aging mechanism or aging effect for the pertinent SSCs.  Based 
on its review, the NRC staff finds: 

F3.3 The applicant identified all aging mechanisms and effects pertinent to SSCs within the 
scope of renewal that involve TLAAs.  The methods and values of the input parameters for the 
applicant’s TLAAs are adequate.  Therefore, the applicant’s TLAAs provide reasonable 
assurance that the SSCs will maintain their intended function(s) for the period of extended 
operation, require no further aging management activities, and meet the requirements in 
10 CFR 72.42(a)(1) or 10 CFR 72.240(c)(2), as applicable. 

3.6  Aging Management Programs 

AMPs monitor and control the degradation of SSCs within the scope of renewal so that aging 
effects will not result in a loss of intended functions during the period of extended operation.  An 
AMP includes all activities that are credited for managing aging mechanisms or effects for 
specific SSCs, including activities conducted during the initial storage period.  An effective AMP 
prevents, mitigates, or detects the aging effects and provides for the prediction of the extent of 
the effects of aging and timely implementation of corrective actions before there is a loss of 
intended function. 

AMPs should be informed, and enhanced when necessary, based on the ongoing review of 
both site-specific and industrywide operating experience, including relevant international and 
non-nuclear operating experience.  Operating experience provides direct confirmation of the 
effectiveness of an AMP and critical feedback for the need for improvement.  As new knowledge 
and data become available from new analyses, experiments, and operating experience, 
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licensees and CoC holders should revise existing AMPs (or pertinent procedures for AMP 
implementation) to address program improvements or aging issues. 

3.6.1  Review Guidance 

An AMP should contain the following 10 elements: 

(1) scope of program 
(2) preventive actions 
(3) parameters monitored or inspected 
(4) detection of aging effects 
(5) monitoring and trending 
(6) acceptance criteria 
(7) corrective actions 
(8) confirmation process 
(9) administrative controls 
(10) operating experience 

Review of the AMPs should include an assessment of the 10 program elements to verify their 
technical adequacy.  In general, the reviewer should examine the details of these 10 elements 
for managing the aging mechanisms and effects identified by the aging management review 
(AMR) process.  The reviewer should recognize that an applicant may develop AMPs following 
a different format or style.  For such reviews, the NRC staff should ensure that sufficient detail 
(i.e., supporting technical bases) is provided in the alternate format in comparison with the 
10 AMP elements of this guidance. 

The reviewer should determine if the proposed AMP is adequate for managing the aging 
mechanisms and effects of the SSCs identified by the AMR.  The following sections provide 
specific guidance for the review of each element of an AMP. 

3.6.1.1  Scope of Program 

The scope of the program should list the specific SSCs and subcomponents covered by the 
AMP and the intended functions to be maintained.  In addition, the element should state the 
specific materials, environments, and aging mechanisms and effects to be managed.  The 
reviewer should verify that the scope defined for the AMP is clear and specific. 

3.6.1.2  Preventive Actions 

Preventive actions are used to prevent aging or mitigate the rates of aging for SSCs through 
the activities in the AMP.  The reviewer should verify that these activities, if applicable, are 
described.  For example, an applicant may cite a ground dewatering system to ensure control of 
long-term settlement of structures or the continuance of inspections to ensure that air inlet/outlet 
vents are not blocked.  Some condition or performance monitoring programs do not rely on 
preventive actions and thus this information need not be provided. 

The reviewer should ensure that any proposed preventive action will not result in an unintended 
consequence to the ability of an SSC to fulfill its intended function(s).  For example, if the 
applicant has proposed to change a coating system to prevent loss of material due to corrosion, 
the reviewer should ensure that the applicant has verified coating compatibility to confirm that 
the proposed action will not compromise the intended function(s) of the SSC. 
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3.6.1.3  Parameters Monitored or Inspected 

This program element should identify the specific parameters that will be monitored or inspected 
and describe how those parameters will be capable of identifying degradation or potential 
degradation before a loss of intended function.  The use of the parameters should be 
demonstrated to be capable of: 

• monitoring the effectiveness of activities that prevent or mitigate aging 
(e.g., environmental controls) 

• monitoring the performance of SSCs as an indirect indicator of degradation 
(e.g., radiation rate monitoring at the external surface of a cask) 

• detecting, through direct inspection, the presence and severity of conditions or 
discontinuities that may have an effect on the function of SSCs (e.g., nondestructive 
examination of a component surface) 

The reviewer should ensure that this program element provides a clear link between the aging 
effects identified in the scope of the program and the parameters monitored or inspected. 

3.6.1.4  Detection of Aging Effects 

Detection of aging effects should occur before there is a loss of intended function for any 
SSC identified within the scope of the program.  This element should include inspection and 
monitoring details, including method or technique (i.e., visual, volumetric, surface inspection), 
frequency, sample size, data collection, and timing of inspections to ensure timely detection of 
aging effects.  In general, the information in this element describes the “when,” “where,” and 
“how” of the AMP (i.e., the specific aspects of the activities to collect data as part of the 
inspection or monitoring activities). 

The reviewer should ensure that the applicant has provided sufficient details on the following 
aspects of the inspection or monitoring activities: 

• Method or technique:  Consistent with quality assurance requirements, the method 
should be demonstrated to be capable of evaluating the condition of the SSC against 
the acceptance criteria for the specific aging mechanism or effect being monitored or 
inspected (as defined in AMP Element 6).  For example, the applicant should provide 
a valid technical basis that a particular visual inspection method or instrument has 
sufficient resolution to identify a specific crack or defect dimension.  Inspections should 
utilize consensus codes and standards, as applicable. 

• Frequency:  The reviewer should ensure that the proposed intervals for inspection or 
monitoring are consistent with applicable site-specific, design-specific, or industrywide 
operating experience.  Inspections should have sufficient frequency to ensure that 
intended functions will be maintained until the next scheduled inspection. 

• Sample size and selection of SSCs for inspection:  For a limited sample size, the 
applicant should identify and justify the number of SSCs to be evaluated per inspection, 
including the extent of the inspection for each SSC (e.g., all accessible areas of 
five concrete overpacks in service), and criteria for selection of the specific SSCs for 
inspection based on parameters that may contribute to the operable aging mechanisms 
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and effects.  Consideration should also be given to event-driven fabrication or 
operational issues that may contribute to degradation when selecting SSCs for 
inspection (e.g., welding repairs, occurrence of natural or man-induced events, exposure 
to potentially corrosive environments before the storage term, duration of time between 
fabrication of an SSC and the start of the storage term).  The reviewer should ensure the 
applicant has justified using a limited sample size (e.g., one cask per pad) with a 
technical basis, which should include applicable site-specific, design-specific and 
industrywide operating experience.  The application should also define the areas that 
have been determined to be inaccessible or below-grade and propose how the condition 
of the inaccessible SSCs will be assessed.  The reviewer should ensure that the scope 
of each inspection is properly defined for both accessible and inaccessible (including 
below-grade) areas. 

• Data collection:  The application should reference any specific methods to be used for 
data acquisition and documentation, including any applicable consensus codes and 
standards.  For example, the application may reference field evaluation guides for 
evaluating and documenting cracks in concrete (e.g., ACI 224.1R, ACI 201.1R). 

• Timing of inspections:  If pre-application inspections were not performed for each of the 
sites covered by or using the subject license or CoC, the reviewer should ensure that 
AMPs include baseline inspections at each site upon entering the period of extended 
operation.  Baseline inspections, or the first inspections conducted within the AMPs, 
should assess the condition of SSCs to confirm the results of the pre-application 
inspections that were conducted at other sites or to verify the technical justification 
provided in the application when pre-application inspections were not performed.  The 
reviewer should also consider any specific information on the proposed inspection 
schedule (e.g., time of the year) to support the effective detection of aging effects before 
a loss of intended function. 

3.6.1.5  Monitoring and Trending 

Monitoring and trending should provide for an evaluation of the extent of the effects of aging 
and the need for timely corrective or mitigative actions.  This element describes how the data 
collected will be evaluated.  This includes an evaluation of the results against the acceptance 
criteria and an evaluation regarding the rate of degradation to ensure that the timing of the next 
scheduled inspection will occur before a loss of intended function.  For most cases, this element 
should have a baseline established before or at the beginning of the period of extended 
operation.  The reviewer should determine if a baseline inspection is necessary to establish the 
parameters to be monitored and the trending analysis and, if so, whether the proposed baseline 
inspection is adequate. 

Although the licensee may have the flexibility to inspect different SSCs or SSC subcomponents 
during subsequent inspections, the selection of different components for the inspections defined 
in the AMP relative to the components inspected in the baseline inspection may present issues 
for purposes of monitoring and trending.  If subcomponents from different systems will be 
inspected over the period of extended operation, the monitoring and trending element should 
address how a given operable degradation mode will be adequately trended. 
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3.6.1.6  Acceptance Criteria 

The acceptance criteria, against which the need for corrective action will be evaluated, should 
ensure that the SSC intended functions and the approved design bases are maintained during 
the period of extended operation.  The proposed acceptance criteria should be appropriately 
justified. 

The acceptance criteria could be specific numerical values or could consist of a discussion of 
the process for calculating specific numerical values of conditional acceptance criteria to ensure 
that the design bases are maintained.  The reviewer should ensure that the acceptance criteria: 

• Include a quantitative basis (justifiable by operating experience, engineering analysis, 
consensus codes/standards). 

• Avoid use of non-quantifiable phrases (e.g., significant, moderate, minor, little, slight, 
few; see Appendix A). 

• Are achievable and actionable. 

The acceptance criteria may be taken directly from the design bases information included in 
either the final safety analysis report (FSAR) or technical specifications.  The acceptance criteria 
also may be established by methods provided in NRC-approved topical reports or appropriate 
codes and standards. 

3.6.1.7  Corrective Actions 

Corrective actions are the measures to be taken when the acceptance criteria are not met.  
Timely corrective actions, including root cause determination and prevention of recurrence for 
significant conditions adverse to quality, are critical for maintaining the intended functions of the 
SSCs during the initial storage period as well as the period of extended operation. 

Corrective actions should be described in adequate detail or referenced to source documents.  
An applicant may reference the use of a Corrective Action Program (CAP) approved under 
10 CFR Part 50, Appendix B, “Quality Assurance Criteria for Nuclear Power Plants and Fuel 
Reprocessing Plants,” or 10 CFR Part 72, Subpart G, “Quality Assurance,” to capture and 
address aging effects identified in the period of extended operation.  At a minimum, all 
conditions that do not meet the AMP acceptance criteria should be entered into the CAP.  The 
QA Program ensures that corrective actions are completed within the specific or general 
licensee’s CAP and includes provisions (as applicable) to: 

• Perform functionality assessments. 

• Perform apparent cause evaluations and root cause evaluations. 

• Address the extent of condition. 

• Determine actions to prevent recurrence for significant conditions adverse to quality. 

• Justify non-repairs. 
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• Ensure corrective actions are adequately and effectively performed and do not have an 
adverse effect (aging-related or otherwise) on the subject component or other SSCs. 

• Trend conditions. 

The CAP should be able to respond to and adequately address any ISFSI or DSS aging issues.  
Also, the CAP’s response to addressing any ISFSI or DSS aging issues should include any 
specific corrective actions specified in the license or CoC renewal application. 

In some cases, the reviewer may determine the need for specific corrective actions, rather than 
referring only to the use of the CAP.  For example, when very limited information exists on the 
condition of an SSC or the applicability of an aging effect at the time of the application, the 
application should include specific follow-up activities when AMP acceptance criteria are not 
met.  Thus, the reviewer should review the corrective actions element with consideration of the 
safety-significance of the SSC and the ISFSI site-specific, DSS design-specific, and 
industrywide operating experience to ensure that the proposed corrective actions are 
adequate and effective. 

3.6.1.8  Confirmation Process 

This element of the program is intended to verify that preventive actions are adequate and 
that appropriate corrective actions have been completed and are effective.  The confirmation 
process is commensurate with the specific or general licensee QA Program approved under 
10 CFR Part 72, Subpart G, or 10 CFR Part 50, Appendix B.  The QA Program ensures that the 
confirmation process includes provisions to preclude repetition of significant conditions adverse 
to quality.  The reviewer should ensure the confirmation process describes or references 
procedures to: 

• determine follow-up actions to verify effective implementation of corrective actions 
• monitor for adverse trends due to recurring or repetitive findings or observations 

The reviewer should be aware that the effectiveness of prevention and mitigation programs 
should be verified periodically.  For example, in managing corrosion of carbon steel 
components, a mitigation program (coating) may be used to minimize susceptibility to corrosion.  
However, it also may be necessary to have a condition monitoring program (visual or other 
types of inspections) to verify that corrosion is being prevented or controlled to prevent a loss 
of intended function. 

3.6.1.9  Administrative Controls 

Administrative controls provide a formal review and approval process.  Thus, any aging 
management programs must be administratively controlled and included in the FSAR 
supplement.  The administrative controls are in accordance with the specific or general licensee 
QA Program approved under 10 CFR Part 72, Subpart G or 10 CFR Part 50, Appendix B, 
respectively.  The QA Program ensures that the administrative controls include provisions, 
such as those that define: 

• instrument calibration and maintenance 
• inspector requirements 
• record retention requirements 
• document control 
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3.6.1.10  Operating Experience 

The reviewer should verify that the operating experience element of the program supports a 
determination that the effects of aging will be adequately managed so that the SSC intended 
functions will be maintained during the period of extended operation.  Operating experience is 
useful in providing justification for the effectiveness of each AMP program element and critical 
feedback for enhancement.  The reviewer should verify that any degradation in the referenced 
operating experience has been clearly identified as either age-related or event-driven, with 
proper justification for that assessment. 

The reviewer should verify that the AMP references and evaluates applicable operating 
experience, including, but not necessarily limited to: 

• internal and industrywide condition reports 

• relevant international and non-nuclear operating experience 

• pre-application inspection results (see below) 

• licensee event reports 

• vendor-issued safety bulletins 

• NRC Generic Communications 

• updated consensus codes, standards, or guides 

• applicable industry-initiatives (e.g., Department of Energy or Electric Power Research 
Institute sponsored inspections) 

The reviewer should consider operating experience of existing programs, including past 
corrective actions resulting in program enhancements or additional programs.  A past failure 
would provide feedback from operating experience and should have resulted in appropriate 
program enhancements or new programs.  This information can demonstrate where an existing 
program has been implemented correctly and where it has shortcomings in detecting 
degradation in a timely manner.  This information should provide objective evidence to support 
or refute the conclusion that the effects of aging will be managed adequately so that the SSC 
intended functions will be maintained during the period of extended operation. 

Pre-Application Inspections 

Because inspections of DSSs and ISFSI SSCs are not typically conducted during the initial 
storage period, or are narrow in scope, the reviewer may have limited information regarding the 
extent and rate of operable degradation mechanisms for the specific design, environment, and 
operational parameters.  In this case, the reviewer should ensure that the scope, methods, 
frequencies and acceptance criteria for monitoring and inspection activities in the aging 
management programs are sufficiently conservative, such that a loss of SSC-intended functions 
does not occur during the period of extended operation.  Pre-application inspections are one 
means by which an applicant can provide operating experience to justify the specific information 
in the 10 elements of the proposed aging management programs.  In addition, pre-application 
inspections may provide data to support a TLAA or other analysis that justifies that an aging 
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effect will not challenge a SSC’s ability to perform its function(s) (see Section 3.5).  The staff 
considers the results of a pre-application inspection, in conjunction with other relevant operating 
experience in its review of the renewal application. 

Section 3.4.1.2 discusses the acceptable characteristics of a pre-application inspection, 
including the selection of bounding systems, the use of surrogate inspections, and ensuring 
that the inspection scope, methods, and acceptance criteria align with the guidance for the AMP 
elements described in Section 3.6.1 of this document.  Section 3.4.1.2 also discusses the use of 
baseline inspections in an AMP upon entering the period of extended operation to assess the 
condition of SSCs at sites that were not the subject of a pre-application inspection.  
Furthermore, when pre-application inspections are not performed, the reviewer should consider 
whether uncertainties in the degradation of SSCs warrant the addition of conditions to the 
license or CoC to require the baseline and other specific inspections to ensure the AMPs are 
adequate, including for all potential user sites in the case of a renewed CoC (see Section 1.4.7). 

