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May 23, 2000

U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852-2738

Attn: Document Control Desk
Subject: Docket No. 72-1025
Submittal of NAC-MPC FSAR, Revision 0 (TAC No. L22907)

Reference: 1. Submittal of Changed Pages for Revision 5 of the NAC-MPC SAR, NAC
International, January 5, 2000

2. Certificate of Compliance for the NAC International, Inc, Multi-Purpose
Canister (MPC) System, United States Nuclear Regulatory Commission,
March 17, 2000

In accordance with the requirements of 10 CFR 72.248(a)(1), NAC herewith provides the NAC-
MPC Final Safety Analysis Report (FSAR), Revision 0, for the NAC-MPC System approved by
Reference 2. This FSAR is based on the safety analysis report submitted with the initial application
and includes all changes through Reference 1, which were incorporated during the review process.
The FSAR reflects all of the requirements contained in Reference 2.

If you have any comments or questions, please contact me or Jim Ballowe at (770) 447-1144.
Sincerely,

I

Thomas C. Thompson
Director, Licensing & Competitive Assessment
Engineering & Design Services

cc: Joseph McCumber DE&S

ED20000671.doc
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1.0 GENERAL DESCRIPTION

NAC International Inc. (NAC) has designed a Multi-Purpose Canister system (NAC-MPC) for
the long-term storage of spent nuclear fuel. The NAC-MPC system consists of a transportable

storage canister, vertical concrete cask, and a transfer cask.

The transportable storage canister is designed and fabricated to meet the requirements for
transport in the NAC Storable Transport Cask (NAC-STC) and to be compatible with the U.S.
Department of Energy MPC Design Procurement Specification so as not to preclude the
possibility of permanent disposal in a deep Mined Geological Disposal System.

In long-term storage, the transportable storage canister is installed in a vertical concrete cask,
which provides passive radiation shielding and natural convection cooling. The vertical concrete
storage cask also provides protection during storage for the transportable storage canister under
adverse environmental conditions. The NAC-MPC employs a double-welded closure design to
preclude loss of contents and to preserve the general health and safety of the public during

long-term storage of spent fuel.

The transfer cask is used to move the transportable storage canister from the work stations where
the canister is loaded and closed to the vertical concrete cask. It is also used to transfer the

canister from the vertical concrete cask to the NAC-STC for transport.

This Safety Analysis Report demonstrates the ability of the NAC-MPC System to satisfy the
Nuclear Regulatory Commission (NRC) requirements for the storage of spent fuel, as prescribed
by 10 CFR 72.

This chapter provides a general description of the major components of the system and a
description of the system operation. The terminology used throughout this report is summarized
in Table 1-1. Table 1-2 provides a compliance matrix to the regulatory requirements and
acceptance criteria specified in NUREG-1536. This matrix describes how the NAC-MPC Safety
Analysis Report (SAR) complies with each requirement and criterion listed in NUREG-1536.
Table 12A4-1 provides a list of the exceptions from the American Society of Mechanical
Engineers Boiler and Pressure Vessel Code (ASME Code) for the canister.
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Table 1-1 Terminology

NAC-STC Cask

Confinement System
Transportable Storage

Canister (Canister)

Contents

Yankee Class Spent
Fuel

Reconfigured Fuel
Assembly (RFA)

Intact Fuel Assembly

The licensed spent-fuel transport cask consisting of a spent fuel
storable transport cask body with dual closure lids and energy-
absorbing impact limiters (Certificate of Compliance No. 71-9235).

The components of the transportable storage canister intended to
retain the radioactive material during storage.

The stainless steel cylindrical shell, bottom end plate, shield lid, and
structural lid that holds the spent fuel in the canister basket.

Up to 36 intact Yankee Class pressurized-water reactor (PWR) spent
fuel assemblies and Reconfigured Fuel Assemblies to a maximum
total contents weight of 30,600 pounds in the transportable storage
canister.

Fuel that includes United Nuclear Type A and Type B, Combustion
Engineering Type A and Type B, Exxon-ANF Type A and Type B,
and Westinghouse Type A and Type B spent fuel assemblies.

A stainless steel container having the same external dimensions as a
standard Yankee Class spent fuel assembly that ensures criticality
control geometry and which permits gaseous and liquid media to
escape while minimizing dispersal of gross particulates. The
reconfigured fuel assembly may contain a maximum of 64 intact fuel
rod, damaged fuel rods or fuel debris from any type of Yankee Class
spent fuel assembly.

A fuel assembly without known or suspected cladding defects greater
than a pinhole leak or a hairline crack and which can be handled by
normal means. A partial fuel assembly is a fuel assembly from
which fuel rods are missing. A partial fuel assembly shall not be
classified as an intact fuel assembly unless solid Zircaloy or stainless
steel rods are used to displace an amount of water equal to that
displaced by the original fuel rod(s).
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Table 1-1 Terminology (Continued)

Intact Fuel Rod

Damaged Fuel

Assembly

Damaged Fuel Rod

Fuel Debris

Canister Basket

- Support Disk

- Heat Transfer
Disk

- Fuel Tube

- Tie Rod

- Split Spacer

A fuel rod without known or suspected cladding defects greater than

a pinhole leak or a hairline crack.

A fuel assembly with known or suspected cladding defects greater
than a hairline crack or a pinhole leak.

A fuel rod with known or suspected cladding defects greater than a
hairline crack or a pinhole leak.

Fuel in the form of particles, loose pellets and fragmented rods or

assemblies.

The structure placed in the transportable storage canister to support
the fuel assemblies (fuel basket).

A circular stainless steel plate with square holes machined in a
symmetrical pattern that provides the primary lateral load-bearing
component of the canister basket.

A circular aluminum plate with square holes machined in a
symmetrical pattern. The heat transfer disk enhances heat transfer in
the fuel basket.

A stainless steel tube having a square cross-section and BORAL

neutron poison material on its exterior surfaces.

A stainless steel rod used to align the supports disks and heat transfer
disks in the fuel basket structure.