Learning AMPs 

The reviewer should ensure that the application includes provisions to conduct future reviews of 
site-specific, design-specific, and industrywide operating experience, including relevant 
international and non-nuclear operating experience, to confirm the effectiveness of the AMPs 
or identify a need to enhance or modify an AMP.  The reviewer should verify that the applicant:  
(1) references a specific system to be used to obtain, aggregate, and enter site-specific, 
design-specific, and industrywide operating experience (e.g., Institute of Nuclear Power 
Operations database), and (2) has discussed how it intends to provide timely reporting of 
operating experience to this system. 

The commitment to future reviews should ensure that, as knowledge and data become available 
from new analyses, experiments, and operating experience, the licensees and CoC holders will 
revise the existing AMPs (or pertinent procedures for AMP implementation) as necessary to 
address any lessons learned identified during the review of operating experience. 

If an applicant follows this approach, the reviewer should ensure that the description of the 
periodic assessments includes specific performance criteria (e.g., program-specific performance 
indicators for each of the 10 AMP elements) and proposed actions based on the assessment 
findings.  The reviewer should also ensure that the timing of the assessments appropriately 
considers the rate of aging degradation and the anticipated availability of data from industry 
initiatives.  The reviewer should consider the frequency, acceptance criteria, and proposed 
corrective actions for these assessments for the requisite finding of reasonable assurance. 

Nuclear Energy Institute (NEI) 14-03, “Format, Content, and Implementation Guidance for Dry 
Cask Storage Operations-Based Aging Management,” Revision 1, provides a proposed 
framework for learning AMPs through the use of “tollgates.”  NEI 14-03 defines “tollgates” as 
periodic points within the period of extended operation when licensees would be required to 
evaluate aggregate feedback and perform and document a safety assessment that confirms 
the safe storage of spent fuel.  Tollgates are described as an additional set of in-service 
assessments beyond the normal continual assessment of operating experience, research, 
monitoring, and inspections on DSS component and ISFSI SSC performance that is part of 
normal ISFSI operations for licensees during the initial storage period as well as the period of 
extended operation.  The reviewer should be aware that an applicant may reference the use of 
“tollgates” in the renewal application.  The reviewer should (1) assess the applicant’s proposed 
periodic assessments of operating experience and other relevant data, and (2) make a 
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determination regarding the ability of these assessments to ensure the continued effectiveness 
of AMPs.  The reviewer should ensure that tollgates determined to be necessary to demonstrate 
the continued effectiveness of the AMPs are included in the application. 

NEI 14-03, Revision 1, also describes a framework for the aggregation and dissemination 
of operating experience across the industry through the use of an aging-related operating 
experience “clearinghouse,” titled the ISFSI Aging Management Institute of Nuclear Power 
Operations Database (ISFSI AMID).  Whether the applicant references the ISFSI AMID 
described in NEI 14-03 or proposes an alternative means to seek out operating experience, the 
reviewer should ensure that the application describes how industrywide operating experience 
and results of industry initiatives will be accessed, utilized, and assessed to ensure that AMPs 
are modified as appropriate. 

At the time of publication, the staff was continuing its review of NEI 14-03, Revision 1, for 
proposed NRC endorsement, as discussed in the Introduction. 

The NRC will inspect licensees’ implementation of AMPs in the period of extended operation, 
including any licensee actions taken as part of the “learning” aspect of AMPs.  The NRC will 
inspect licensees’ periodic assessments of AMP effectiveness and any adjustments licensees 
have made to AMPs to respond to operating experience and ensure AMPs are effective for 
addressing aging effects in the period of extended operation. 

3.6.2  Commencement of AMP(s) for CoC Renewals 

An AMP for a renewed CoC commences at the end of the initial storage period for each loaded 
DSS (see Appendix F for discussion of storage terms, including an explanation of when storage 
begins).  Activities in an AMP may start at different timeframes (e.g., an AMP can be 
implemented before the period of extended operation to capture baseline data and AMPs may 
have different frequencies of implementation).  Additional considerations for CoC renewals and 
general licensee implementation of AMPs are provided in Appendix E. 

3.6.3  Implementation of AMP(s) 

Generally, licensees should develop the infrastructure for AMP implementation (e.g., procure 
equipment or contracts, train personnel, or update, revise, or develop procedures for 
implementing AMP activities) before entering the period of extended operation.  However, 
this may not be possible when the initial storage term ends shortly after the license or CoC is 
renewed or if a license or CoC is in the period of timely renewal (Section 1.4.5).  In such cases, 
the development of the infrastructure for AMP implementation generally should be no later than 
one year from the date the NRC issues a renewed specific license or CoC.  The reviewer should 
ensure that the timing of implementation for each AMP is addressed in the application in a clear 
manner and is appropriately justified if it exceeds the above guidance.  Additional 
considerations for CoC renewals and general licensee implementation of AMPs are provided in 
Appendix E. 

3.6.4  Evaluation Findings 

The reviewer prepares the summary statement and evaluation finding based on compliance 
with the regulatory requirements in Section 3.3.  The summary statement and evaluation finding 
should be similar in wording to the following example (the finding number is for convenience in 
cross-referencing within the SRP and SER): 
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The NRC staff reviewed the aging management programs provided in the renewal application 
and supplemental documentation.  The NRC staff performed its review following the guidance 
provided in NUREG-1927, Revision 1, “Standard Review Plan for Renewal of Specific Licenses 
and Certificates of Compliance for Dry Storage of Spent Nuclear Fuel” and relevant ISGs.  
Based on its review, the NRC staff finds: 

F3.4 The applicant has identified programs that provide reasonable assurance that aging 
effects will be managed effectively during the period of extended operation, in accordance with 
10 CFR 72.42(a)(2) or 10 CFR 72.240(c)(3), as applicable. 
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5.  GLOSSARY 

Accident condition:  The extreme level of an event or condition, which has a specified 
resistance, limit of response, and requirement for a given level of continuing capability, which 
exceeds off-normal events or conditions.  Accident conditions include both design-basis 
accidents and conditions caused by natural and manmade phenomena. 

Aging effect:  The manifestation of an aging mechanism (e.g., cracking, loss of fracture 
toughness, loss of material). 

Aging management activity (AMA):  An application of either the aging management program 
(AMP) or time-limited aging analyses (TLAAs) to provide reasonable assurance that the 
intended functions of structures, systems, and components (SSCs) of independent spent fuel 
storage installations (ISFSIs) and dry storage systems (DSSs) are maintained during the period 
of extended operation. 

Aging management program (AMP):  A program for addressing aging effects that may include 
prevention, mitigation, condition monitoring, and performance monitoring.  See Title 10 of the 
Code of Federal Regulations (10 CFR) 72.3, “Definitions.” 

Aging management review (AMR):  An assessment conducted by the licensee or certificate of 
compliance (CoC) holder that addresses aging mechanisms and effects that could adversely 
affect the ability of SSCs from performing their intended functions during the period of 
extended operation. 

Aging mechanism:  The degradation process for a given material and environment which 
results in an aging effect (e.g., freeze-thaw degradation, neutron irradiation, erosion). 

Amendment of a license or CoC:  An application for amendment of a license or a CoC must be 
submitted whenever a holder of a specific license or CoC desires to amend the license or CoC 
(including a change to the license or CoC conditions).  The application must fully describe the 
changes desired and the reasons for such changes, and following as far as applicable the form 
prescribed for original applications.  See 10 CFR 72.56, “Application for Amendment of 
License,” and 10 CFR 72.244, “Application for Amendment of a Certificate of Compliance”. 

Baseline inspection:  The first inspection of an AMP to assess the condition of SSCs to either:  
(1) confirm that the results of pre-application inspections conducted at other sites are bounding 
of the subject site, or (2) verify the adequacy of the AMPs and the conclusions of the TLAAs 
when pre-application inspections were not performed. 

Burnup:  The measure of thermal power produced in a specific amount of nuclear fuel 
through fission, usually expressed in GWd/MTU (gigawatt days per metric ton uranium). 

Can for damaged fuel:  A metal enclosure that is sized to confine one damaged spent fuel 
assembly.  A fuel can for damaged spent fuel with damaged spent-fuel assembly contents 
must satisfy fuel-specific and system-related functions for undamaged spent nuclear fuel (SNF) 
required by the applicable regulations. 
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Canister (in a dry storage system for SNF):  A metal cylinder that is sealed at both ends and 
may be used to perform the function of confinement.  Typically, a separate overpack performs 
the radiological shielding and physical protection function.  See NUREG-1536, “Standard 
Review Plan for Spent Fuel Dry Storage Systems at a General License Facility.” 

Certificate of compliance (CoC) (for a dry storage system for SNF):  The certificate issued 
by the NRC that approves the design of a spent fuel storage cask in accordance with the 
provisions of 10 CFR Part 72, “Licensing Requirements for the Independent Storage of Spent 
Nuclear Fuel, High-Level Radioactive Waste, and Reactor-Related Greater than Class C 
Waste,” Subpart L, “Approval of Spent Fuel Storage Casks.”  See 10 CFR 72.3. 

Certificate of compliance holder (CoC holder):  A person who has been issued a CoC by the 
U.S. Nuclear Regulatory Commission (NRC) for a spent fuel storage cask design under 
10 CFR Part 72.  See 10 CFR 72.3. 

Certificate of compliance user (CoC user):  The general licensee that has loaded, or plans to 
load, a dry storage system (DSS) in accordance with a CoC issued under 10 CFR Part 72. 

Confinement (in a dry storage system for spent nuclear fuel):  The ability to limit or prevent 
the release of radioactive substances into the environment. 

Confinement systems:  Those systems, including ventilation, that act as barriers between 
areas containing radioactive substances and the environment.  See 10 CFR 72.3. 

Controlled area:  The area immediately surrounding an ISFSI for which the licensee exercises 
authority over its use and within which it performs ISFSI operations.  See 10 CFR 72.3. 

Criticality:  The condition wherein a system or medium is capable of sustaining a nuclear 
chain reaction. 

Degradation:  Any change in the properties of a material that adversely affects the performance 
of that material; adverse alteration.  See NUREG-1536. 

Design bases:4  Information that identifies the specific function(s) to be performed by SSCs 
(both important-to-safety and not important-to-safety) of a facility or of a spent fuel storage cask 
and the specific values or ranges of values chosen for controlling parameters as reference 
bounds for design.  These values may be (1) restraints, derived from generally accepted 
“state-of-the-art” practices for achieving functional goals, or (2) requirements, derived from 
analysis (based on calculation, experiments, or both) of the effects of a postulated event under 
which SSCs must meet their functional goals.  See 10 CFR 72.3. 

Dry storage:  The storage of spent nuclear fuel in a DSS, which typically involves drying the 
DSS cavity and backfilling with an inert gas. 

                                                
4 The NRC has removed references to either “current licensing basis” (CLB) or “licensing basis”, and replaced 

them with “design bases” in this guidance revision.  Neither “current licensing basis” nor “licensing basis” is 
defined in 10 CFR Part 72.  In addition, in the Statement of Considerations for the 2011 Part 72 rulemaking 
change (NRC, 2011), the NRC stated “The NRC does not believe that it is appropriate for the CLB to be 
applied to cask CoC renewals, which are generic.” 
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Dry storage system (DSS):  A system that typically uses a cask or canister in an overpack as a 
component in which to store spent nuclear fuel in a dry environment.  A DSS provides 
confinement, radiological shielding, sub-criticality control, structural support, and passive 
cooling of its spent nuclear fuel during normal, off-normal, and accident conditions. 

General license:  Authorizes the storage of spent fuel in an ISFSI at power reactor sites to 
persons (i.e., general licensee) authorized to possess or operate nuclear power reactors under 
10 CFR Part 50 (“Domestic Licensing of Production and Utilization Facilities”) or Part 52 
(“Licenses, Certifications, and Approvals for Nuclear Power Plants”).  The general license is 
limited to (1) that spent fuel which the general licensee is authorized to possess at the site 
under the specific Part 50 or Part 52 license for the site, and (2) storage of spent fuel in casks 
approved under the provisions of 10 CFR Part 72, Subpart L.  See 10 CFR 72.210 (“General 
License Issued”) and 72.212(a)(1)–(2). 

High burnup (HBU) fuel:  Spent nuclear fuel with burnups generally exceeding 45 GWd/MTU. 

Horizontal storage module:  A reinforced, heavy-walled concrete structure designed to store dry 
spent fuel canisters in a horizontal position at an independent spent fuel storage installation.  
The horizontal storage module provides physical protection of canisters and radiological 
shielding, while allowing passive cooling. 

Important to safety (ITS):  See structures, systems, and components (SSCs) important to safety. 

Independent spent fuel storage installation (ISFSI):  A complex designed and constructed for 
the interim storage of spent nuclear fuel, solid reactor-related greater-than-Class-C (GTCC) 
waste, and other radioactive materials associated with spent fuel and reactor-related GTCC 
waste storage.  See 10 CFR 72.3. 

Inspection:  The examination of an SSC, using a nondestructive testing technique, to determine 
its current condition and if there is any damage, defect, or degradation that could have an 
adverse effect on the function of that SSC. 

Intended function:  A design-bases function defined as either (1) important to safety or (2) failure 
of which could impact a safety function. 

Interim staff guidance (ISG):  Supplemental information that clarifies important aspects of 
regulatory requirements.  An ISG provides review guidance to NRC staff in a timely manner until 
standard review plans are revised accordingly.  See NUREG-1536. 

Monitored retrievable storage installation (MRS):  A complex designed, constructed, and 
operated by the U.S. Department of Energy for the receipt, transfer, handling, packaging, 
possession, safeguarding, and storage of spent nuclear fuel aged for at least 1 year, solidified 
high-level radioactive waste resulting from civilian nuclear activities, and solid reactor-related 
GTCC waste, pending shipment to a HLW repository or other disposal.  See 10 CFR 72.3. 
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Monitoring:  Data collection (from activities performed in either the initial storage period or the 
period of extended operation) to determine the status of a DSS, ISFSI, or both, and to verify the 
continued efficacy of the system, on the basis of measurements of specified parameters, 
including temperature, direct radiation, radioactive effluents, functionality, and characteristics 
of components of the system.  Monitoring could thus be described as those activities that 
periodically or continuously monitor performance as an indirect indicator of degradation 
(e.g., monitoring groundwater chemistry) or monitor the effectiveness of preventive measures.  
With respect to direct radiation and radioactive effluents, according to 10 CFR 20.1003, 
“Definitions,” monitoring means the measurement of radiation levels, concentrations, surface 
area concentrations or quantities of radioactive material, and the use of the results of these 
measurements to evaluate potential exposures and doses.  See NUREG-1536. 

Normal events or conditions:  The maximum level of an event or condition expected to routinely 
occur.  Events and conditions that exceed the levels associated with “normal” are considered to 
be, and to have the response allowed for, “off-normal” or “accident-level” events and conditions.  
See NUREG-1567, “Standard Review Plan for Spent Fuel Dry Storage Facilities.” 

Off-normal events or conditions:  The maximum level of an event or condition that, although not 
occurring regularly, can be expected to occur with moderate frequency (once per calendar year) 
and for which there is a corresponding maximum specified resistance, specified limit of 
response, or requirement for a specified level of continuing capability.  Off-normal is considered 
to include “anticipated occurrences” as used in 10 CFR Part 72.  See NUREG-1536. 

Overpack:  A heavy-walled concrete, metal, or combined concrete and metal structure designed 
to store spent fuel canisters at an ISFSI.  The overpack provides physical protection of canisters 
and radiological shielding, while allowing passive cooling. 

Pre-application inspection:  An inspection performed at the discretion of the licensee or CoC 
holder before submittal of the renewal application to provide operating experience to support 
the aging management review, proposed AMP activities, or evaluation of TLAAs. 

Radiation shielding:  ISFSI and DSS SSCs that are designed so that dry storage operations 
at an ISFSI meet the requirements of 10 CFR 72.126(a)(6) and 10 CFR 72.128(a)(2) and the 
requirements of 10 CFR 72.104(a) and 10 CFR 72.106(b), when both direct radiation and 
radioactive effluents are considered. 

Renewal of a license or CoC:  A certificate holder may apply for renewal of the design of a spent 
fuel storage cask for a term not to exceed 40 years.  In the event that the certificate holder does 
not apply for a cask design renewal, any licensee using a spent fuel storage cask, a 
representative of the licensee, or another certificate holder may apply for a renewal of that 
cask design for a term not to exceed 40 years.  See 10 CFR 72.240, “Conditions for Spent 
Fuel Storage Cask Renewal.”  Specific licenses may be renewed by the Commission at the 
expiration of the license term upon application by the licensee for a period not to exceed 
40 years.  See 10 CFR 72.42, “Duration of License; Renewal.” 

Retrievability:  Storage systems must be designed to allow ready retrieval of spent fuel, 
high-level radioactive waste, and reactor-related GTCC waste for further processing or disposal.  
See 10 CFR 72.122(l).  ISG-2 provides guidance on the fuel retrievability, including ready 
retrieval. 
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Safety analysis report (SAR):  The document that a CoC holder, specific licensee, an applicant 
for a CoC, or an applicant for a specific license supplies to the NRC for evaluation.  For 
specific-license renewals, the SAR must contain information required in 10 CFR 72.24, 
“Contents of Application; Technical Information.”  For CoC renewals, the SAR must meet the 
requirements of 10 CFR 72.240(b).  The SAR provides references and drawings of the DSS, 
ISFSI, or both; details of construction; materials; and standards to which the SSC has been 
designed or fabricated.  For clarification, SAR is a general term; while FSAR indicates the 
document that is submitted within 90 days after the issuance of the license or CoC that is based 
on the SAR in the license or CoC application and reflects any changes or applicant 
commitments developed during the license or CoC approval and/or hearing process.  Both 
FSAR and updated final safety analysis report (UFSAR) are terms that are used to indicate the 
FSAR update that is required every 2 years.  A specific licensee or CoC holder shall update the 
FSAR in accordance with 10 CFR 72.70 (“Safety Analysis Report Updating”) or 10 CFR 72.248, 
(“Safety Analysis Report Updating”) respectively. 

Safety evaluation report (SER):  The document that the NRC publishes at the completion of a 
licensing or certification review.  The SER contains all of the NRC staff findings and conclusions 
from the licensing or certification review. 

Safety function:  A function defined as ITS.  The ITS functions that structures, systems, and 
components are designed to maintain include: 

• structural integrity 
• content temperature control (i.e., heat-removal capability) 
• radiation shielding 
• confinement 
• sub-criticality control 
• retrievability 

See NUREG-1536. 

Service conditions:  Conditions (e.g., time of service, temperatures, environmental 
conditions, radiation, and loading) that a component experiences during storage. 

Specific license:  A license for the receipt, handling, storage, and transfer of spent fuel, 
high-level radioactive waste, or reactor-related GTCC waste that is issued to a named person 
(i.e., specific licensee) on an application filed under regulations in 10 CFR Part 72, Subpart B, 
“License Application, Form, and Contents.” 

Spent fuel storage cask or cask:  All the components and systems associated with the container 
in which spent fuel, or other radioactive materials associated with spent fuel, is stored at an 
ISFSI.  See 10 CFR 72.3. 

Spent nuclear fuel or spent fuel:  Nuclear fuel that has been withdrawn from a nuclear reactor 
after irradiation, has undergone at least a 1-year decay process since being used as a source of 
energy in a power reactor, and has not been chemically separated into its constituent elements 
by reprocessing.  Spent fuel includes the special nuclear material, byproduct material, source 
material, and other radioactive materials associated with fuel assemblies.  See 10 CFR 72.3. 
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Structures, systems, and components (SSCs) important to safety:  See 10 CFR 72.3.  Those 
features of the ISFSI and spent fuel storage cask whose functions are at least one of the 
following: 

• to maintain the conditions required to safely store spent fuel, high-level radioactive 
waste, or reactor-related GTCC waste 

• to prevent damage to the spent fuel, the high-level radioactive waste, or reactor-related 
GTCC waste container during handling and storage 

• to provide reasonable assurance that spent fuel, high-level radioactive waste, or 
reactor-related GTCC waste can be received, handled, packaged, stored, and retrieved 
without undue risk to the health and safety of the public 

Time-limited aging analysis (TLAA):  See 10 CFR 72.3.  A licensee or CoC holder calculation or 
analysis that has all of the following attributes: 

• involves SSCs important to safety within the scope of license or CoC renewal 

• considers the effects of aging 

• involves time-limited assumptions defined by the current operating term, for example, 
40 years 

• was determined to be relevant by the licensee or CoC holder in making a 
safety determination 

• involves conclusions or provides the basis for conclusions related to the capability of the 
SSCs to perform their intended safety functions 

• is contained or incorporated by reference in the design bases 

Transfer cask:  A shielded SSC used to transfer the fuel canister between the spent fuel 
handling area and the overpack or storage module. 
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Appendix A 
 

Non-Quantifiable Terms 

It is preferred that renewal applications use quantifiable terms and quantitative information, 
where it exists.  However, the following non-quantifiable terms, as well as others, may appear 
in the renewal application, safety analysis report (SAR), and updates to final SARs: 

• large 
• small 
• slight 
• slightly 
• significant 
• significance 
• moderate 
• moderately 
• low  
• minor 
• many 
• few 
• little 
• routine 
• some 
• major 
• undetectable 
• visible 
• measurable 
• unchanged 
• changed 
• no loss of 

Table A-1 may be used as guidance for the terms listed above, for additional consideration, or 
to provide quantitative measures or information. 
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Table A-1.  Screening Criteria for Non-Quantifiable Terms 

 Terms Actions 

 

Sc
re

en
ed

 In
 

 
The term requires additional consideration if it is 
used for one of the following: 
 
• characterizing an aging effect 

(e.g., degradation, cracking, fatigue, corrosion, 
loss of material, change in material properties) 

• providing important information about the 
operations, functions, or other characteristics 
of an in-scope SSC 

• describing dose, environmental impact, or 
other hazard, such as combustible material 
or dust 

 
If the term screens in, one of 
the following must be provided: 
 
• quantitative information, if it 

is available 
• additional descriptions 
• definition of the meaning 

of the term 
(e.g., “insignificant” means 
the function of the SSC is 
not impaired) 

 

Sc
re

en
ed

 O
ut

 

 
The term is considered immaterial to the SAR and 
ISFSI/DSS UFSAR for one of the following 
reasons: 
 
• The term is included in the title of 

reference document. 
• The term is included in a quote. 
• The term is explained by adjacent 

quantitative information (e.g., small:  
less than 20 percent). 

• Use of the term is NOT related to any of 
the following: 

 –  in-scope SSCs per AMR results 
 –  aging effect 
 –  dose, environment impact, or other hazard 
 (e.g., combustible material) 
• Use of the term does not provide important 

information.  It is merely descriptive and the 
meaning of the statement is not changed if 
the term is deleted (e.g., the word “small” 
could be deleted from the following statement 
without altering the meaning:  “Water in the 
grapple ring is drained through a small hole”). 

No action 
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Appendix B 
 

Examples of Aging Management Programs 

Appendix B contains example aging management programs (AMPs) for: 

• localized corrosion and stress corrosion cracking of welded stainless steel dry storage 
canisters (Table B-1) 

• reinforced concrete structures (Table B-2) 

• high burnup (HBU) fuel monitoring and assessment program (Table B-3) 

This appendix provides examples of acceptable AMPs for staff reference during review 
of renewal applications.  
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Example AMP for Localized Corrosion and Stress Corrosion Cracking of Welded 
Stainless Steel Dry Storage Canisters 

 
Welded stainless steel canisters are used in the majority of the dry storage systems in the 
United States for spent nuclear fuel from commercial power reactors at both specific-licensed 
and general-licensed independent spent fuel storage installations (ISFSIs).  The welded 
stainless steel canisters are the primary confinement boundary during storage.  Although there 
are no known operational occurrences of aging or localized corrosion of welded stainless steel 
canisters, operating experience with nuclear reactors that were located close to an open ocean 
or bay has shown that pitting corrosion, crevice corrosion, and chloride-induced stress corrosion 
cracking (CISCC) can occur in welded stainless steel components as a result of atmospheric 
deposition and deliquescence of chloride-containing salts.  Laboratory and natural exposure 
tests suggest that CISCC can occur with sufficient surface chloride concentrations and that, with 
those concentrations of chloride, crack propagation rates can be of engineering significance for 
welded stainless steel canisters during the period of extended operation. 
 
Based on reactor operating experience as well as laboratory and field testing, localized 
corrosion and CISCC are potential aging mechanisms for welded stainless steel canisters.  
Environments where chloride-containing salts may be deposited on welded stainless steel 
canisters include coastal locations near salt water and locations that are close to cooling towers 
or roads that are salted.  ASME Section XI has formed a Task Group to develop a code case to 
establish the requirements for inservice inspection and acceptance criteria for dry storage 
system canisters.  However, the development of a consensus based code case for inservice 
inspection of dry storage system canisters may take several years to complete.  To address 
potential aging effects as a result of localized corrosion cracking and stress corrosion cracking 
in the absence of an acceptable code case, the U.S. Nuclear Regulatory Commission (NRC) 
has provided an example AMP for welded stainless steel canisters used in dry storage systems 
that relies on guidance from consensus codes and standards for inservice inspection of nuclear 
power plant components.  Elements of an NRC staff developed example AMP are provided in 
Table B-1. 
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Table B-1.  Example AMP for Localized Corrosion and Stress Corrosion Cracking of  
 Welded Stainless Steel Dry Storage Canisters 

Element Description 

1. Scope of Program Inspection of welded stainless steel dry storage canister confinement 
boundary external surfaces for atmospheric deposits, localized corrosion, 
and stress corrosion cracking. 
 
Examinations should be focused on areas with the following attributes: 
• canister fabrication welds and weld heat affected zones 
• closure welds and weld heat affected zones 
• areas of the canister to which temporary supports or attachments were 

attached by welding and subsequently removed 
• locations where a crevice is formed on the canister surface 
• horizontal (±30°) surfaces where deposit accumulation may accumulate 

at a faster rate compared to vertical surfaces 
• canister surfaces that are cold relative to the average surface 

temperature 
• canister surfaces with higher amounts of atmospheric deposits 

 
Effort should be made to identify and prioritize examinations of areas on 
canisters that have two or more of the above attributes (e.g., canister 
surface that is cold relative to average surface temperature and also has a 
weld/weld heat affected zone). 

2. Preventive Actions None, AMP is for condition monitoring.  However, dry storage system 
canister designs may include preventative actions, such as fabrication 
procedures and surface modification methods to impart compressive 
residual stresses on the canister welds and weld heat affected zones to 
reduce the potential for stress corrosion cracking.  Preventative actions may 
also include the use of dry storage system canister confinement boundary 
materials that are resistant to localized corrosion and stress corrosion 
cracking.  For such cases the preventative actions described should be 
supported with an analysis and data demonstrating the preventative actions 
are effective. 

3. Parameters 
Monitored or 
Inspected 

Parameters monitored/inspected should include: 
• visual evidence of discontinuities and imperfections, such as localized 

corrosion, including pitting corrosion, crevice corrosion and stress 
corrosion cracking of the canister welds and weld heat affected zones 

• size and location of localized corrosion and stress corrosion cracks 
• appearance and location of deposits on the canister surfaces 
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Element Description 

4. Detection of 
Aging Effects 

Visual examination of deposits on the canister surfaces and to identify 
corrosion products that may be indicators of localized corrosion and stress 
corrosion cracking in the welds and weld heat affected zones.  Visual 
examination instrumentation with demonstrated sizing and depth 
measurement capability may be useful in the determination of the size and 
depth of pits open to the surface.  Visual examination may also detect the 
presence of cracks originating from pits.  However, the ability to detect 
cracks on clean metal surfaces using visual examination methods is 
dependent on several factors and can be difficult for tight crack opening 
displacements (Cumblidge et al., 2004; 2007).  The presence of significant 
corrosion product accumulation may also interfere with the identification of 
stress corrosion cracks using visual examination methods. 
 
Volumetric examination is necessary to characterize stress corrosion 
cracking.  Volumetric examination of pits and areas immediately adjacent to 
pits is necessary when pits are within 25 mm (1 inch) of a through thickness 
weld or within 25 mm (1 inch) of an area where an temporary attachment 
was known to be located. 
 
Visual Examination 
 
Pitting and crevice corrosion that is open to the surface can potentially be 
detected by visual testing (ASME Section V, Table A-110).  Because of the 
high neutron and gamma radiation fields near the surface of the stainless 
steel dry storage canisters, direct visual examination is not possible.  
Procedures for remote visual examination should be performance 
demonstrated; procedure attributes including equipment resolution, lighting 
requirements, etc., should reference applicable standards, such as ASME 
Section XI, Article IWA-2200 for VT-1 and VT-3 examinations (ASME, 2007) 
and BWRVIP-03 (Selby 2005) for EVT-1 examinations. 
 
Volumetric Examination 
 
Additional assessment is necessary for suspected areas of localized 
corrosion or stress corrosion cracking.  In these cases, the severity of 
degradation must be assessed including the dimensions of the affected area 
and the depth of penetration with respect to the thickness of the canister.  
For accessible areas where adequate cleaning can be performed, remote 
visual examination meeting the requirements for VT-1 Examination 
(ASME Section XI, IWA-2211) may be used to determine the type of 
degradation present (e.g., pitting corrosion or stress corrosion cracking) and 
the location of degradation.  Examinations to characterize the extent and 
severity of localized corrosion or stress corrosion cracking should be 
conducted using surface or volumetric examination methods consistent 
with the requirements of ASME Section XI, IWB-2500 for category B-J 
components (ASME, 2007). 
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Element Description 

4. Detection of Aging 
Effects (cont’d) 

Sample Size 
 
For sites where inspections are necessary, a minimum of one canister at 
each site.  Preference should be given to the canisters with the greatest 
susceptibility for localized corrosion or SCC.  Factors to be considered 
include older and colder canisters with the greatest potential for the 
accumulation and deliquescence of deposited salts that may promote 
localized corrosion and stress corrosion cracking, types of systems used 
at site, canister location with respect to potential sources of atmospheric 
deposits, system design, and operating experience.  Industry guidance 
on evaluating susceptibility has been published by EPRI (Fuhr et al., 2015). 
 
Justification for not conducting inspections for localized corrosion or stress 
corrosion cracking should be provided on a case-by-case basis for each 
ISFSI site where welded stainless steel canisters are in use.  Acceptable 
justification may be based on a comparison of susceptibility for the ISFSI 
location versus at least two other ISFSI sites determined to have greater 
susceptibility but showed no evidence of localized corrosion or stress 
corrosion cracking in inspections completed within 5 years of the time of the 
assessment.  The justification must consider the full range of available ISFSI 
susceptibility assessments and welded stainless steel canister examination 
results. 
 
Data Collection 
 
Canister Examination:  Documentation of the examination of the canister, 
location, and appearance of deposits.  Assessment of the suspect areas 
where corrosion products were observed as described in corrective actions. 
 
Bounding Analysis:  A complete listing of other sites considered, 
susceptibility assessments for those sites and results of examinations 
conducted at those sites.  Justification for not including other sites where 
examinations showed evidence of localized corrosion and/or stress 
corrosion cracking. 
 
Frequency 
 
Once every 5 years 
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Element Description 

4. Detection of Aging 
Effects (cont’d) 

Timing of Inspections 
 
The timing of the inspections includes the pre-application inspection or 
general-licensee baseline inspection, performed per Sections 3.4.1.2 and 
3.6.1.10 of this NUREG, and at the frequency specified by the AMP. 
 
Alternative detection methods or techniques may be provided.  For 
these cases: 
• The method or technique should be adequate and proven to be capable 

of evaluating the condition of the external surface of the canister against 
the acceptance criteria for the detection of localized corrosion and stress 
corrosion cracking. 