Spacers installed on the tie rod between the support disks to properly
position, and provide axial support for, the support disks and the heat
transfer disks.
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Table 1-1  Terminology (Continued)

Shield Lid

- Drain Port

- Vent Port

- Port Cover

- Quick Disconnect

Structural Lid

Vertical Concrete
Cask

(Concrete Cask)
(Storage Cask)

- Shield Plug

- Lid

The primary confinement boundary for the canister. It is located
directly above the canister basket.

A penetration located in the shield lid to permit draining of the
canister cavity.

A penetration located in the shield lid to aid in draining and
backfilling the canister cavity.

The stainless steel covers that close the vent and drain ports, which
are welded in place following draining, drying, and backfilling

operations.

The quick-disconnect valved nipple used in the vent and drain ports
to facilitate operations.

The secondary confinement boundary for the canister. The structural
lid provides the lifting point for the loaded canister.

A reinforced concrete cylinder closed at the top end by a shield plug
and lid that holds the transportable storage canister during storage.
The vertical concrete cask is formed around a steel inner liner and
base.

A thick carbon steel plug installed in the top end of the storage cask
to reduce skyshine radiation. The shield plug contains a one-inch
thick neutron shield.

A thick carbon steel bolted closure for the storage cask. The lid
precludes access to the canister and provides additional radiation
shielding.
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Table 1-1  Terminology (Continued)

- Liner

- Base

Transfer Cask

- Lifting Trunnions

Adapter Plate

Margin of Safety

A thick carbon steel shell that forms the annulus of the concrete
storage cask. The liner serves as the inner form during concrete
pouring and provides radiation shielding of the canister contents.

A carbon steel weldment that contains the inlet air vents, the storage
cask jacking points, and the pedestal that supports the canister inside

the storage cask.

A shielded lifting device for the empty and loaded canister. It is used
for the vertical transfer of the canister between work stations and the
storage cask or the transport cask. The transfer cask incorporates
bottom doors that permit the vertical loading of the storage and

transport casks.
Two carbon steel trunnions used to lift and move the transfer cask.

A carbon steel plate that attaches to the top of the transport or storage
cask to facilitate the installation and alignment of the transfer cask. It
also provides the operating mechanism for the transfer cask bottom

doors.

%

An analytically determined value defined as the “factor of safety
minus 1. Factor of safety is also analytically determined and is
defined as the allowable stress of a material divided by its actual

(calculated) stress.
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Table 1-2 NUREG-1536 Compliance Matrix

Chapter 1 — General Description

Area

Requirement

Acceptance Criteria

Description of Compliance

1. General Description and
Operational Features

The application must present a general
description and discussion of the DCSS,
with special attention to design and
operating characteristics, unusual or novel
design features, and principal safety
considerations. [10 CFR Part 72.24(b)]

The applicant should provide a broad
overview and a general, non-proprietary
description (including illustrations) of the
DCSS, clearly identifying the functions of
all components and providing a list of
those components classified by the
applicant as being “important to safety.”

A general description of the system is
provided in Section 1.2.

2. Drawings

Structures, systems, and components
(SSCs) important to safety must be
described in sufficient detail to enable
reviewers to evaluate their effectiveness.
[10 CFR Part 72.24(c)(3)]

The applicant should provide non-
proprietary drawings of the storage
system, of sufficient detail, that an
interested party can ascertain its major
design features and general operations.

Drawings of the system are provided in
Section 1.5. Safety classifications are
provided in Table 2.3-1

3. DCSS Contents

The applicant must provide specifications
for the contents expected to be stored in
the DCSS (normally spent fuel). These
specifications may include, but not be
limited to, type of spent fuel (i.e., boiling-
water reactor [BWR], pressurized-water
reactor [PWR], or both), maximum
allowable enrichment of the fuel before
any irradiation, burnup (i.e., megawatt-
days/metric ton Uranium), minimum
acceptable cooling time of the spent fuel
before storage in the DCSS (aged at least
1 year), maximum heat designed to be
dissipated, maximum spent fuel loading
limit, condition of the spent fuel (i.e.,
intact assembly or consolidated fuel rods),
weight and nature of non-spent fuel
contents, and inert atmosphere
requirements. [ 10 CFR Part 72.2(a)(1)
and 10 CFR Part 72.236(a)]

The applicant should characterize the fuel
and other radioactive wastes expected to
be stored in the DCSS. If the potential
exists that the DCSS will be used to store
degraded fuel, the SAR should include a
discussion of how the sub-criticality and
retrievability requirements will be
maintained.

A description of the contents to be stored
is presented in Section 1.2.3.
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Table 1-2

NUREG-1536 Compliance Matrix (Continued)

Chapter 1 — General Description

Area

Requirement

Acceptance Criteria

Description of Compliance

4. Qualifications of the
Applicant

The application must include the technical
qualifications of the applicant to engage
in the proposed activities. Qualifications
should include training and experience.
[10 CER Part 72.24(j), 10 CFR Part
72.28(a)]

The reviewer should ensure that the
applicant has clearly identified the roles
and responsibilities that the DCSS
designer, vendor, and other agents, such
as potential licensees, fabricators, and
contractors will have in the review
process. Verify that the applicant has
provided clear evidence demonstrating
that they are qualified to engage in the
proposed activities. In addition, verify
that the applicant has delineated the
responsibilities for all those who will be
involved in the construction and operation
of the DCSS if known. The reviewer
should ensure that the applicant has
specifically defined activities, which they
will not perform.

Applicant qualifications are discussed in
Section 1.3.

5. Quality Assurance

The safety analysis report (SAR) must
include a description of the applicant’s
quality assurance (QA) program, with
reference to implementing procedures.
This description must satisfy the
requirements of 10 CFR Part 72, Subpart
G, and must be applied to DCSS SSC that
are important to safety throughout all
design, fabrication, construction, testing,
operations, modifications and
decommissioning activities. These
implementing procedures need not be
explicitly included in the application. [10
CFR Part 72.24(n)]

Verify that the applicant has described the
proposed QA program, citing the
applicable implementing procedures. This
description should satisfy all requirements
of 10 CFR Part 72, Subpart G, that apply
to the design, fabrication, construction,
testing, operation, modification, and
decommissioning of the DCSS SSCs that
are important to safety.

Applicant QA program is presented in
Chapter 13.

6. Consideration of 10 CFR
Part 71 Requirements
Regarding Transportation

If the DCSS under consideration has
previously been reviewed and certified for
use as a transportation cask, the
application must include a copy of the
Certificate of Compliance issued for the
DCSS under 10 CFR Part 71, including
drawings and other documents referenced
in the certificate. [10 CFR 72.230(b)]

If the DCSS under review has previously
been evaluated for use as a transportation
cask, the submittal should include the Part
71 Certificate of Compliance and
associated documents.

The transport SAR and Certificate of
Compliance are discussed in Section
1.2.1.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 2 - Principal Design Criteria

Area

Requirement

Acceptance Criteria

Description of Compliance

1. Structures, Systems, and
Components Important
to Safety

The applicant must identify all SSC that
are important to safety, and describe the
relationships of non-important to safety
SSC on overall DCSS performance.

{10 CFR 72.24(c)(3) and 72.44(d)]

The applicant must specify the design
bases and criteria all SSC that are
important to safety. [10 CFR 72.24(c)(1),
72.24(c)(2), 72.120(a), and 72.236(b)]

The applicant should discuss the general
configuration of the DCSS, and should
provide an overview of specific
components and their intended functions.
In addition, the applicant should identify
those componeats deemed to be important
to safety, and should address the safety
functions of those components in terms of
how they meet the general design criteria
and regulatory requirements discussed
above. Additional information
concerning specific functional
requirements for individual DCSS
components are addressed in the
subsequent chapters of this SRP.

The safety classification of system
components are described in Table 2.3-1.

The design bases and criteria for the
system are specified in Table 2-1.
Detailed design criteria are presented in
Section 2.2

e

1-8




(

NAC-MPC FSAR
Docket No. 72-1025

April 2000
Revision 0

Table 1-2

NUREG-1536 Compliance Matrix (Continued)

Chapter 2 - Principal Design Criteria

Area

Requirement

Acceptance Criteria

Description of Compliance

2. Design Bases for
Structures, Systems, and
Components Important to
Safety

a. Spent Fuel Specifications

The applicant must provide the range of
specifications for the spent fuel to be stored in
the DCSS. These specifications should
include, but are not to be limited to: the type
of spent fuel (i.e., boiling-water reactor
[BWR], pressurized-water reactor [PWR], or
both); content, weight, dimensions and
configurations of the fuel; maximum
allowable enrichment of the fuel before any
irradiation; maximum fuel bumup (i.e.,
megawatt-days/MTU); minimum acceptable
cooling time of the spent fuel before storage in
the DCSS (aged at least 1 year); maximum
heat load to be dissipated; maximum spent
fuel elements to be loaded; spent fuel
condition (i.e., intact assembly or consolidated
fuel rods); and any inerting atmosphere
requirements. [10 CFR 72.2(a)(1) and
72.236(a)]

Detailed descriptions of each of the items listed
below are generally found in specific sections of
the SAR; however, a brief description of these
areas, including a summary of the analytical
techniques used in the design process, should
also be captured in Section 2 of the SAR. This
description gives reviewers a perspective on
how specific DCSS components interact to meet
the regulatory requirements of 10 CFR Part 72.
This discussion should be non-proprietary,

since it may be used to familiarize interested
persons with the design features and bounding
conditions of operation of a given DCSS.

The applicant should define the range and types
of spent fuel or other radioactive materials that
the DCSS is designed to store. In addition,
these specifications should include, but are not
to be limited to, the type of spent fuel (i.e.,
boiling-water reactor [(BWR], pressurized-
water reactor [PWR], or both), weights of the
stored materials, dimensions and configurations
of the fuel, maximum allowable enrichment of
the fuel before any irradiation, burnup (i.e.,
megawatt-days/MTU), minimum acceptable
cooling time of the spent fuel before storage in
the DCSS (aged at least 1 year), maximum heat
designed to be dissipated, maximum number of
spent fuel elements, condition of the spent fuel
(i.e., intact assembly or consolidated fuel rods),
inerting atmosphere requirements, and the
maximum amount of fuel permitted for storage
in the DCSS. For DCSSs that will be used to
store radioactive materials other than spent fuel,
that is, activated components associated with a
spent fuel assembly (e.g., control rods, BWR
fuel channels), the applicant should specify the
types and amounts of radionuclides, heat
generation and the relevant source strengths and
radiation energy spectra permitted for storage in
the DCSS.

Specifications of the spent fuel contents are
provided in Section 2.1. Specific physical
parameters of the fuel are histed in Table 2.1-1.
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Table 1-2

NUREG-1536 Compliance Matrix (Continued)

Chapter 2 - Principal Design Criteria

Area

Requirement

Acceptance Criteria

Description of Compliance

2. Design Bases for
Structures, Systems, and
Components Important to
Safety

b. External Conditions

The design bases for SSC important to
safety must reflect an appropriate
consideration of environmental conditions
associated with normal operations, as well
as design considerations for both normal
and accident conditions and the effects of
natural phenomena events.

{10 CFR 72.122(b)]

The SAR should define the bounding
conditions under which the DCSS is
expected to operate. Such conditions
include both normal and off-normal
environmental conditions, as well as
accident conditions. In addition, the
applicant should consider the effects of
natural events, such as tornadoes,

earthquakes, floods, and lightning strikes.

The effects of such events are addressed
in individual chapters of the SRP (e.g.,
the effects of an earthquake on the DCSS
structural components are addressed in
Chapter 3, “Structural Analysis™).

The environmental conditions and natural
phenomena considered as design bases
are described in Section 2.2.

3. Design Criteria for Safety
Protection Systems

a. General

The DCSS must be designed to safely
store the spent fuel for a minimum of 20

years and to permit maintenance as
required. {10 CFR 72.236(g)]

SSC important to safety must be designed,
fabricated, erected, and tested to quality
standards commensurate with the
importance to safety of the function to be
performed. [10 CFR 72.122(a)]

The applicant must identify all codes
and standards applicable to the SSC.
(10 CFR 72.24(c)(4)]

The SAR should define an expected
lifetime for the cask design. The staff has

accepted a minimum of 20 years as

consistent with the licensing period. The
applicant should also briefly describe the
proposed quality assurance (QA)
program, and applicable industry codes
and standards that will be applied to the
design, fabrication, construction, and
operation of the DCSS.