• The proposed intervals for inspection or monitoring are consistent 
with applicable site-specific, design-specific, or industrywide operating 
experience and should have sufficient frequency to ensure that the 
confinement function will be maintained until the next scheduled 
inspection. 

• The data collection methods should be sufficient for evaluating localized 
corrosion and stress corrosion cracking and should reference specific 
methods to be used for data acquisition including any applicable 
consensus codes and standards. 

5. Monitoring and 
Trending 

Monitoring and trending methods are in accordance with ASME Section XI 
evaluation criteria. 
 
Monitoring and trending methods reference plans/procedures used to: 
• Establish a baseline before or at the beginning of the period of extended 

operation. 
• Track trending of parameters or effects not corrected following a 

previous inspection, including: 
– the locations and size of any areas of localized corrosion or the 

stress corrosion cracking 
– the disposition of canisters with identified aging effects and the 

results of supplemental canister inspections 
 
Monitoring and trending should also include: 
• documentation of the appearance of the canister, particularly at 

welds and in crevice locations, with images and video that will allow 
comparison in subsequent examinations 

• changes to the size and number of any rust colored stains as a result of 
iron contamination of the surface in subsequent inspections 
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6. Acceptance Criteria No indications of localized corrosion pits, etching, crevice corrosion, stress 
corrosion cracking, red-orange colored corrosion products emanating from 
crevice locations, or red-orange colored corrosion products in the vicinity of 
canister fabrication welds, closure welds, and welds associated with 
temporary attachments during canister fabrication. 

Confirmed or suspected areas of crevice corrosion, pitting corrosion and 
stress corrosion cracking must be assessed in accordance with acceptance 
standards identified in ASME Section XI, IWB-3514.  Flaws exceeding the 
acceptance standards in IWB-3514.1 must be evaluated using the 
acceptance criteria identified in IWB-3640. 
 
Indications Requiring Additional Evaluation 
 
Although shop and handling procedures include controls to prevent iron 
contamination of the stainless steel surfaces, contamination does occur and 
is usually identified by rust-colored surface deposits.  Iron contamination can 
exacerbate CISCC in stainless steels.  In accessible locations, removal of 
the deposits and rust stains that reveal undamaged welds (i.e., absence of 
pits, crack, localized attack, or etching) and the original machining/grinding 
marks on the stainless steel base metal, including weld heat affected zones, 
may be used to confirm that localized corrosion or stress corrosion cracking 
have not been initiated. 
 
Indications of interest that are subject to additional examination and 
disposition include: 
• localized corrosion pits, crevice corrosion, stress corrosion cracking, 

and etching (note that these indications may be covered by obstructions 
(i.e., crevices)); deposits; or corrosion products 

• discrete red-orange colored corrosion products that are 1 mm in 
diameter or larger especially those adjacent to fabrication welds, closure 
welds, locations where temporary attachments may have been welded 
to and subsequently removed from the stainless steel dry storage 
canister, and the weld heat affected zones of these areas 

• linear appearance of any color of corrosion products of any size parallel 
to or traversing fabrication welds, closure welds, locations where 
temporary attachments may have been welded to and subsequently 
removed from the stainless steel dry storage canister, and the weld heat 
affected zones of these areas 

• red-orange colored corrosion products greater than 1 mm in diameter 
combined with deposit accumulations in any location of the stainless 
steel canister 

• red-orange colored corrosion tubercles of any size 
• red-orange corrosion products present at the mouth of a crevice that 

includes a portion of the canister surface 
 

Alternative acceptance criteria may be provided.  For such cases, the 
acceptance criteria should: 
• Include a quantitative basis (justifiable by operating experience, 

engineering analysis, consensus codes/standards). 
• Avoid use of non-quantifiable phrases (e.g., significant, moderate, minor, 

little, slight, few). 
• Be achievable and clearly actionable. 
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Element Description 

7. Corrective Actions The corrective actions are in accordance with the specific or general 
licensee Quality Assurance (QA) Program approved under 10 CFR Part 72, 
Subpart G, or 10 CFR Part 50, Appendix B.  The QA Program ensures that 
corrective actions are completed within the specific or general licensee’s 
Corrective Action Program (CAP), and include provisions to: 
• Perform functionality assessments. 
• Perform apparent cause evaluations, and root cause evaluations. 
• Address the extent of condition. 
• Determine actions to prevent recurrence for significant conditions 

adverse to quality; ensure justifications for non-repairs. 
• Trend conditions. 
• Identify operating experience actions, including modification to the 

existing AMP (e.g., increased frequency). 
• Determine if the condition is reportable per 10 CFR 72.75. 
 
Example provisions are provided below, for assessment of extent of 
condition and evaluation criteria for canisters with aging effects, following 
from the example acceptance criteria.  Alternative corrective actions to those 
provided below may be appropriate, per the licensees CAP evaluation to 
determine appropriate corrective actions to be taken if AMP acceptance 
criteria are not met.   
 
Extent of Condition 
 
Confirmation of localized corrosion or stress corrosion cracking may warrant 
inspection of additional canisters at the same ISFSI location to determine 
the extent of condition.  Priority for additional inspections should be to 
canisters with similar time in service and initial loading.  Canisters with 
confirmed localized corrosion or stress corrosion cracking must be evaluated 
for continued service.  Canisters with localized corrosion or stress corrosion 
cracking that do not meet the prescribed evaluation criteria must be repaired 
or replaced. 
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Element Description 

7. Corrective Actions 
(cont’d) 

Evaluation Criteria for Canisters with Aging Effects 
 
For austenitic stainless steel canisters covered by an AMP that utilizes the 
inspection and acceptance criteria in ASME B&PV code Section XI for 
Class 1 piping system, the disposition of canisters should be commensurate 
with in-service inspection results: 
• Canisters with no evidence of corrosion are permitted to remain 

in service and will continue to be evaluated at 5-year intervals. 
• Canisters with rust deposits that are determined to be a result of iron 

contamination but do not have evidence of localized corrosion or stress 
corrosion cracking are permitted to remain in service and will continue to 
be evaluated at 5-year intervals. 

• Canisters that show evidence of localized corrosion or stress corrosion 
cracking that does not exceed the acceptance standards in IWB-3514.1 
are permitted to remain in service and will be evaluated at 5-year 
intervals.  Sample size should be increased to assess canisters with 
similar susceptibility assessments. 

• Canisters that show evidence of localized corrosion or stress corrosion 
cracking that exceeds the acceptance standards in IWB-3514.1 but 
meet the acceptance criteria identified in IWB-3640 including the 
required evaluation per IWB-3641(a) using the prescribed evaluation 
procedures, are permitted to remain in service and should be evaluated 
at 3-year intervals.  Sample size should be increased to assess 
canisters with similar susceptibility assessments. 

• Canisters that show evidence of localized corrosion or stress corrosion 
cracking that exceeds acceptance criteria identified in IWB-3640 are not 
permitted to remain in service without an engineering analysis and/or 
mitigation actions.  Sample size should be increased to assess canisters 
with similar susceptibility assessments. 

8. Confirmation 
Process 

The confirmation process will be commensurate with the specific or general 
licensee Quality Assurance (QA) Program approved under 10 CFR Part 72, 
Subpart G or 10 CFR Part 50, Appendix B.  The QA Program ensures that 
the confirmation process includes provisions to preclude repetition of 
significant conditions adverse to quality. 
 
The confirmation process describes or references procedures to: 
• Determine follow-up actions to verify effective implementation 

of corrective actions. 
• Monitor for adverse trends due to recurring or repetitive findings 

or observations. 
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Element Description 

9. Administrative 
Controls 

The administrative controls are in accordance with the specific- or 
general-licensee QA Program approved under 10 CFR Part 72, Subpart G, 
or 10 CFR Part 50, Appendix B, respectively.  The QA Program ensures that 
administrative controls include provisions that define: 
• instrument calibration and maintenance 
• inspector requirements 
• record retention requirements 
• document control 
 
The administrative controls describe or reference: 
• methods for reporting results to the NRC per 10 CFR 72.75 
• frequency for updating AMP based on site-specific, design-specific, 

and industrywide operating experience 
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Element Description 

10. Operating 
Experience 

The AMP references and evaluates applicable operating experience, both 
before renewal and will continue to do so as new operating experience is 
developed and made available after renewal, including: 
• internal and industrywide condition reports 
• internal and industrywide corrective action reports 
• vendor-issued safety bulletins 
• NRC Generic Communications 
• applicable DOE or industry initiatives (e.g., EPRI- or DOE-sponsored 

inspections) 

The AMP clearly identifies any degradation in the referenced operating 
experience as either age-related or event-driven, with proper justification for 
that assessment.  Past operating experience supports the adequacy of the 
proposed AMP, including the method/technique, acceptance criteria, and 
frequency of inspection. 

The AMP references the methods for capturing operating experience from 
other ISFSIs with similar in-scope SSCs. 
 
CISCC of austenitic stainless steels is a known degradation mechanism 
for aqueous environments; however, operating experience in aqueous 
environments is not directly applicable in assessing the potential for 
atmospheric CISCC for austenitic stainless steel dry storage canisters.  
Atmospheric CISCC of austenitic stainless steels has been reported in a 
range of industries including welded stainless steel components and piping 
in operating nuclear power plants. 
 
Spent Fuel Storage 
 
Inspections of dry storage canisters after 20 years in service have been 
conducted at a few independent spent fuel installation (ISFSI) sites.  Details 
of the inspection conducted at the Calvert Cliffs nuclear power plant ISFSI 
are documented in a recent EPRI report (Waldrop et al., 2014; Bryan and 
Enos, 2015).  No evidence of localized corrosion was identified but some 
amount of chloride-containing salts were determined to be present and 
corrosion products believed to be related to iron contamination were 
identified. 
 
Operating Power Reactors 
 
NRC Information Notice 2012-20 (NRC, 2012) documents previous cases 
of atmospheric CISCC of welded stainless steel piping systems and tanks at 
operating reactor locations.  Atmospheric CISCC growth rates determined 
from operating experience at both domestic and foreign nuclear power 
plants including events at San Onofre, Turkey Point, St. Lucie, and Koeberg 
(South Africa) range from 3.6 × 10-12 m/s to 2.9 × 10-11 m/s for components 
at ambient temperatures. 
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Element Description 

10. Operating 
Experience (cont’d) 

Relevant Literature and Testing 
 
Electric Power Research Institute (EPRI) has recently conducted a literature 
review of CISCC which summarizes the results of many previous laboratory 
investigations (Gorman et al., 2014). 
 
The NRC has recently published the results of a completed investigation of 
CISCC testing of type 304, 304L and 316L stainless steel and welds (He, 
et al., 2014).  This study indicates that SCC was initiated at stresses just 
above the yield strength in tests conducted using 304 stainless steel C-ring 
specimens.  Testing with U-bend specimens showed that CISCC was 
observed with the lowest simulated sea salt concentrations tested (100 mg 
salt/m2 or ~55 mg chloride/m2) at temperatures of 52°C (125.6°F) using a 
maximum absolute humidity of 30 g/m3, which is generally accepted as 
being near the maximum absolute humidity in a natural environment. 
 
Both laboratory and field investigations have been conducted by Central 
Research Institute of Electric Power Industry (CRIEPI) and Tokyo Electric 
Power Company (TEPCO).  This includes the early work by Tokiwai et al. 
(1985) who reported the critical surface chloride concentrations of 8 mg/m2 

for CISCC on sensitized Type 304 stainless steel.  Kosaka (2008) reported 
crack growth rates of 9.6 × 10-12 m/s obtained in natural exposure tests on 
Miyakojima Island with Type 304 base metals and welds, Type 304L welds 
and Type 316LN welds.  Hayashibara, et al. (2008) reported activation 
energy for crack growth in Type 304 stainless steel of 5.6 to 9.4 kcal/mol (23 
to 39 kJ/mol) based on testing conducted at temperatures of 50 to 80°C (122 
to 176°F). 
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Element Description 
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Element Description 
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Example AMP for Reinforced Concrete Structures 
 

An example aging management program (AMP) for reinforced concrete structures is provided 
below.  The AMP consists of condition monitoring, performance monitoring, mitigation and 
prevention activities.  The program includes periodic visual inspections by personnel qualified 
to monitor reinforced concrete for applicable aging effects, such as those described in the 
American Concrete Institute (ACI) guides 349.3R-02, ACI 201.1R-08, and American National 
Standards Institute/American Society of Civil Engineers guidelines (ANSI/ASCE) 11-99.  
Identified aging effects are evaluated against acceptance criteria derived from the design bases 
or industry guides and standards, including ACI 349, ACI 318, ACI 349.3R-02 and the American 
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section XI, 
Subsection IWL. 
 
The program also includes periodic sampling and testing of groundwater and the need to 
assess the impact of any changes in its chemistry on below-grade concrete structures.  
Additional activities include radiation surveys to ensure the shielding functions of the concrete 
structure are maintained and daily inspections to ensure the air convection vents are not 
blocked, if applicable (per the requirements of the approved design bases).  The program also 
includes provisions where modifications may be appropriate for specific license renewals.  
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Table B-2.  Example AMP for Reinforced Concrete Structures 

Element Description 

1. Scope of Program The scope of the program includes the following aging 
management activities: 
1. visual inspection of above-grade (accessible, inaccessible) and 

below-grade (underground) concrete areas (See Element 4 for sample 
size and justification of areas to be inspected) 

2. groundwater chemistry monitoring program to identify conditions 
conducive to below-grade (underground) aging mechanisms: 
• corrosion of embedded steel 
• chemical attack (chloride and sulfate induced degradation 

3. radiation surveys to: 
• Ensure compliance with 10 CFR 72.104 (i.e., dose equivalent 

requirements beyond the controlled area during normal and 
off-normal conditions of storage). 

• Monitor performance of the concrete as a neutron/gamma shield 
at near system locations as an indicator of concrete degradation. 

The program provides means to address the following aging effects and 
mechanisms, as described in ACI 349.3R-02 and ASCE/SEI 11-99: 
• cracking or loss of material (spalling, scaling) due to freeze-thaw 

degradation 
• cracking or loss of material (spalling, scaling) due to chemical attack 

(chloride, sulfate induced) 
• cracking and loss of strength due to cement aggregate reactions 
• cracking, loss of material, and loss of bond due to corrosion of 

embedded steel 
• increase in porosity/permeability and loss of strength due to leaching of 

calcium hydroxide (Ca(OH)2) 
• cracking and distortion due to long-term settlement 
• cracking and reduction in strength due to gamma and neutron irradiation 

Calculations or analyses (time-limited aging analyses, when appropriate) 
may be used to demonstrate that aging effects due to irradiation do not 
require an AMP.  More specifically, the renewal application may demonstrate 
that no part of the concrete exceeds critical cumulative fluences of 
1017 neutrons/m2 or 1010 rad (gamma dose), per ACI 349.3R-02.a 
 

Additional site-specific AMPs may be required for the following scenarios: 
• A dewatering system is used to prevent long-term settlement. 
• The design bases includes embedded aluminum subcomponents 

without a protective insulating coating. 
• Protective coatings are relied upon to manage the effects of aging for 

a subcomponent. 
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Element Description 

2. Preventive Actions Preventive actions include (1) continuance of inspections to ensure that 
air inlet and outlet vents are not blocked, or (2) temperature monitoring, if 
applicable, to ensure design temperature limits are not exceeded.  These 
inspections would be part of the approved design bases and be continued 
for the sample size and inspection frequency identified in the respective 
technical specification. 
 
Additional preventive actions are not required for structures designed and 
fabricated in accordance to ACI 318 or ACI 349, as specified in the design 
bases.  Otherwise, a site-specific AMP may be required. 

3. Parameters 
Monitored or 
Inspected 

For visual inspections, the parameters monitored/inspected quantify the 
following aging effects: 
• cracking 
• material loss (spalling, scaling) 
• loss of bond 
• increased porosity/permeability 

The AMP references the following parameters for characterizing the above 
aging effects, as appropriate:b 
• affected surface area 
• geometry/depth of defect 
• cracking, crazing, delaminations, drummy areas 
• curling, settlements or deflections 
• honeycombing, bug holes 
• popouts and voids 
• exposure of embedded steel 
• staining/ evidence of corrosion 
• dusting, efflorescence of any color 

The parameters evaluated consider any surface geometries that may 
support water ponding and potentially increase the rate of degradation. 