In establishing normal and off-normal
conditions applicable to the design
criteria for DCSS designs, applicants
should account for actual facility
operating conditions. Design
considerations should therefore reflect
normal operational ranges, including any
seasonal variations or effects.

The codes and standards of design and
construction of the system are specified in
Section 3.1.2.

e
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Table 1-2

NUREG-1536 Compliance Matrix (Continued)

Chapter 2 - Principal Design Criteria

Area

Requirement

Acceptance Criteria

Description of Compliance

3. Design Criteria for Safety
Protection Systems

b. Structural

SSC that are important to safety must be
designed to accommodate the combined
loads of normal operations, accidents, and
natural phenomena events with an
adequate margin of safety. [10 CFR
72.24(c)(3), 72.122(b), and 72.122(c))]

The design-basis earthquake must be
equivalent to or exceed the safe shutdown
earthquake of a nuclear plant at sites
evaluated under 10 CFR Part 100. [10
CFR 72.102(H)]

The DCSS must maintain confinement of
radioactive material within the limits of
10 CFR Part 72 and Part 20, under
normal, off-normal, and credible accident
conditions. [10 CFR 72.236(1)]

The DCSS must be designed and
fabricated so that the spent fuel is
maintained in a subcritical condition all
under all credible normal, off-normal, and
accident conditions. [10 CFR 72.124(a)
and 72.236(c)]

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. [10 CFR
72.122(h)(1)]

Storage systems must be designed to
allow ready retrieval of spent fuel waste
for further processing or disposal.

[10 CFR 72.122(D)]

The SAR should define how the DCSS
structural components are designed to
accommodate combined normal, off-
normal, and accident loads, while
protecting the DCSS contents from
significant structural degradation,
criticality, and loss of confinement, while
preserving retrievability. This discussion
is generally a summary of the analytical
techniques and calculational results from
the detailed analysis discussed in SAR
Section 3 and should be presented in a
non-proprietary forum.

A discussion of the structural design
criteria are presented in Section 2.2.
Combined loadings are addressed
specifically in Section 2.2.5 and in Tables
2.2-2 and 2.2-3.

The design-basis earthquake is specified
in Section 2.2.3 in accordance with 10
CFR 72.102 criteria.

Because the system maintains adequate
margins of safety during normal (Section
3.4.4.1), off-normal (Section 11.1) and
accident condition (Section 11.2) events,
confinement of the radioactive material is
assured.

Because the system maintains adequate
structural margins of safety during
normal, off-normal and accident condition
events, criticality control is assured based
on the analyses presented in Chapter 6.

The maximum allowable cladding
temperatures are specified in Tables 2-1
and 4.1-3. The temperature results for the
fuel cladding listed in Table 4.1-4 show
that the allowable cladding temperatures
are not exceeded. Therefore, the fuel
cladding is protected against degradation
during storage.

As described in Section 1.2, the system is
designed to be readily transported as
necessary for further processing or
disposal.
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Table 1-2

NUREG-1536 Compliance Matrix (Continued)

Chapter 2 - Principal Design Criteria

Area

Requirement

Acceptance Criteria

Description of Compliance

3. Design Criteria for Safety
Protection Systems

¢. Thermal

Each spent fuel storage or handling
system must be designed with a heat
removal capability having testability and
reliability consistent with its importance
to safety. [10 CFR 72.128(a)(4)]

The DCSS must be designed to provide
adequate heat removal capacity without
active cooling systems. [10 CFR
72.236(f)]

The applicant should provide a general
discussion of the proposed heat removal
mechanisms, including the reliability and
verifiability of such mechanisms and any
associated limitations. All heat removal
mechanisms should be passive and
independent of intervening actions under
normal and off-normal conditions.

The testability of the heat removal
capability of the storage system is
described in Section 2.3.3.2. The
reliability of the heat removal system is
demonstrated in Chapter 4, and operating
limits are established in Chapter 12
consistent with the temperature
monitoring and routine surveillance
described in Section 2.3.3.2 to ensure
continued safe operation.

As shown in Table 4.1-4, the storage
system provides adequate heat removal
through the passive cooling design
features described in Section 1.2.1.2.
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Table 1-2

NUREG-1536 Compliance Matrix (Continued)

Chapter 2 - Principal Design Criteria

Area

Requirement

Acceptance Criteria

Description of Compliance

3. Design Criteria for Safety
Protection Systems

d. Shielding/Confinement/
Radiation Protection

The proposed DCSS design must provide
radiation shielding and confinement features that
are sufficient to meet the requirements of 10 CFR
72.104 and 72.106. [10 CFR 72.126(a),
72.128(a)(2), 72.128(a)(3), and 72.236(d)]

During normal operations and other anticipated
occurrences, the annual dose equivalent o 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 organ as a result of exposure to
(1) planned discharges to the general environment
of radioactive materials except radon and its
decay products, (2) direct radiation from
operations of the ISFSI or monitored retrievable
storage (MRS), and (3) any other radiation from
uranium fuel ?cle operations within the rfifion.
[10 CFR 72.24(d), 72.104(a), and 72.236(d)]

Any individual located at or beyond the nearest
boundary of the controlled area shall not receive a
dose greater than 5 rem to the whole body or any
organ from any design-basis accident. The
minimum distance from the spent fuel handling
and storage facilities to the nearest boundary of
the controlled area shall be 100 meters. [10 CFR
72.24(d), 72.24(m), 72.106(b), and 36(d)]

The DCSS must be designed to provide
redundant sealing of confinement systems.
[10 CFR 72.236(e)]

Storage confinement systems must have the
capability for continuous monitoring in a manner
such that the licensee will be able to determine
when corrective action needs to be taken to
maintain safe storage conditions. [10 CFR
72.122(h)(4) and 72.128(a)(1)]

The DCSS design must include inspections,
instrumentation and/or control (I&Scsystems to
monitor the SSC that are important to safety over
anticipated ranges for normal and off-normal
operation. In addition, the applicant must identify
those control systems that must remain
operational under accident conditions. [10 CFR
72.1223)]

The applicant should describe those features
of the cask that protect occupational workers
and members otpthe public against direct
radiation dosages and releases of radioactive
material, and minimize the dose after any off-
normal or accident conditions.

The confinement design features are described
in Section 2.3.2.1, while the radiation
shielding design features are described in
Section 2.3.5.

Section 10.4 presents the necessary minimum
site boundary distances from an array of
loaded storage systems to meet the controlled
area dose limits.

As stated in Section 10.2.2, there is no
ostulated accident condition that would result

1n a release of radioactive materials.

Therefore, the accident dose limit is met.

The redundant sealing features of the
confinement system are presented in Section
23.2.1.

As described in Section 2.3.1, the system is
passive and can operate through all postulated
normal, off-normal, and accident events while
maintaining safe storage conditions for the
fuel. As specified in Appendix 12A, Section
3.1.7, temperature monitoring is utilized to
verify that the systems operating conditions
are maintained.

Appendix 12A, Section 3.1.7 and Section 12.4
specify the surveillance requirements for the
system under normal conditions and after an
accident, respectively. These activities are
specified to ensure that the system is operated
within its design parameters at all times.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 2 - Principal Design Criteria

Area

Requirement

Acceptance Criteria

Description of Compliance

3. Design Criteria for Safety
Protection Systems

e. Criticality

Spent fuel transfer and storage systems
must be designed to remain subcritical
under all credible conditions. [10 CFR
72.124(a) and 72.236(c)]

When practicable, the DCSS must be
designed on the basis of favorable
geometry, permanently fixed neutron-
absorbing materials (poisons), or both.
Where solid neutron-absorbing materials
are used, the design shall allow for
positive means to verify their continued
efficacy. [10 CFR 72.124(b)]

The SAR should address the mechanisms
and design features that enable the DCSS
to maintain spent fuel in a subcritical
condition under normal, off-normal, and
accident conditions.

The criticality safety design criteria for
the system are presented in Section 2.3.4.
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Table 1-2

NUREG-1536 Compliance Matrix (Continued)

Chapter 2 - Principal Design Criteria

Area

Requirement

Acceptance Criteria

Description of Compliance

3. Design Criteria for Safety
Protection Systems

f. Operating Procedures

The DCSS must be compatible with wet
or dry spent fuel loading and unloading
procedures. [10 CFR 72.236(h)]

Storage systems must be designed to
allow ready retrieval of spent fuel for
further processing or disposal. [10 CFR
72.122(1)]

The DCSS must be designed to minimize
the quantity of radioactive waste
generated. [10 CFR 72.24(f) and
72.128(a)(5)]

The applicant must describe equipment
and processes proposed to maintain
control of radioactive effluents. [10 CFR
72.24(1)(2)]

To the extent practicable, the DCSS must
be designed to facilitate decontamination.
{10 CFR 72.236(D)]

The applicant must establish operational
restrictions to meet the limits defined in
10 CFR Part 20 and to ensure that
radioactive materials in effluents and
direct radiation levels associated with
ISFSI operations will remain as low as is
reasonably achievable (ALARA).

{10 CFR 72.24(e) and 72.104(b)]

The applicant should provide potential
licensees with guidance regarding the
content of normal, off-normal, and
accident response procedures. Cautions
regarding both loading, unloading, and
other important procedures should be
mentioned here. Applicants may choose
to provide model] procedures to be used as
an aid for preparing detailed site-specific
procedures.

The operating procedures for the system
are presented in Chapter 8 and include
procedures for wet and dry loading and
unloading operations.

The procedures include methods for
retrieving the spent fuel after storage for
off-site transport or for return to the spent
fuel pool.

The decommissioning considerations of
the system are described in Section 2.4.
Operation of the system generates no
radioactive waste, other than a limited
amount of protective clothing and tools
used during loading operations that could
be easily disposed or decontaminated.

The radiation protection design features
of the system are presented in Section
2.3.5. Operating procedures for the
system include provisions for controlling
potential effluents from the system.

The canister is designed to facilitate
decontamination, as described in Section
2.35.3.

Fuel assembly specifications are provided
in Appendix 12A, Section 2.1.1 to ensure
that doses from effluents and direct
radiation are maintained ALARA.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)
Chapter 2 - Principal Design Criteria
Area Requirement Acceptance Criteria Description of Compliance
3. Design Criteria for Safety | The DCSS design must permit testing and | The applicant should identify the general | The acceptance tests and maintenance of
Protection Systems maintenance as required. [10 CFR commitments and industry codes and the system are listed in Chapter 9,

g. Acceptance Tests and
Maintenance

72.236(g)]

SSC that are important to safety must be
designed, fabricated, erected, tested, and
maintained to quality standards
commensurate with the importance to
safety of the function to be performed.
[10 CFR 72.24(c), 72.122(a), 72.122(f),
and 72.128(a)(1)]

standards used to derive acceptance,
maintenance, and periodic surveillance
tests used to verify the capability of
DCSS components to perform their
designated functions. In addition, the
applicant should discuss the methods used
to assess the need for such tests with
regard to specific components.

including the associated commitment,
industry standard or NRC regulation.

3. Design Criteria for Safety
Protection Systems

h. Decommissioning

The DCSS must be compatible with wet
or dry unloading facilities. [10 CFR
72.236(h)]

The DCSS must be designed for
decommissioning. Provisions must be
made to facilitate decontamination of
structures and equipment and to minimize
the quantity of radioactive wastes,
contaminated equipment, and
contaminated materials at the time the
ISFSI is permanently decommissioned.
[10 CFR 72.24(f), 72.130, and 72.236(1)]

The applicant must provide information
concerning the proposed practices and
procedures for decontaminating the site
and facilities and for disposing of residual
radioactive materials after all spent fuel
has been removed. Such information
must provide reasonable assurance that
decontamination and decommissioning
will adequately protect the health and
safety of the public. [10 CFR 72.24(q)
and 72.30(a)]

Casks should be designed for ease of
decontamination and eventual
decommissioning. The applicant should
describe the features of the design that
support these two activities.

Decommissioning of the system is
discussed in Section 2.4.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 3 — Structural Evaluation

Area Regulatory Requirement

Description of Compliance

1. Structures, Systems, and Structures, systems, and components (SSC) important to safety must
Components Important to | meet the regulatory requirements established in 10 CFR 72.24(c)(3)
Safety and (4), as well as 10 CFR 72.122(a), (b), and (c).