For the groundwater chemistry program, the parameters 
monitored/inspected include: 
• water pH 
• concentration of chlorides and sulfates in the water 

For radiation surveys, the parameters monitored/inspected include gamma 
dose rate and/or neutron fluence rate. 
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Element Description 

4. Detection of 
Aging Effects 

Method/Technique 

The method/technique achieves the acceptance criteria, as defined in 
AMP Element 6.  An engineering justification or technical bases is provided, 
which references applicable consensus guides, codes and standards, or 
calibration procedures that ensure the method or technique will provide 
reliable data. 

For visual inspections, the method/technique is defined as: 
• visual method for normally accessible areas (e.g., feeler gauges, 

crack comparators) 
• visual method for normally inaccessible areas (site-qualified remote 

inspection system) 

Procedures for remote visual inspections should be demonstrated to ensure 
the acceptance criteria in ACI 349.3R is achievable; procedure attributes 
should include equipment resolution, lighting requirements, etc. and 
reference applicable standards when possible. 

For the groundwater chemistry program, the method/technique is defined as 
a chemical analysis method with a valid measurement range relative to the 
acceptance criteria. 

For radiation surveys, the method/technique is defined as calibrated neutron 
and gamma detectors with valid energy ranges. 

Frequency of Inspection 

The proposed inspection schedule is commensurate with ACI 349.3R-02.  
Alternative inspection frequencies provide a valid technical basis 
(engineering justification, operating experience data) for any deviation from 
ACI 349.3R-02. 

For visual inspections, the frequency of inspection is defined as: 
• for above-grade (accessible and inaccessible) areas:  ≤ 5 years 
• for below-grade (underground) areas:  ≤ 10 years, and when excavated 

for any reason 
• the use of opportunistic inspections in lieu of planned inspections per the 

above schedule provides a valid technical basis (engineering 
justification, operating experience data). 

For the groundwater chemistry program, the frequency of monitoring is 
justified (e.g., quarterly, semiannual). 

For radiation surveys, the frequency of monitoring is justified 
(e.g., quarterly). 
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Element Description 

4. Detection of Aging 
Effects (cont’d) Sample Size 

Visual inspections cover 100 percent of readily accessible surfaces of all 
reinforced concrete structures in operation (e.g., all normally accessible 
exterior surfaces of all loaded overpacks), and 100 percent of normally 
inaccessible surfaces for a justified subset of the reinforced concrete 
structures in operation (e.g., interior surfaces of two overpacks, including the 
overpack earliest loaded and the overpack loaded with the highest heat-load 
canister).  The extent of inspection coverage should be specified 
and demonstrated to sufficiently characterize the condition of the structure. 
 
For the groundwater chemistry program and radiation surveys, the sample 
size clearly identifies and justifies specific locations where 
inspection/monitoring will be conducted to sufficiently characterize the 
condition of the structure (e.g., periodic dose rate measurements will be 
performed at same locations specified in the technical specifications for dose 
rate measurements at loading). 

Data Collection: 

Data collection for visual inspections is commensurate with applicable 
consensus codes/standards/guides: 
• for example, ACI 224.1R for quantitative analysis (crack width, extent), 

ACI 562, ACI 364.1R. 

The AMP references a clearinghouse for documenting inspection/monitoring 
operating experience. 

Timing 

The timing of the inspections includes the pre-application inspection or 
general-licensee baseline inspection, performed per Sections 3.4.1.2 and 
3.6.1.10 of this NUREG, and at the frequency justified by the AMP. 

5. Monitoring 
and Trending 

Monitoring and trending methods are commensurate with defect evaluation 
guides and standards (e.g., ACI 201.1R, ACI 207.3R, ACI 364.1R, ACI 562, 
or ACI 224.1R for crack evaluation). 

Monitoring and trending methods reference plans/procedures used to: 
• Establish a baseline before or at the beginning of the period of 

extended operation. 
• Track trending of parameters or effects not corrected in a previous 

inspection, for example: 
• crack growth/extent 
• pore/void density and affected areas 
• dose rates 
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Element Description 

6. Acceptance Criteria For visual inspections, the acceptance criteria are commensurate with the 
three-tier quantitative criteria in ACI 349.3R-02: 
• acceptance without further evaluation 
• acceptance after review 
• acceptance requiring further evaluation 

The acceptance criteria clearly identify when a condition is to be entered 
in the Corrective Action Program (e.g., when Tier 2 acceptance per 
ACI 349.3R-02 is exceeded). 

For the groundwater chemistry program, the acceptance criteria are 
commensurate with ASME Code Section XI, Subsection IWL, which 
states that an aggressive below-grade environment is defined as: 
• pH < 5.5, chlorides > 500 ppm, or sulfates > 1500 ppm 

For radiation surveys, the acceptance criteria are justified and sufficient 
to ensure compliance with 10 CFR 72.104 and identify dose rates that 
statistically exceed calculated/expected dose rates at pre-determined 
measurement locations.  The adequacy of the acceptance criteria considers 
measured dose rates versus calculated/expected dose rates for a dry 
storage system (DSS) given the DSS contents and accounting for the decay 
of the source term since the DSS loading.  Measurement locations should be 
consistent with those specified in the license/CoC conditions/technical 
specification (if any) and/or locations where dose rates were calculated 
in the FSAR and likely measured at the time of loading. 

Alternative acceptance criteria may be provided.  For such cases, the 
acceptance criteria should: 
• Include a quantitative basis (justifiable by operating experience, 

engineering analysis, consensus codes/standards). 
• Avoid use of non-quantifiable phrases (e.g., significant, moderate, minor, 

little, slight, few). 
• Be achievable and clearly actionable. 

7. Corrective Actions The corrective actions are in accordance with the specific- or 
general-licensee QA Program approved under 10 CFR Part 72, Subpart G, 
or 10 CFR Part 50, Appendix B, respectively.  The QA Program ensures that 
corrective actions are completed within the specific or general licensee’s 
CAP, and include provisions to: 
• Perform functionality assessments. 
• Perform apparent cause evaluations, and root cause evaluations. 
• Address the extent of condition. 
• Determine actions to prevent recurrence for significant conditions 

adverse to quality; ensure justifications for non-repairs. 
• Trend conditions. 
• Identify operating experience actions, including modification to the 

existing AMP (e.g., increased frequency). 
• Determine if the condition is reportable to the NRC per 10 CFR 72.75. 

The AMP references applicable concrete rehabilitation guides or standards, 
for example: 
• cracking:  ACI 224.1R, ACI 562, ACI 364.1R, and ACI RAP Bulletins 
• spalling/scaling:  ACI 562, ACI 364.1R, ACI 506R, and ACI RAP 

Bulletins 
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Element Description 

8. Confirmation 
Process 

The confirmation process is commensurate with the specific- or 
general-licensee QA Program approved under 10 CFR Part 72, Subpart G, 
or 10 CFR Part 50, Appendix B, respectively.  The QA Program ensures that 
the confirmation process includes provisions to preclude repetition of 
significant conditions adverse to quality. 
 
The confirmation process describes or references procedures to: 
• determine follow-up actions to verify effective implementation 

of corrective actions 
• monitor for adverse trends due to recurring or repetitive findings 

or observations 
9. Administrative 

Controls 
The administrative controls are in accordance with the specific- or 
general-licensee QA Program approved under 10 CFR Part 72, Subpart G, 
or 10 CFR Part 50, Appendix B, respectively.  The QA Program ensures that 
the administrative controls include provisions that define: 
• instrument calibration and maintenance 
• inspector requirements (commensurate with ACI 349.3R-02) 
• record retention requirements 
• document control 
 
The administrative controls describe or reference: 
• methods for reporting results to the NRC per 10 CFR 72.75 
• frequency for updating the AMP based on industrywide 

operating experience 
10. Operating 

Experience 
The AMP references and evaluates applicable operating experience, both 
before renewal and will continue to do so as new operating experience is 
developed and made available after renewal, including: 
• internal and industrywide condition reports 
• internal and industrywide corrective action reports 
• vendor-issued safety bulletins 
• NRC Generic Communications 
• applicable DOE or industry initiatives (e.g., EPRI- or DOE-sponsored 

inspections) 

The AMP clearly identifies any degradation in the referenced operating 
experience as either age-related or event-driven, with proper justification for 
that assessment.  Past operating experience supports the adequacy of the 
proposed AMP, including the method/technique, acceptance criteria, and 
frequency of inspection. 

The AMP references the methods for capturing operating experience from 
other ISFSIs with similar in-scope SSCs. 
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Element Description 

References ACI 201.1R-08, “Guide for Conducting a Visual Inspection of Concrete in 
Service,” 2008. 

ACI 207.3R-94, “Practices for Evaluation of Concrete in Existing Massive 
Structures for Service Conditions,” 2008. 

ACI 224.1R-07, “Causes, Evaluation, and Repair of Cracks in Concrete 
Structures,” 2007. 

ACI 318-05, “Building Code Requirements for Structural Concrete and 
Commentary,” 2005. 

ACI 349.3R-02, “Evaluation of Existing Nuclear Safety-Related Concrete 
Structures,” 2010. 

ACI 349-06, “Code Requirements for Nuclear Safety-Related Concrete 
Structures and Commentary,” 2007. 

ACI 364.1R-07, “Guide for Evaluation of Concrete Structures before 
Rehabilitation,” 2007. 

ACI 506R-05, “Guide to Shotcrete,” 2005. 

ACI 562-13, “Code Requirements for Evaluation, Repair, and Rehabilitation 
of Concrete Buildings,” 2013. 

ACI CT-13, “ACI Concrete Terminology,” 2013. 

ASCE/SEI 11-99, “Guideline for Structural Condition Assessment of Existing 
Buildings,” 2000. 

ASME Boiler and Pressure Vessel Code, Section XI, Subsection IWL, 
“Requirements for Class CC Concrete Components of Light-Water-Cooled 
Plants,” 2013. 

NRC, “Standard Review Plan for Spent Fuel Dry Storage Facilities,” 
NUREG-1567, Rev. 0.  Washington, DC, 2000.  ADAMS Accession 
No. ML003686776. 

NRC, “Standard Review Plan for Spent Fuel Dry Storage Systems at a 
General License Facility,” NUREG-1536, Rev. 1, Washington, DC, 2010a.  
ADAMS Accession No. ML101040620. 

NRC, “Generic Aging Lessons Learned (GALL) Report,” NUREG-1801, 
Rev. 2, Washington, DC, 2010c.  ADAMS Accession No. ML103490041. 

a The staff recognizes the critical cumulative fluence in ACI 349.3R-02 as adequately conservative.  The 
applicant may choose to justify a higher critical cumulative fluence if a technical bases is provided. 

b Terminology consistent with ACI standard CT-13. 
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Example of a High Burnup Fuel Monitoring and Assessment Program 
 

An example of a High Burnup (HBU) Fuel 1 Monitoring and Assessment Program is provided 
below.  This is a licensee program that monitors and assesses data and other information 
regarding HBU fuel performance, to confirm that the design-bases HBU fuel configuration is 
maintained during the period of extended operation.  This example HBU Monitoring and 
Assessment Program relies on a surrogate demonstration program to provide data on HBU fuel 
performance.  Guidance for determining if a surrogate demonstration program can provide the 
data to support a licensee’s HBU Fuel Monitoring and Assessment Program is given in 
Appendix D.  Although this example focuses on the use of a surrogate demonstration program, 
a licensee may use alternative approaches that are appropriately justified. 
 
The aging management review is not expected to identify any aging effects that could lead to 
fuel reconfiguration, as long as the HBU fuel is stored in a dry inert environment, temperature 
limits are maintained, and thermal cycling is limited (see Sections 2.4.2.1 and 3.4.1.4).  
Short-term testing (i.e., laboratory scale testing up to a few months) and scientific analyses 
examining the performance of HBU fuel have provided a foundation for the technical basis that 
storage of HBU fuel in the period of extended operation may be performed safely and in 
compliance with regulations.  However, there has been relatively little operating experience, 
to date, with dry storage of HBU fuel. 
 
Therefore, the purpose of a HBU Fuel Monitoring and Assessment Program is to monitor and 
assess data and other information regarding HBU fuel performance to confirm there is no 
degradation of HBU fuel that would result in an unanalyzed configuration during the period 
of extended operation.  The following description of an example HBU Fuel Monitoring and 
Assessment Program presents the applicable information in a format using each element of 
an effective aging management program, to provide a framework for such a monitoring and 
assessment program.  

                                                
1 Fuel assemblies with discharge burnup greater than 45 gigawatt-days per metric ton of uranium (GWd/MTU) 
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Table B-3.  Example of a High Burnup Fuel Monitoring and Assessment Program 

Element Description 

1. Scope of 
the Program 

The scope of the program provides a description of:  (1) the design-bases 
characteristics of the HBU fuel, (2) the surrogate demonstration program that 
will be used to provide data on the applicable design-bases HBU fuel 
performance, and (3) how the parameters of the surrogate demonstration 
program are applicable to the design-bases HBU fuel. 
 
Aging effects will be determined for material/environment combinations 
through an alternative surrogate demonstration program meeting the 
guidance in Appendix D. 
 
Example language to address this “scope of the program” element follows: 
 
Fuel stored in a [define cask/canister model] is limited to an assembly 
average burnup of [define design-bases limit] GWd/MTU.  The cladding 
materials for the HBU fuel are [define types of cladding], and the fuel is 
stored in a dry helium environment.  HBU fuel was first placed into dry 
storage in a [define cask/canister model] on [start date of storage term 
of first storage of HBU fuel]. 
 
The program relies on the joint Electric Power Research Institute (EPRI) 
and Department of Energy (DOE) “HBU Dry Storage Cask Research and 
Development Project” (HDRP) (EPRI 2014), conducted in accordance with 
the guidance in Appendix D, as a surrogate demonstration program that 
monitors the performance of HBU fuel in dry storage. 
 
The HDRP is a program designed to collect data from a spent nuclear fuel 
storage system containing HBU fuel in a dry helium environment.  The 
program entails loading and storing a AREVA TN-32 bolted lid cask (the 
“Research Project Cask”) at Dominion Virginia Power’s North Anna Power 
Station with intact HBU fuel (of average assembly burnups ranging between 
53 GWd/MTU and 55.5 GWd/MTU).  The fuel to be used in the program 
include four kinds of cladding (Zircaloy-4, low-tin Zircaloy-4, ZirloTM, and 
M5TM).  The Research Project Cask is to be licensed to the temperature 
limits contained in Interim Staff Guidance (ISG) 11, Rev. 3 (NRC 2003), and 
loaded such that the fuel cladding temperature is as close to the limit as 
practicable.  [If an alternative surrogate demonstration program is used, 
provide a description of the program.] 
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Element Description 

1. Scope of the 
Program (cont’d) 

The parameters of the surrogate demonstration program are applicable to 
the design-bases HBU fuel, as the:  (1) maximum assembly-average burnup 
of the design-bases HBU fuel [define value] is less than the 
assembly-average burnup of the fuel in the surrogate demonstration 
program [define value]; (2) the cladding type of the design-bases HBU fuel 
[define type] is the same as the surrogate demonstration program [define 
type]; and (3) the peak temperatures in the surrogate demonstration 
program [define values] bound the peak temperatures of the loaded systems 
(or design bases) [define values].a 

2. Preventive Actions There are no specific preventive actions associated with this HBU Fuel 
Monitoring and Assessment Program.  However, the applicant should 
discuss the design-bases characteristics of the licensed/certified dry storage 
system, in terms of initial cask loading operations, to show the HBU fuel is 
stored in a dry inert environment. 
 