10 CFR 72.24(c)(3) Contents of Application: Descriptions of
Components Important to Safety

10 CFR 72.24(c)(4) Contents of Application: Applicable Codes
and Standards

10 CFR 72.122(a)  Overall Requirements: Quality Standards

10 CFR 72.122(b)  Overall Requirements: Protection Against
Environmental Conditions and natural

Phenomena

10CFR 72.122(c)  Overall Requirements: Protection Against
Fires and Explosions

Component descriptions are provided in Section 1.2.
Description of the structural design is provided in Section
3.1.1.

The applicable codes and standards are specified in
Sections 3.1.1 and 3.1.2.

The quality standards of the system are provided in Table
2.3-1.

The system is evaluated structurally for normal operating
loads in Sections 3.4.4 and 3.4.5. Off-normal and accident
loads are evaluated in Sections 11.1 and 11.2, respectively.

The system is evaluated for fire and explosive loadings in
Section 11.2.
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Table 1-2

NUREG-1536 Compliance Matrix (Continued)

Chapter 3 — Structural Evaluation

Area

2. Radiation, Shielding,
Confinement, and
Subcriticality

Regulatory Requirement
Radiation shielding, confinement, and subcriticality must meet the
regulatory requirements defined in 10 CFR 72.24(d); 10 CFR
72.124(a); and 10 CFR 72.236(c), (d), and (f).
10 CFR 72.24(d) Contents of Application: Margins of Safety /
Mitigation of Accident Consequences

10 CFR 72.124(a)  Criteria for Nuclear Criticality Safety: Design

for Criticality Safety
10 CFR 72.236(c)  Specific Requirements for Spent Fuel Storage
Cask Approval: Maintain Subcritical
Configuration
10 CFR 72.236(d)  Specific Requirements for Spent Fuel Storage
Cask Approval: Radiation Protection
10 CFR 72.236(1) Specific Requirements for Spent Fuel Storage
Cask Approval: Maintain Confinement

Description of Compliance

The margins of safety for normal conditions are listed in
Sections 3.4.4.1.5 and 3.4.4.2. Off-normal and accident
condition margins of safety are presented in Sections 11.1
and 11.2, respectively. Adequate safety margins are
maintained for all events, ensuring the mitigation of
accident consequences, and the shielding, confinement, and
criticality analyses presented in the SAR.

The nuclear criticality safety design of the system is
discussed in Sections 2.3.4 and 6.1.

Subcriticality of the system is demonstrated in Section
6.4.3.
Radiation protection of the system is demonstrated in

Sections 6.4.3, 10.3 and 10.4.

Confinement of the spent fuel is discussed in Sections 7.2
and 7.3.

3. Removal of Spent Fuel

As stated in 10 CFR 72.122(f) and (h)(1), the storage system design
must allow ready retrieval of spent fuel without posing operational
safety problems.

The system is not adversely affected by normal, off-normal,
or accident condition events as demonstrated in Sections
3.4.4.1.5,3.4.4.2,11.1 and 11.2. Operating procedures for
removing spent fuel from the system are presented in
Sections 8.2 and 8.3.

4. Design Basis Earthquake

As stated in 10 CFR 72.102(f), the design-basis earthquake (DBE)
must be equal to or greater than the safe-shutdown earthquake (SSE)
of nuclear plant sites previously evaluated under 10 CFR Part 100 or,
in the case of sites licensed before the implementation of 10 CFR
Part 100, developed under Topic III-2 of the Systematic Evaluation
Program (SEP).

As described in Section 2.2.3.1, the system is designed for a
seismic event that is greater than regulatory requirements.

5. Minimum Lifetime

As stated in 10 CFR 72.24(c) and 10 CFR 72.236(g), the analysis
and evaluation of the structural design and performance must
demonstrate that the cask system will allow storage of spent fuel for
a minimum of 20 years with an adequate margin of safety.

Section 1.1 and Table 2-1 specify a 50-year design life for
the system.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 3 — Structural Evaluation

Area Regulatory Requirement Description of Compliance
6. Reinforced Concrete Reinforced concrete structures may have a role in shielding, form
Structures ventilation passages and weather enclosures, and providing

protection against natural phenomena and accidents. The pertinent
regulations include 10 CFR 72.24(c) and 10 CFR 72.182(b) and (c).

10 CFR 72.24(c) Contents of Application: Design Criteria,
Design Bases, Component Descriptions,
Codes and Standards

10 CFR 72.182(b)  Design for Physical Protection: Design Bases
/ Design Criteria

10 CFR 72.182(c)  Design for Physical Protection: Security
System Description

A general description of the Vertical Concrete Cask (VCC)
is provided in Section 1.2.1.2. The design criteria for the
VCC is presented in Table 2-1. The design bases
considered in the structural evaluation of the VCC are
presented in Section 2.2.5.1.

This requirement is applicable to the ISFSI, not the storage
system.

This requirement is applicable to the ISFSI, not the storage
system.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 3 — Structural Evaluation

Area

Acceptance Criteria

Desctription of Compliance

1. Confinement Cask
a. Steel Confinement Cask

The structural design, fabrication, and testing of the confinement
system and its redundant sealing system should comply with an
acceptable code or standard, such as Section III of the Boiler and
Pressure Vessel Code (B&PV) promulgated by the American Society
of Mechanical Engineers (ASME [The NRC has accepted use of
either Subsection NB or Subsection NC of this code.}). Other design
codes or standards may be acceptable depending on their application.

i. The NRC staff evaluates the proposed limitations on allowable
stresses and strains in the confinement cask, reinforced concrete
components, system components important to safety, and other
components subject to review, by comparison with those
specified in applicable codes and standards. Where certain
proposed load combinations will exceed the accepted limits for
localized points on the structure, the applicant should provide
adequate justification to show that the deviation will not affect the
functional integrity of the structure.

ii. The NRC has accepted the use of applicable subsections of the
ASME B&PV Code, Division 1, for components used within the
confinement cask but not integrated with it. This includes the
“basket” structure used in casks to restrain and position multiple
fuel elements.

As specified in Section 3.1.2, the canister and basket
structure are designed in accordance with the ASME Code,
Section III, Division I, 1995 Edition.

The canister is designed using Subsection NB from the
code, while the basket structure is designed using
Subsection NG criteria.

A list of exceptions from the ASME code is provided in
Appendix 12A, Table 12A4-1.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 3 — Structural Evaluation

Area

Acceptance Criteria

Description of Compliance

b. Concrete Containments

i. ACI 359 (also designated as Section III, Division 2, of the ASME
B&PV Code, Subsection CC) constitutes an acceptable standard
for prestressed and reinforced concrete that is an integral
component of a radioactive material containment vessel that must
withstand internal pressure in operation or testing.

ii. If ACI 359 pertains to a given ISFSI structure, it applies to all
aspects of the design, material selection, fabrication, and
construction of that structure. The NRC has not accepted the
proposed substitution of elements from ACI 318 or ACI 349 for
any portion of ACI 359 with regard to the structure of an ISFSL
ISFSI structures to which ACI 359 applies shall also meet the
minimum functional requirements of ANSI/ANS-57.9 for subject
areas not specifically addressed in ACI 359.

The NAC-MPC system does not utilize concrete
containment vessels. Thus, ACI-359 is not applicable.

2. Reinforced Concrete (RC)
Structures Important to
Safety, but not within the
Scope of ACI 359

The NRC accepts the use of ACI 349 for the design, material
selection and specification, and construction of all reinforced
concrete structures that are not addressed within the scope of

ACI 359. However, in such instances, the design, material selection
and specification, and construction must also meet any additional or
more stringent requirements given in ANSI/ANS-57.9, as
incorporated by reference in NRC Regulatory Guide (RG) 3.60.
Section V of this chapter provides additional guidance regarding
specific review procedures.

As stated in Section 3.1.2, the VCC is designed in
accordance with ACI-349 and ANSI/ANS-57.9.

3. Other Reinforced
Concrete Structures
Subject to Approval

The NRC accepts the use of either ACI 318 or ACI 349 for
reinforced concrete structures that are subject to approval but are not
important to safety. Section V of this chapter provides

additional guidance regarding specific review procedures.

The NAC-MPC system has no concrete structures other
than that addressed in #2 above.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 3 — Structural Evaluation

Area Acceptance Criteria Description of Compliance
4. Other System Components | The NRC accepts the use of ANSI/ANS-57.9 (together with the The lifting devices of the NAC-MPC system are evaluated
Important to Safety codes and standards cited therein) as the basic reference for ISFSI in accordance with NUREG-0612 and ANSI N14.6, as
structures important to safety that are not designed in accordance specified in Section 3.1.2.

with the Section III of the ASME B&PV Code. However, both the
lifting equipment design and the devices for lifting system
components that are important to safety must comply with American
National Standards Institute (ANSI) Standard N14.6.

The NRC accepts the load combinations shown in Table 3-1 for
structures not designed under either Section III of the ASME B&PV
Code or ACI 359. These load combinations are based upon
ANSI/ANS-57.9, with supplemental definition of terms and
combinations.

The principal codes and standards include the following references
that may apply to steel structures and components:

a. American Institute of Steel Construction (AISC), “Specification
for Structural Steel Buildings — Allowable Stress Design and
Plastic Design”

b. AISC, “Load and Resistance Factor Design Specification for
Structural Steel Buildings”

¢. American Welding Society, “Structural Welding Code Steel,”
AWSDL1.1

d. American Society of Civil Engineers, “Minimum Design Loads
for Buildings and Other Structures,” ASCE 7 9however, note that
load combinations established on the basis of ANSI/ANS-57.9
[DCSS SRP Table 3-1] are to be used.).

e. ACI 349-85, Appendix B, for embedments or 10.14 for
composite compression sections, as applicable, when constructed
of structural steel embedded in reinforced concrete.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 3 - Structural Evaluation

Area Acceptance Criteria Description of Compliance
5. Other Components For structural design and construction of other components subject to | Not applicable. All components of the system subject to
Subject to NRC Approval | NRC approval, the principal codes and standards include the NRC approval are covered by the acceptance criteria

following:
a. ASCE7
b. Uniform Building Code (UBC)

c. AISC, “Specification for Structural Steel Buildings—Allowable
Stress Design and Plastic Design”

d. AISC “Code of Standard Practice for Steel Buildings and
Bridges”

e. ASME B&PV Code, Section VIII

specified in the previous sections.
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Table 1-2

NUREG-1536 Compliance Matrix (Continued)

Chapter 4 — Thermal Evaluation

Area

Regulatory Requirement

Description of Compliance

1. Minimum Lifetime

10 CFR Part 72 requires an analysis and evaluation of DCSS thermal
design and performance to demonstrate that the cask will permit safe
storage of the spent fuel for a minimum of 20 years.

Section 1.1 and Table 2-1 specify a 50-year design life for
the system. Tables 4.1-3 and 4.1-4 demonstrate that the
concrete temperatures are maintained within their allowable
limits.

2. Spent Fuel Cladding
Protection

The spent fuel cladding must be protected against degradation that
may lead to gross ruptures.

Tables 4.1-3 and 4.1-4 demonstrate that the fuel cladding
temperatures are maintained within allowable limits.

3. Thermal Structures,
Systems, and Components

Thermal structures, systems, and components important to safety
must be described in sufficient detail to permit evaluation of their
effectiveness. Applicable thermal requirements are identified, in part,
in 10 CFR 72.24(c)(3), 72.24(d), 72.122(h)(1), 72.122()),
72.128(a)(4), 72.236(f), 72.236(g), and 72.236(h).