Example language follows: 
 
During the initial loading operations of the cask/canister, the design and 
ISFSI Technical specifications (TS) require that the fuel be stored in a dry 
inert environment.  TS [name and number] demonstrates that the 
cask/canister cavity is dry by maintaining a cavity absolute pressure less 
than or equal to [value] for a [time period] with the cask/canister isolated 
from the vacuum pump.  TS [name and number], requires that the 
cask/canister then be backfilled with helium.  These two TS requirements 
ensure that the HBU fuel is stored in an inert environment thus preventing 
cladding degradation due to oxidation mechanisms.  TS [name and number] 
also requires that the helium environment be established within [time] hours 
of commencing cask/canister draining.  The cask/canister is loaded in 
accordance with the criteria of ISG-11. 

3. Parameters 
Monitored or 
Inspected 

The applicant identifies the parameters monitored and inspected in a 
surrogate demonstration program that are applicable to its particular 
design-bases HBU fuel and describes how this meets the guidance of 
Appendix D. 

4. Detection of 
Aging Effects 

The applicant identifies the detection of aging effects in a surrogate 
demonstration program that are applicable to its particular design-bases 
HBU fuel and describes how this meets the guidance of Appendix D. 

SCE-SER 002029

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-8, Page 99 of 141
(2068 of 2110)



 

 
B-26 

Element Description 

5. Monitoring 
and Trending 

As information/data from a surrogate demonstration program or from 
other sources (such as testing or research results and scientific analyses) 
becomes available, the licensee will monitor, evaluate, and trend the 
information via its operating experience program and/or the Corrective 
Action Program (CAP) to determine what actions should be taken. 
 
The licensee will evaluate the information/data from a surrogate 
demonstration program or from other sources to determine whether 
the acceptance criteria in Element 6 are met. 
 
• If all of the acceptance criteria are met, no further assessment 

is needed. 
 
• If any of the acceptance criteria are not met, the licensee must conduct 

additional assessments and implement appropriate corrective actions 
(see Element 7). 

 
Formal evaluations of the aggregate information from a surrogate 
demonstration program and other available domestic or international 
operating experience (including data from monitoring and inspection 
programs, NRC generic communications, and other information) will be 
performed at specific points in time during the period of extended operation, 
as delineated in Table B-4. 

6. Acceptance Criteria The High Burnup Fuel Monitoring and Assessment Program acceptance 
criteria are: 
• Hydrogen content—maximum hydrogen content of the cover gas over 

the approved storage period should be extrapolated from the gas 
measurements to be less than the design-bases limit for 
hydrogen content. 
 

• Moisture content—the moisture content in the cask/canister, accounting 
for measurement uncertainty, should be less than the expected upper 
bound moisture content per the design-bases drying process.b 
 

• Fuel condition/performance—nondestructive examination (e.g., fission 
gas analysis) and destructive examination (e.g., to obtain data on creep, 
fission gas release, hydride reorientation, cladding oxidation, and 
cladding mechanical properties) should confirm the design-bases fuel 
condition (i.e., no changes to the analyzed fuel configuration considered 
in the safety analyses of the approved design bases). 

 
The applicant should provide information on the design-bases 
characteristics of the dry storage system or ISFSI, with regard to these 
criteria.  The applicant should reference the source of specific values, or 
explain any assumptions made, for defining design-bases characteristics 
of the fuel condition/performance. 
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Element Description 

7. Corrective Actions The corrective actions are in accordance with the specific- or 
general-licensee QA Program approved under 10 CFR Part 72, Subpart G, 
or 10 CFR Part 50, Appendix B, respectively. 
 
Corrective actions should be implemented if data from a surrogate 
demonstration program or other sources of information indicate that any 
of the High Burnup Fuel Monitoring and Assessment Program acceptance 
criteria (in Element 6) are not met. 
 
If any of the acceptance criteria are not met, the licensee will: 
(1) Assess fuel performance (effects on fuel and changes to 

fuel configuration). 
(2) Assess the design-bases safety analyses, considering degraded fuel 

performance (and any changes to fuel configuration), to determine the 
ability of the dry storage system/ISFSI to continue to perform its 
intended functions under normal, off-normal, and accident conditions. 

 
The licensee will determine what corrective actions should be taken to: 
(1) Manage fuel performance, if any. 
(2) Manage impacts related to degraded fuel performance to ensure that all 

intended functions for the dry storage system/ISFSI are met. 
 
In addition, the licensee will obtain the necessary NRC approval in the 
appropriate licensing/certification process for modification of the design 
bases to address any conditions outside of the approved design bases. 

8. Confirmation 
Process 

The confirmation process is commensurate with the specific- or 
general-licensee QA Program approved under 10 CFR Part 72, Subpart G, 
or 10 CFR Part 50, Appendix B, respectively.  The QA Program ensures that 
the confirmation process includes provisions to ensure corrective actions are 
adequate and appropriate, have been completed, and are effective.  The 
focus of the confirmation process is on the follow-up actions that must be 
taken to verify effective implementation of corrective actions.  The measure 
of effectiveness is in terms of correcting the adverse condition and 
precluding repetition of significant conditions adverse to quality. 
 
Procedures include provisions for timely evaluation of adverse conditions 
and implementation of any corrective actions required, including root cause 
evaluations and prevention of recurrence where appropriate.  These 
procedures provide for tracking, coordinating, monitoring, reviewing, 
verifying, validating, and approving corrective actions, to ensure effective 
corrective actions are taken. 

9. Administrative 
Controls 

The administrative controls are in accordance with the specific- or 
general-licensee QA Program approved under 10 CFR Part 72, Subpart G, 
or 10 CFR Part 50, Appendix B, respectively.  The QA Program ensures that 
the administrative controls include provisions that define: 
• formal review and approval processes 
• record retention requirements 
• document control 
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Element Description 

10. Operating 
Experience 

The program references and evaluates applicable operating experience, 
both before renewal and will continue to do so as new operating experience 
is developed and made available after renewal, including: 
• internal and industrywide condition reports 
• internal and industrywide corrective action reports 
• vendor-issued safety bulletins 
• NRC Generic Communications 
• applicable DOE or industry initiatives (e.g., HDRP) 
• applicable research (e.g., Oak Ridge National Laboratory studies on 

bending responses of the fuel, Argonne National Laboratory and Central 
Research Institute of Electric Power Industry studies on hydride 
reorientation effects) 

The review of operating experience clearly identifies any HBU fuel 
degradation as either age-related or event-driven, with proper justification for 
that assessment.  Past operating experience supports the adequacy of the 
HBU Fuel Monitoring and Assessment Program. 

Surrogate demonstration programs with storage conditions and fuel types 
similar to those in the licensed ISFSI/certified dry storage system that meet 
the guidance in Appendix D are a viable method to obtain operating 
experience. 
 
New data/research on fuel performance from both domestic and 
international sources that are relevant to the licensed/certified HBU fuel in 
the dry storage system/ISFSI should be evaluated on a periodic basis and 
the AMP updated and revised as needed. 
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Element Description 

References Center for Nuclear Waste Regulatory Analyses, “Extended Storage and 
Transportation:  Evaluation of Drying Adequacy,” June 2013, NRC Contract 
No. NRC-02-07-006, 2013.  ADAMS Accession No. ML13169A039. 
 
Dominion Resources, Inc., “North Anna ISFSI, TN-32 High Burnup Dry 
Storage Research Project,” May 13, 2015.  ADAMS Accession 
No. ML15133A082. 
 
EPRI, “HBU Dry Storage Cask Research and Development Project, Final 
Test Plan,” February 27, 2014, DOE Contract No. DE-NE-0000593. 
 
NRC, “Standard Review Plan for Spent Fuel Dry Storage Systems at a 
General License Facility,” NUREG-1536, Rev. 1, Washington, DC, 2010.  
ADAMS Accession No. ML101040620. 
 
NRC, Interim Staff Guidance 11, “Cladding Considerations for the 
Transportation and Storage of Spent Fuel,” Revision 3, November 17, 2003.  
ADAMS Accession No. ML033230335. 

a The AMP should provide a technical basis that supports the conclusion that the demonstration fuel is reasonably 
characteristic of the licensee’s stored fuel, in the event of differences in burnup, cladding composition (alloy 
types) and peak cladding temperatures observed during loading (See Appendix D). 

b The applicant will need to provide the expected upper bound moisture content based on its design-bases drying 
process.  For example, if the design-bases drying process involves a vacuum drying method of evacuating a 
cask/canister to less than or equal to 3 torr and maintaining a constant pressure for 30 minutes after the 
cask/canister is isolated from the vacuum pump, the expected water content is about 0.43 gram-mole.  (See 
NUREG-1536, Rev. 1.) 

 
 
Table B-4.  Formal Evaluations of Aggregate Information on HBU Fuel Performance 

 Year Assessment 

1 Date—before HBU fuel 
exceeds the initial 
storage term a 

Evaluate information obtained from a surrogate demonstration 
program for loading and initial period of storage along with other 
available sources of information.  If surrogate demonstration program 
nondestructive examination (NDE) (i.e., cask/canister gas sampling, 
temperature data) data has not been obtained at this point, then the 
licensee has to provide evidence that the acceptance criteria in 
Element 6 are met or initiate a corrective action. 

2 Date—10 years after 
Assessment 1 above 

Evaluate, if available, information obtained from the destructive 
examination and NDE of the fuel placed into storage in a surrogate 
demonstration program along with other available sources of 
information.  If the destructive examination data from a surrogate 
demonstration program has not been obtained at this point, then the 
licensee has to provide evidence to the NRC, by opening a 
cask/canister or separate effects surrogate experiments, that the 
acceptance criteria in Element 6 are met or initiate a corrective action. 

3 Date—10 years after 
Assessment 2 above 

Evaluate any new information. 

a See Appendix F for a discussion of storage terms. 
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[RESERVED] 
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C-1 

Upon consideration of public comments received on Draft NUREG-1927, Revision 1, the 
concepts regarding lead system inspections originally presented in Appendix C of the Draft 
NUREG-1927, Revision 1, have been incorporated into Chapter 3, “Aging Management 
Review,” of this Final NUREG-1927, Revision 1.  Therefore, the content in Appendix C has been 
deleted, and Appendix C is reserved for future use.
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APPENDIX D 

SUPPLEMENTAL GUIDANCE FOR THE USE OF A DEMONSTRATION 
PROGRAM AS A SURVEILLANCE TOOL FOR CONFIRMATION OF 

INTEGRITY OF HIGH BURNUP FUEL DURING THE PERIOD OF 
EXTENDED OPERATION 
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Appendix D 
 
Supplemental Guidance for the Use of a Demonstration Program as a 

Surveillance Tool for Confirmation of Integrity of High Burnup Fuel 
During the Period of Extended Operation 

This guidance provides the U.S. Nuclear Regulatory Commission (NRC) staff a basis for 
reviewing if a demonstration of high burnup (HBU) fuel has the necessary properties to qualify 
as one method that an applicant might use in license and certificate of compliance renewal 
applications to confirm the integrity of HBU fuel during continued storage. 

D.1  Discussion 

The experimental confirmatory basis that low burnup fuel (≤45 GWd/MTU) will maintain its 
integrity in dry cask storage over extended time periods was provided in a demonstration test 
(NRC, 2003; Bare, et al., 2001; Einziger, et al., 2003).  A similar confirmation test, which 
includes information over a similar length of the time available for low burnup fuel, does not exist 
for other light water reactor (LWR) fuels, HBU fuel 1 and mixed oxide fuels.  Certification and 
licensing HBU fuel for storage was permitted for an initial 20-year-term using the guidance 
contained in Interim Staff Guidance (ISG) 11 (NRC 2003), which was based on short-term 
laboratory tests and analysis that may not be applicable to the storage of HBU fuel beyond 
20 years, particularly with the current state of knowledge regarding HBU fuel cladding 
properties. 

One concern stated in ISG-11 was the potential detrimental effects, such as reduced ductility, of 
hydride reorientation on cladding behavior (NRC, 2003).  Research performed in Japan and the 
United States indicated that:  (1) hydrides could reorient at a significantly lower stress than 
previously believed (Billone, et al., 2013; Kamimura, 2010; Daum, et al, 2006), and (2) the radial 
hydrides could raise the cladding ductile-to-brittle transition temperature enough to compromise 
the ability of the cladding to withstand stress without undergoing brittle failure (Billone, 
et al., 2013).  This phenomenon could influence the retrievability of HBU fuel assemblies and 
result in operational safety concerns in the handling of individual assemblies as HBU fuel 
cooled.  Circumferential zirconium hydrides in the fuel cladding regions would dissolve into the 
fuel cladding during drying and reprecipitate (reorient) as radial hydrides as the fuel cladding 
cooled.  Thus, fuel cladding with radial hydrides that is below a ductile-to-brittle transition 
temperature could be too brittle to retrieve (remove from the DSS) on an assembly basis.  The 
maximum temperatures and internal rod pressures in ISG-11 were recommended to mitigate 
hydride reorientation and are applicable to HBU fuel during the initial 20-year storage, as the 
decay heat of HBU fuel is expected to maintain cladding temperatures above a ductile-to-brittle 
transition temperature (about 200 degrees Celsius, or about 392 degrees Fahrenheit). 

There is no evidence to suggest that HBU fuel cannot similarly be stored safely and then 
retrieved for time periods beyond 20 years, but the supporting experimental data is not 
extensive.  Therefore, confirmatory data or a commitment to obtain data on HBU fuel and taking 
appropriate steps in an aging management plan (AMP) will provide further information that will 
be useful in evaluating the safe handling of individual assemblies of HBU fuel for 
extended durations. 

                                                
1 High burnup fuel is fuel with burnup ≥ 45 GWd/MTU. 
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A demonstration program could provide an acceptable method for an applicant to demonstrate 
compliance with the cited regulations for storage of light water reactor fuels (LWR) for periods of 
greater than 20 years by: 

• confirming the expected fuel conditions, based on technical arguments made in ISG-11 
(NRC, 2003), after a substantial storage period that is sufficiently long (about 10 years) 
to extrapolate the findings to the storage duration of interest  (The behavior of the 
cladding for the period of extended operation will depend on its physical condition at the 
end of the initial 20-year storage period.) 

• providing data for benchmarking, confirming predictive models, and updating aging 
management plans 

• confirming the time-limited aging analysis (TLAA) cladding creep predictions that are 
the basis for the guidance recommendation for the maximum temperature in ISG-11 
(NRC, 2003) are not exceeded and that sufficient creep margin exists for the extended 
storage period 

• determining the system is sufficiently dry to eliminate moisture-driven degradation 
from consideration 

• providing operating experience on the fuel behavior and drying procedure as input to an 
AMP on the behavior of the fuel 

• identifying any aging effects that may be missed through short-term accelerated studies 
and analyses 

Monitoring of the fuel temperatures, gas composition, and other conditions in the canister or 
cask combined with physical examination of the fuel at periodic intervals should be able to 
provide confirmation if: 

• The models of the phenomena used for the first 20-year predictions can be used for the 
TLAA beyond 20 years. 

• The condition of the fuel, after an appropriately long period of storage, does not degrade. 

• New degradation mechanisms are not being exhibited. 

Extrapolation outside the recorded data carries risk, but that risk can be minimized if the length 
of the extrapolation is reduced and those extrapolations are updated as the demonstration 
continues to monitor and measure fuel properties. 

D.2  Technical Review Guidance 

The applicant may use the results of a completed demonstration or an ongoing demonstration 
if the conditions of the demonstration meet the requirements stated below for the fuels and 
conditions of storage for which the term is to be renewed.  The approach in this guidance can 
be applied to a generic demonstration program or a site/system-specific program as long as 
the demonstration’s parameters are reasonably applicable to the applicant’s fuel type and 
characteristics. 
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The technical reviewers should establish that the following conditions are met if the 
demonstration is to be used by the applicant to support fuel assembly conditions for storage of 
HBU fuel beyond 20 years and to be applicable to support a license or certificate application: 

(1) That the maximum burnup of the fuel in the application is less than the burnup of the fuel 
in the demonstration.  If the burnup is higher than that in the demonstration, the 
applicant should provide evidence, based on characteristics of the fuel, derived either 
from reactor rod qualification testing or other separate effects tests, that the 
demonstration fuel is reasonably characteristic of the stored fuel and the added burnup 
will not change the results determined by the demonstration.  Similarly, if there is a 
different cladding type used, arguments based on comparison of composition and 
fabrication technique (e.g., stress-relieved and annealed, recrystallized) should justify 
the use of the demonstration results. 

(2) If the applicant uses direct observations of the rod behavior to imply the condition of 
the rods in its system, either (1) the temperatures in the demonstration must bound the 
temperatures in the application, or (2) if the applicant uses predictive tools that have 
been confirmed by the demonstration, then the temperatures of the rods in the 
application do not have to be bounded by the temperature of the rods in the 
demonstration.  The temperature models used in the application should either be 
benchmarked (1) against the demonstration temperature data, or (2) against actual 
measured rod temperature data in the same temperature range. 

(3) If the applicant is using gas analysis or another gas detection method to establish the 
condition of the fuel, then the interior of a demonstration canister or cask should be 
quantitatively monitored for, at a minimum, moisture, oxygen, and fission gas.  The 
duration and frequency of the gas monitoring should be determined by analysis of the 
potential degradation.  Gases should always be quantitatively monitored before opening 
of the canister.  If the applicant claims that no galvanic degradation is feasible, then, if 
after drying, moisture is detected in the canister, moisture and hydrogen should be 
monitored at a reasonable frequency to be determined by the applicant until the moisture 
disappears.  Gas monitoring is not expected during movement of the canister.  If the 
applicant is using the gas analysis to show no breaches would occur during transport, 
gas quantitative monitoring must be conducted before and after transport. 

(4) Temperature monitoring should be conducted at a frequency that is suitable 
for determining the profile over the duration of the demonstration. 

(5) If possible, some population of stored rods should be examined whenever the system is 
opened.  These rods should be extracted from the fuel assembly to determine properties 
of the rods that affect degradation such as cladding creep, fission gas release, hydride 
reorientation, cladding oxidation, and mechanical properties. 

(6) The demonstration program fuel shall include at least two full fuel assemblies.  The 
assemblies may be reconstituted. 

(7) Data from the demonstration program must be indicative of a storage duration long 
enough to justify extrapolation to the total storage time requested but no less than 
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10 years if the data is to be used to support license extension from the initial 20 years 
to an additional 40 years.2 
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2 A demonstration is to provide that there was satisfactory performance during the first 20 years and that the 

results could be extrapolated to support an additional 40 years.  The NRC staff agreed that a demonstration 
of ≤ 10 years storage duration is insufficient to support these goals. 
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Appendix E 

Considerations for Renewals of Certificates of Compliance 

E.1  Development of Time-Limited Aging Analyses and Aging Management Programs 

From Title 10 of the Code of Federal Regulations (10 CFR) 72.240, “Conditions for Spent Fuel 
Storage Cask Renewal,” the certificate of compliance (CoC) renewal application must include 
time-limited aging analyses (TLAAs), if applicable, and aging management programs (AMPs).  
The CoC holder, as the applicant for the CoC renewal and the owner of the storage cask or dry 
storage system (DSS) design, will develop the TLAAs and AMPs.  The renewal application 
should address age-related degradation of the DSS design in a bounding manner (i.e., fully 
address pertinent aging mechanisms and effects in all possible service environments where the 
DSS is being used and can be used).  If there is an AMP that may not be applicable to certain 
general licensees, because of the service environment in which the DSS is located, the AMP 
should specify this.  In addition, the CoC holder and the staff should consider the need for a 
CoC condition to specify this potential limited use of the AMP, so it is clear for general 
licensee implementation. 

For a CoC renewal that encompasses CoC amendments with different design bases, the CoC 
holder will need to address in the renewal application how the TLAAs or AMPs apply to each 
amendment covered by the CoC.  For example, if different materials are used or different SSCs 
are part of the DSS design in different CoC amendments, or if different environments 
(e.g., underground vs. aboveground system) are reflected in different CoC amendments, 
then there may be different TLAAs or AMPs specified for the individual amendments. 

E.2  Implementation of AMPs 

In approving the renewal of the DSS design, the U.S. Nuclear Regulatory Commission (NRC) 
may revise the CoC to include terms, conditions, and specifications that will ensure the safe 
operation of the DSS during the period of extended operation, including but not limited to, terms, 
conditions, and specifications that will require the implementation of an AMP by a general 
licensee, in accordance with 10 CFR 72.240(e).  General licensees’ implementation of AMPs 
is subject to NRC inspection. 

Regulations in 10 CFR 72.212, “Conditions of General License Issued under § 72.210,” provide 
requirements for general licensees using approved CoCs.  Regulations in 10 CFR 72.212(b)(11) 
require general licensees to comply with the terms, conditions, and specifications of the CoC, 
including but not limited to, the requirements of any AMP put into effect as a condition of the 
NRC approval of a CoC renewal application in accordance with 10 CFR 72.240. 

General licensees (CoC users) are responsible for implementing the AMPs.  To document 
the licensee’s compliance with the renewed CoC, a future or existing general licensee should 
include in its 10 CFR 72.212(b)(5) evaluation (including the results of the review and 
determination per 72.212(b)(6) and 72.212(b)(8)) how it will meet the new CoC terms, 
conditions, or specifications for aging management.  Note that the renewed CoC may include a 
condition for the general licensee to do so.  As part of this evaluation, general licensees should 
consider any granted exemptions or 10 CFR 72.48 changes that could affect aging 
management. 

SCE-SER 002047

Case: 20-70899, 07/20/2020, ID: 11759664, DktEntry: 44-8, Page 117 of 141
(2086 of 2110)



 

E-2 

The general licensee should update the 10 CFR 72.212(b)(5) evaluation before entering the 
period of extended operation.  Considering timely renewal provisions (See Section 1.4.5), 
update of the 10 CFR 72.212(b)(5) evaluation before the loaded systems enter the period of 
extended operation may not be possible.  In such cases, the reviewer should ensure that timing 
for update of the 10 CFR 72.212(b)(5) evaluation is addressed in the application in a clear 
manner.  Also, any CoC condition related to the update of the 10 CFR 72.212(b)(5) evaluation 
may include timing provisions. 

The AMP-related information in the DSS FSAR will be implemented by general licensees 
as-written.  If a general licensee wishes to deviate from the DSS FSAR, it must evaluate any 
such deviation under the provisions of 10 CFR 72.48.  If AMP details in the FSAR specify that 
the AMP is not applicable for certain users (e.g., if it is not applicable in certain climates or 
environments), the general licensee can include the technical justification in its 10 CFR 72.212 
report for not implementing such an AMP.  The general licensee would need to evaluate any 
changes to the 10 CFR 72.212 report or any deviations from the DSS FSAR, using the 
requirements of 10 CFR 72.48 (See NRC Regulatory Issue Summary 2012-05, “Clarifying 
the Relationship Between 10 CFR 72.212 and 10 CFR 72.48 Evaluations”). 

E.3  Corrective Actions 

As discussed in Section 3.6.1.7, corrective actions are measures to be taken when the AMP 
acceptance criteria are not met.  Corrective actions are critical for maintaining the intended 
functions of the structures, systems, and components during the initial storage term as well as 
the period of extended operation.  The CoC holder should discuss in its renewal application any 
applicable and appropriate corrective actions to be taken if the AMP acceptance criteria are not 
met. 

A general licensee will use its Corrective Action Program (CAP) (that is consistent with the 
criteria in 10 CFR Part 50, Appendix B, “Quality Assurance Criteria for Nuclear Power Plants 
and Fuel Reprocessing Plants”) to capture and address aging effects identified in the period of 
extended operation.  At a minimum, all conditions that do not meet the AMP acceptance criteria 
should be entered into the CAP.  The general licensee’s CAP should be able to respond to and 
adequately address and rectify any ISFSI or DSS aging issues.  Also, the CAP’s response to 
address any DSS aging issues should include any specific corrective actions specified in the 
CoC renewal application. 
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Appendix F 

Storage Terms 

F.1  Introduction 

This appendix provides a flow chart for calculating storage terms of a dry storage system (DSS) 
or a DSS structure, system, and component (SSC) loaded during either the initial storage period 
or renewal period(s) of a certificate of compliance (CoC). 

F.2  Storage Term Defined 

The storage term (length of time a DSS can remain loaded) is determined by the period 
specified in the applicable CoC in effect at the time the DSS is placed into service (from Title 10 
of the Code of Federal Regulations (10 CFR) 72.212(a)(3) and Ref. 1).  The storage period 
begins when the DSS is first used by the general licensee to store spent fuel 
(10 CFR 72.212(a)(3)).1  The clock starts when the loaded cask has been deployed in the 
independent spent fuel storage installation (76 FR 8872).  If a CoC is not renewed, upon 
expiration, casks loaded under that CoC would need to be removed from service when they 
reach the end of their storage term.  An AMP for a renewed CoC commences at the end of the 
initial storage period for each loaded DSS (see Section 3.6.2). 

• If the DSS is loaded during the initial CoC term (e.g., 20 years) and the CoC is not 
renewed, the storage term is the entirety of the initial CoC term (e.g., 20 years). 

• If the DSS is loaded during the initial CoC term and the CoC is renewed once, the 
storage term is the remaining time in the initial CoC term added to the entirety of the 
first renewal period. 

• If the DSS is loaded during the first renewal period (e.g., 40 years), and the CoC is 
not subsequently renewed, the storage term is the entirety of the first renewal period 
(e.g., 40 years). 

• If the DSS is loaded during the first renewal period, and the CoC is subsequently 
renewed, the storage term is the remaining time in the first renewal period added to 
the entirety of the subsequent renewal period (cumulative). 

F.3 Flowchart for Calculating Storage Terms 

A flowchart is provided below to assist the user in calculating the storage term for a DSS loaded 
under a CoC.  

                                                
1 The storage period for a particular DSS SSC begins when it is first used to store spent fuel, regardless if the 

SSC is later stored at a different location. 
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Figure F-1.  Flowchart for calculating storage terms 

 

F.4  References 

U.S. Nuclear Regulatory Commission, “10 CFR Part 72, License and Certificate of Compliance 
Terms, Final Rule,” Federal Register, Vol. 76, No. 32, February 16, 2011, pp. 8872–8892 
(76 FR 8872). 
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1Formerly entitled “Damaged Fuel.”
ISG-1, Rev. 2 1

Division of Spent Fuel Storage and Transportation
Interim Staff Guidance - 1, Revision 2

Classifying the Condition of Spent Nuclear Fuel for Interim Storage and Transportation
Based on Function1

Issue

This Interim Staff Guidance (ISG) provides guidance to the staff on classifying spent nuclear
fuel as either (1) damaged, (2) undamaged, or (3) intact, before interim storage or
transportation.  This is not a regulation or requirement and can be modified or superseded by
an applicant with supportable technical arguments.

Regulatory Basis

Fuel-Specific Regulations:

A fuel-specific regulation means a characteristic or performance requirement of the fuel
specifically named in the applicable Code of Federal Regulations (CFR).  These are regulations
that specify capabilities that the spent nuclear fuel (SNF) must have.  Examples include:

10 CFR 71.55(d) states, in part:  “A package used for the shipment of fissile material must be
so designed and constructed and its contents so limited that under the tests specified in
10 CFR 71.71 (‘Normal conditions of transport’)

(1) The contents would be subcritical.
(2) The geometric form of the package contents would not be substantially altered.”

10 CFR 72.44(c) states, in part: “Technical specifications must include requirements in the 
following categories:  (1) Functional and operating limits  . . .  (I) . . .  for an ISFSI or
MRS are limits on fuel or waste handling and storage conditions that are found to be
necessary to protect  the integrity of the stored fuel or waste container, to protect
employees against occupational exposures and to guard against the uncontrolled
release of radioactive materials . . . ”

10 CFR 72.122(h)(1) states:  “The spent fuel cladding must be protected during storage against 
degradation that leads to gross ruptures or the fuel must be otherwise confined such
that  degradation of the fuel during storage will not pose operational safety problems
with respect to its removal from storage.  This may be accomplished by canning of
consolidated fuel rods or unconsolidated assemblies or other means as appropriate.”

10 CFR 72.122(l) states:  “Retrievability.  Storage systems must be designed to allow ready 
retrieval of spent fuel,  . . .  for further processing or disposal.”
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System-Related Regulations:

A transportation and storage system must satisfy all applicable regulations in 10 CFR Parts 71
or 72.  A system-related regulation is a performance requirement placed on the fuel for the
system (i.e., transportation or storage cask) to meet a regulation that does not specifically
require performance capabilities of the SNF.  Examples include: 

10 CFR 71.55(e) states in part:  “A package used for the shipment of fissile material must be so 
designed and constructed and its contents so limited that under the tests specified in 10
CFR 71.73 (‘Hypothetical accident conditions’), the package would be subcritical.”  

Note:  This regulation does not place a specific requirement on the SNF.  However, if the
package requires the SNF to maintain its geometric configuration to ensure subcriticality, then a
function is imposed on the SNF.

10 CFR 72.122(h)(5) states:  “The high level radioactive waste and reactor related GTCC waste 
must be packaged in a manner that allows handling and retrievability without the release
of  radioactive materials to the environment or radiation exposures in excess of Part 20
limits . . . ”

10 CFR 72.124(a) states:  “Design for criticality safety.  Spent fuel handling, packaging, 
transfer, and storage systems must be designed to be maintained subcritical and to
ensure  that, before a nuclear criticality accident is possible, at least two unlikely,
independent, and  concurrent or sequential changes have occurred in the conditions
essential to nuclear criticality safety.  The design of handling, packaging, transfer, and
storage systems must include margins of safety for the nuclear criticality parameters
that are commensurate with the uncertainties in the data and methods used in
calculations and demonstrate safety for the handling, packaging, transfer, and storage
conditions and in the nature of the immediate environment, under accident conditions.” 

Note:  If the SNF must have certain characteristics or behave in a specified manner to maintain
the required margins, a function is placed on the SNF.

10 CFR 72.128 states in part:  “Spent fuel storage  . . .  must be designed to ensure adequate 
safety under normal and accident conditions.  These systems must be designed with
(2) suitable shielding for radioactive protection under normal and accident conditions,
(3) confinement structures and systems . . . ” 

Note: If proper functioning of the shielding or containment requires that the SNF maintain its
configuration, then a function is placed on the SNF.  

Applicability

This guidance applies to reviews of dry cask storage systems and transportation casks
conducted in accordance with NUREG-1536, “Standard Review Plan for Dry Cask Storage
Systems”  (January 1997); NUREG-1567, “Standard Review Plan for Spent Fuel Dry Storage
Facilities” (March 2000); or NUREG-1617, “Standard Review Plan for Transportation Packages
for Spent Nuclear Fuel” (March 2000).  This revision of ISG-1 supersedes any definitions of
damaged, grossly damaged, or intact fuel in the above Standard Review Plans. 
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This revision supersedes ISG-1, Revision 1, “Damaged Fuel,” in its entirety, and is applicable to
both as-built and reconstituted fuel assemblies.  

Definitions

1. Spent Nuclear Fuel (SNF) - See 10 CFR Part 72.3 for definition.  This term has been used
in the nuclear industry, at different times, to mean the fuel pellets, the rod, or entire fuel
assembly.  Unless specifically modified, the term will refer to both the rods and fuel
assembly.

2. Damaged SNF - Any fuel rod or fuel assembly that cannot fulfill its fuel-specific or
system-related functions.

3. Undamaged SNF - SNF that can meet all fuel-specific and system-related functions.  As       
shown in Figure 1, undamaged fuel may be breached.  Fuel assembly classified as  
undamaged SNF may have “assembly defects.”

4. Breached spent fuel rod - Spent fuel rod with cladding defects that permit the release of gas
from the interior of the fuel rod.  A breached spent fuel rod may also have cladding defects
sufficient to permit the release of fuel particulate. A breach may be limited to a pinhole leak
or hairline crack, or may be a gross breach.

5. Pinhole leaks or hairline cracks - Minor cladding defects that will not permit significant
release of particulate matter from the spent fuel rod, and therefore present a minimal as-
low-as-is-reasonably-achievable concern, during fuel handling and retrieval operations. 
(See discussion of gross defects for size concerns.)

6. Grossly breached spent fuel rod - A subset of breached rods.  A breach in spent fuel
cladding that is larger than a pinhole leak or a hairline crack.  An acceptable examination for
a gross breach is a visual examination that has the capability to determine the fuel pellet
surface may be seen through the breached portion of the cladding.  Alternatively, review of
reactor operating records may provide evidence of the presence of heavy metal isotopes
indicating that a fuel rod is grossly breached. (See discussion for size concerns.)

7. Intact SNF - Any fuel that can fulfill all fuel-specific and system-related functions, and that is
not breached.  Note that all intact SNF is undamaged, but not all undamaged fuel is intact,
since under most situations, breached spent fuel rods that are not grossly breached will be
considered undamaged.

8. Can for Damaged Fuel - A metal enclosure that is sized to confine one damaged spent fuel
assembly.  A fuel can for damaged spent fuel with damaged spent-fuel assembly contents
must satisfy fuel-specific and system-related functions for undamaged SNF required by the
applicable regulations.
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9. Assembly Defect - Any change in the physical as-built condition of the assembly with the
exception of normal in-reactor changes such as elongation from irradiation growth or
assembly bow.  Examples of assembly defects:  (a) missing rods; (b) broken or missing
grids or grid straps (spacers); and (c) missing or broken grid springs, etc.  An assembly with
a defect is damaged only if it can't meet its fuel-specific and system-related functions
required by the applicable regulations. 

Note:  See Appendix for default definition of damaged SNF.

Background

Damaged Fuel
 
Previous definitions of damaged fuel have identified specific characteristics of the fuel that
classify it as damaged, irrespective of whether the fuel is being stored or transported and
independent of the design of the storage or transportation system.  In this guidance, damaged
fuel is defined in terms of the characteristics needed to perform the fuel-specific and
system-related functions.  Thus, the characteristics of damaged spent fuel may depend on (1)
whether the fuel is being stored or transported, and (2) the design of the storage or
transportation system.

The materials properties, and possibly the physical condition, of a fuel rod or assembly can be
altered during irradiation, storage, or transportation.  If this alteration is large enough to prevent
the fuel or assembly from performing its fuel-specific or system-related functions during 
storage, transportation, or both then the fuel assembly is considered damaged. 

To determine whether a fuel assembly is undamaged, the following should be delineated: 

1) Whether the definition is applicable to storage, transportation or both;

2) The functions the applicant has imposed on the fuel rods and assembly by either fuel-
specific or system-related functions to meet a regulatory requirement for the designated
phase (storage, transportation, or both); 

3) The mechanisms of change (alteration mechanisms) or the characteristics of the fuel that
could potentially cause the fuel to fail to meet its fuel-specific or system-related functions;

 
4) An acceptable analysis showing that the fuel with the designated characteristics will meet

the fuel-specific and system-related functions when the mechanisms considered in item #3,
above, are evaluated; and 

5) The physical characteristics of the fuel, based on item #4, above, that could cause the fuel
or assembly to be classified as "damaged."

The "Discussion" section illustrates this methodology in the example. 

Damaged SNF, as defined in this guidance, will only be approved for the activity (storage,
transportation, or both) for which the application is being submitted.  Note that the "default"
definition of damaged SNF, derived from ANSI N14.33-2005, is provided in the appendix of this
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guidance for those that do not want to perform the assessment outlined in item numbers 1
through 5 above [2].  The default definition, however, may not take full advantage of the
flexibility of the performance-based definition of damaged fuel provided in this guidance.  This
default definition may be more restrictive than necessary, depending on the design of the
storage or transportation cask.  For example, the default definition of damaged SNF indicates
that SNF must be classified as damaged if an individual fuel rod is missing from an assembly. 
However, if an analysis shows that all fuel-specific and system-related functions will be met
(e.g., subcriticality will be maintained, that the SNF assembly will be retrievable and that the
structural properties of the assembly are not compromised by the missing rod) the assembly
may be classified as undamaged, per this ISG.

Discussion

The performance-based definition [3,4] of damaged SNF provided in this ISG minimizes the
quantity of damaged fuel requiring alternative handling paths, while still addressing applicable
system-related regulations concerning criticality control, thermal limitations, structural integrity,
confinement, and shielding.
 
A. Grossly Breached SNF Cladding 

The regulations in 10 CFR 72.122(h) state “The spent fuel cladding must be protected during
storage against degradation that leads to gross ruptures or the fuel must be otherwise confined
such that degradation of the fuel during storage will not pose operational safety problems with
respect to its removal from storage.”  However, there is no such requirement in 10 CFR 71. 
Hence, grossly breached fuel is always considered damaged for storage, but may, or may not,
be considered damaged for the purposes of transportation depending on whether other
regulations, such as criticality, can be met.  

In dry cask storage and transportation systems, a gross cladding breach should be considered
as any cladding breach that could lead to the release of fuel particulate greater than the
average size fuel fragment.  A pellet is ~1.1 centimeters in diameter in 15 x 15
Pressurized-Water Reactor (PWR) assemblies.  Pellets from a Boiling-Water Reactor (BWR)
are somewhat larger, and those from 17 x 17 PWR assemblies are somewhat smaller. The
pellet's length is slightly longer than its diameter.  During the first cycle of irradiation in-reactor,
the pellet fragments into 25-35 smaller interlocked pieces, plus a small amount of finer powder,
due to, pellet-to-pellet abrasion.  When the rod breaches, about 0.1 gram of this fine powder
may be carried out of the fuel rod at the breach site [5].  Modeling the fragments as either
spherical- or pie-shaped pieces indicates that a cladding-crack width of at least 2-3 millimeters
would be required to release a fragment.  Hence, gross breaches should be considered to be
any cladding breach greater than 1 millimeter.

A review of reactor operating records, ultrasonic testing, and sipping (if done in a timely
fashion) can be used to classify rods as unbreached or, breached.  Evidence of only gaseous or
volatile decay products (no heavy metals) in the reactor coolant system is accepted as evidence
that a cladding breach is no larger than a pinhole leak or hairline crack.  Records that show the
presence of heavy metal isotopes that are characteristic of fuel release in the reactor coolant
system indicate gross breaches in the cladding.  Likewise, visual examination may also be used
to determine if a cladding breach is gross, if the breached rod can be positively identified. 
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Because cladding openings larger than 1 millimeter should expose the fuel pellet to visual
sighting, visual examination of the breached rod can be used to determine if a breach is gross.  
However, visual examination is not an acceptable method of confirming intact (undamaged) fuel
for assemblies that have indicated leakage.

It should be noted; however, that undamaged spent-fuel rods with pinhole leaks and/or hairline
cracks will expose the fuel pellets to the canister or cask atmosphere.  If that atmosphere is
oxidizing, then the fuel pellet may oxidize and expand, placing stress on the cladding.  The
expansion may eventually cause a large split in the cladding, resulting in spent fuel that must be
classified as damaged (for storage and possibly also for transportation) due to gross breaches
in the cladding.  Since fuel oxidation and cladding splitting follow Arrhenius time-at-temperature
behavior, fuel rods with pinholes or hairline cracks that are exposed to an oxidizing atmosphere
may experience this type of additional cladding damage.  ISG-22 “Potential Rod Splitting Due to
Exposure to an Oxidizing Atmosphere During Short-Term Cask Loading Operations in LWR or
other Uranium Oxide Based Fuels” [6] provides information regarding prevention of this
phenomenon. Before handling undamaged rods with pinhole leaks and/or hairline cracks in an
oxidizing atmosphere, the potential fuel and cladding degradation at the temperature of interest
for the duration of the process should be assessed.

B. Fuel Assembly with Defects

Damage under this guidance refers to alterations of the fuel assembly that prevent it from
fulfilling its fuel-specific or system-related functions.  Defects such as dents in rods, bent or
missing structural members, small cracks in structural members, missing rods, etc., need not
be considered damaged if the applicant can show that the fuel assembly with these defects still
fulfils its fuel-specific and system-related functions.  This may be done using calculations based
on approved codes, situation-specific data, or reasoned engineering arguments.

C. Canning Damaged Fuel 

Spent fuel that has been classified as damaged for storage must be placed in a can designed
for damaged fuel, or in an acceptable alternative.  The purpose of a can designed for damaged
fuel is to (1) confine gross fuel particles, debris, or damaged assemblies to a known volume
within the cask; (2) to demonstrate that compliance with the criticality, shielding, thermal, and
structural requirements are met; and (3) permit normal handling and retrieval from the cask. 
The can designed for damaged fuel may need to contain neutron-absorbing materials, if results
of the criticality safety analysis depend on the neutron absorber to meet the requirements of
10 CFR 72.124(a).

D. Relationship of Spent Fuel Populations

The applicant will designate the population of spent fuel for which the cask system was
designed (e.g., type of fuel, minimum cooling time, burnup limitations, arrays, manufacturers,
cladding types, etc.)  This population may contain breached rods.  Some of these breached
rods may be grossly breached.  It may also contain assemblies with defects, such as missing
rods, missing grid spacers, or damaged spacers.  The populations of breached rods, grossly
breached rods, and assemblies with defects are determined by in-reactor behavior and ex-
reactor handling. 
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Each of these populations must be classified as damaged or undamaged after the storage or
transportation system has been designated.  For example, an applicant might propose the use
of air as a cover gas in its design of a storage cask.  The applicant might also propose this cask
for use in storing spent fuel with cladding breaches that are hairline cracks or pinhole leaks. 
However, if the spent fuel in the cask will operate at a sufficiently high temperature for a long
enough time, then oxidation of fuel pellets in breached rods could occur resulting in gross
breaches.  If this is the case, the breached spent fuel should be considered damaged because
grossly breached rods do not meet the requirements of 10 CFR 72.122(h)(1).  Also, in this case
because the geometric form of the package contents could be substantially altered, the spent
fuel would also be classified as damaged for transportation because the requirements of 10
CFR 71.55(d)(2) might not be met.  If an inert atmosphere was used instead of air, only grossly
breached rods would be considered damaged for storage.  This concept is illustrated in Figure
1, "Relationship of Spent Fuel Populations."

Figure 1 - Relationship of Spent Fuel Populations
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E. Example of Methodology    
 
The following example is given to illustrate the general methodology adopted in this ISG.  This
is only an example of the methodology and should not be construed as approved
characterization of damaged fuel.  

Example: 

Situation - The vendor of a dual-purpose cask wants to store and transport low-burnup PWR
fuel in an inert atmosphere and within the temperature limits recommended in ISG-11,
Revision 3, “Cladding Considerations for the Transportation and Storage of Spent Fuel” [7]. 
The vendor wants to store assemblies having rods with breaches containing only pinholes or
hairline cracks, and assemblies having one or more outer grid straps with defects at three or
more grid locations without canning them.  The vendor is only applying for a storage license at
this time but wants to be reasonably certain that the fuel will also be transportable.

Activity - Storage and transportation

Fuel-specific or system-related functions imposed on rods and assemblies - 10 CFR
72.122(h)(1), regarding gross ruptures, and 10 CFR 72.122(l), concerning retrievability, must be
met for storage.  10 CFR 71.55(d), requiring the system to remain subcritical and unchanged
during normal transport, must be met.  The vendor believes that all the remaining system
requirements, except for the subcriticality requirement, can be met, without imposing any
limitations on the fuel, if the fuel is within the bounds stated in the situation. 

Mechanisms - There are no mechanisms for the pinhole leaks and hairline cracks to evolve into
gross breaches since the atmosphere is inert and the temperature is controlled.  To be
retrievable, the assemblies with missing grid straps must be able to withstand design basis
events in a storage cask.  Since the applicant also wants these assemblies to be considered
undamaged for transportation, the behavior of the assemblies under both normal and
hypothetical accident transportation conditions in 10 CFR 71 must be evaluated.  For example,
for normal transportation conditions, the applicant must show that the assemblies with the most
missing grid straps in the worst locations can withstand both normal vibration and a one-foot
drop and remain in their original physical configuration.  Additionally, for hypothetical accident
conditions, the analysis must indicate, among other things, that the system will meet shielding
and subcriticality requirements when placed under the mechanical and thermal loads specified
in 10 CFR 71.

Analysis - The applicant conducts an analysis to satisfactorily demonstrate that the assembly
with three missing grid straps in the worst configuration remains intact for 1) normal 
transportation conditions; 2) cask tip-over; and 3) regulatory accident conditions.  Further
acceptable analysis indicates that all the system-related regulations are met, if the fuel with the
characteristic limitations (as noted in Characteristics section below), stays structurally intact.

Characteristics - Assemblies containing breached rods with up to three grid straps missing will
be considered undamaged for the purposes of storage.  Analysis shows that these assemblies
could probably also be considered undamaged for transportation, but fuel with these
characteristics will be evaluated and approved as part of a later application for the
transportation cask certification.
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Records

Records documenting the classification of spent fuel shall comply with the provisions of
10 CFR 72.174, “Quality Assurance Records”; 10 CFR 72.72, “Material Balance, Inventory,
and Records Requirements for Stored Material”; 10 CFR 71.91, “Records”; and 10 CFR 71.135, 
“Quality Assurance Records.”  Inspection records will be maintained for the lifetime of the
container.  

Quality Assurance

Activities related to inspection, evaluation, and documentation of damaged spent fuel for dry
storage shall be performed in accordance with a quality assurance program, as required in 
10 CFR Part 72, Subpart G, “Quality Assurance.”  Activities related to inspection, evaluation,
and documentation of damaged spent fuel for transport shall be performed in accordance with a
quality assurance program, as required in 10 CFR Part 71, Subpart H, “Quality Assurance.”

Recommendations

The staff recommends that:  (1) the definitions in NUREG-1536, NUREG-1567, NUREG-1617,
ISG-8, Revision 2 and ISG-11, Revision 3 be revised to incorporate the definitions listed above;
and (2) the appropriate chapters of each NUREG be revised to include the discussion section of
this ISG.

In addition, the suggestion in NUREG-1617 (canning damaged fuel is necessary for the
purposes of transportation) should be modified to be consistent with this ISG, nothing that
canning damaged fuel may, in some cases, be necessary to meet the requirements of 10 CFR
Part 71.

The words “intact fuel,” in the Applicability section of Revision 2 of ISG-8, “Burnup Credit in the
Criticality Safety Analyses of PWR Spent Fuel in Transport and Storage Casks,” should be
replaced with “undamaged fuel.”  “Intact commercial spent fuel" in the last paragraph of the
“Issue” section of Revision 3 of ISG-11, “Cladding Considerations for the Transportation and
Storage of Spent Fuel,” should read “undamaged commercial spent fuel.”  The first sentence of
the Issue Section of ISG-22 should be modified to be consistent with the current definitions. 
“Rev 1,” should be changed to “Rev 2,” with the new title to ISG-1 Rev 2 and “intact fuel” should
be changed to “unbreached fuel.”

Approved :
/RA/                                                May 11, 2007                                    
E. William Brach, Director Date
Division of Spent Fuel Storage
  and Transportation

Attachment:  Appendix
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APPENDIX

Default Definition of Damaged Fuel2 

“Default” definition of damaged Spent Nuclear Fuel (SNF) - SNF assemblies must be classified
as damaged, for both dry storage and/or transportation purposes, if any one of the following
conditions exist:  

On removal of SNF selected for dry storage or transport from the spent fuel pool, any of the
following apply:

 
1. There is visible deformation of the rods in the SNF assembly.  Note:  This is not

referring to the uniform bowing that occurs in the reactor.  This refers to bowing that
significantly opens up the lattice spacing. 

2. Individual fuel rods are missing from the assembly.  Note: The assembly may be
reclassified as intact if a dummy rod that displaces a volume equal to, or greater than,
the original fuel rod, is placed in the empty rod location.

3. The SNF assembly has missing, displaced, or damaged structural components such
that either: 

3.1 Radiological and/or criticality safety is adversely affected (e.g.,
significantly changed rod pitch).

3.2 The assembly cannot be handled by normal means (i.e., crane and
grapple).

4. Reactor operating records (or other records) indicate that the SNF assembly contains
fuel rods with gross breaches.

5. The SNF assembly is no longer in the form of an intact fuel bundle (e.g., consists of, or
contains, debris such, as loose fuel pellets or rod segments).
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