10 CFR 72.24(c)(3) Contents of Application: Descriptions of
Components Important to Safety

10 CFR 72.24(d) Contents of Application: Margins of Safety /

Mitigation of Accident Consequences

10 CFR 72.122(h)(1) Overall Requirements: Confinement Barriers
and Systems

10 CFR 72.122(1) Overall Requirements: Retrievability

10 CFR 72.128(a)(4) Criteria for Spent Fuel Storage and Handling:
Testable Heat Removal Capacity

10 CFR 72.236(f) Specific Requirements for Spent Fuel Storage
Cask Approval: Passive Heat Removal

10 CFR 72.236(g)  Specific Requirements for Spent Fuel Storage
Cask Approval: Minimum 20-year Lifetime

10 CFR 72.236(h)  Specific Requirements for Spent Fuel Storage

Cask Approval: Wet/Dry Loading and
Unloading Compatibility

The discussion of the thermal design features of the system
is presented in Section 4.1,

Tables 4.1-3 and 4.1-4 demonstrate that the temperatures
are maintained within allowable limits for all components of
the system, including the fuel cladding. Therefore, the
system is not adversely affected by normal, off-normal, or
accident condition events.

The temperatures of the system are maintained within
allowable limits, and do not preclude retrieval of spent fuel
from the system.

As specified in Sections 9.1.7 and Appendix 12A, Section
3.1.7, the air temperature at the outlet vents is measured to
ensure proper operation of the passive heat removal system.

Section 1.1 and Table 2-1 specify a 50-year design life for
the system. Tables 4.1-3 and 4.1-4 demonstrate that the
concrete temperatures are maintained within their allowable
limits.

The operating procedures for the system presented in
Chapter 8 include procedures for wet and dry loading and
unloading operations.

1-24




s

(

NAC-MPC FSAR
Docket No. 72-1025

April 2000
Revision 0

Table 1-2 NUREG-1536 Compliance Matrix (Continued)
Chapter 4 — Thermal Evaluation
Area Acceptance Criteria Description of Compliance
1. Long-term Cladding Fuel cladding (zircaloy) temperature at the beginning of dry cask As shown in Table 4.1-4, the fuel cladding temperatures are
Temperatures storage should generally be below the anticipated damage-threshold

temperatures for normal conditions and a minimum of 20 years of

cask storage (Refs. 13 and 14).

Ref 13: UCID-21181, “Spent Fuel Cladding Integrity During Dry
Storage”

Ref 14: PNL-6189, “Recommended Temperature Limits for Dry Storage
of Spent Light-Water Zircalloy clad fuel Rods in Inert Gas”

maintained below 806°F (430°C) for both Zircaloy-clad
and Stainless Steel-Clad fuel. This temperature is within
the recommended temperature limits for Zircaloy-clad fuel
(PNL-6189) and within the limits for Stainless Steel-clad
fuel (EPRI TR-106440) for normal, off-normal and accident
conditions.

2. Short Term Cladding
Temperatures

Fuel cladding temperature should generally be maintained below
570 °C (1058 °F) for short-term accident conditions, short-term off-
normal conditions, and fuel transfer operations (e.g., vacuum drying
of the cask or dry transfer). (PNL-4835)

As shown in Table 4.1-4, the fuel cladding temperature for
both Zircaloy and Stainless Steel are maintained below
806°F (430°C) for short term off-normal or accident
condition events.

3. Maximum Internal
Pressure

The maximum internal pressure of the cask should remain within its
design pressures for normal, off-normal, and accident conditions
assuming rupture of I percent, 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.

The normal condition pressure calculation is presented in
Section 4.4.5. The accident condition pressure calculation
is presented in Section 11.2.1. The off-normal condition is
bounded by the accident condition, which assumes 100%
failure of the cladding.

4, Maximum Material
Temperatures

Cask and fuel materials should be maintained within their minimum
and maximum temperature criteria for normal, off-normal, and
accident conditions in order to enable components to perform their
intended safety functions.

Tables 4.1-3 and 4.1-4 demonstrate that the temperatures
are maintained within allowable limits for all components of
the system, including the fuel cladding. Therefore, the
system is not adversely affected by normal, off-normal, or
accident condition events.

5. Fuel Cladding Protection

For each fuel type proposed for storage, the DCSS should ensure a
very low probability (e.g., 0.5 percent per fuel rod) of cladding
breach during long-term storage.

As concluded in PNL-6189 (Zircaloy) and EPRI TR-
106449 (Stainless Steel), the probability of cladding breech
is very low when the cladding temperature is maintained
below allowable limits.

6. Long-Term Cladding
Damage

Fuel cladding damage resulting from creep cavitation should be
limited to 15 percent of the original cladding cross-sectional area
during dry storage. (UCID-21181)

The maximum fuel cladding temperatures are determined in
accordance with PNL-6189 (Zircaloy) and EPRI TR-
106440 (Stainless Steel). Calculations were not performed
using the methodology of UCID-21181.

7. Passive Cooling

The cask system should be passively cooled. [10 CFR 72.236(f)]

As stated in Sections 1.2 and 4.1, the system is passively
cooled.

8. Thermal Operating Limits

The thermal performance of the cask should be within the allowable
design criteria specified in SAR Section 2 (e.g., materials, decay heat
specifications) and SAR Section 3 (e.g., thermal stress analysis) for
normal, off-normal, and accident conditions.

The thermal stress analyses of the canister and VCC for
normal conditions are provided in Sections 3.4.4.1.1 and
3.4.4.2.3, respectively. The canister is evaluated for off-
normal thermal stresses in Section 11.1.4.2, and the VCC is
analyzed for accident thermal stresses in Section 11.2.10.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 5 — Shielding Evaluation

Area Regulatory Requirement Description of Compliance
1. Shielding System 10 CFR Part 72 requires that spent fuel radioactive waste storage and | A general description of the system is provided in Section
Description handling systems be designed with suitable shielding to provide 1.2. A detailed description of the shielding features of the

adequate radiation protection under both normal and accident
conditions. Consequently, the DCSS application must describe the
shielding structures, systems, and components (SSCs) important to
safety in sufficient detail to allow the NRC staff to thoroughly
evaluate their effectiveness. It is the responsibility of the vendor, the
facility owner, and the NRC staff to analyze such SSCs with the
objective of assessing the impact of direct radiation doses on public
health and safety.

system are provided in Section 5.1.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 5 — Shielding Evaluation

Area Regulatory Requirement Description of Compliance
2. Protection During In addition, SSCs important to safety must be designed to withstand
Accidents the effects of both credible accidents and severe natural phenomena

without impairing their capability to perform their safety functions.
The applicable shielding requirements are identified, in part, in 10
CFR 72.24(c)(3), 72.24(d), 72.104(a), 72.106(b), 72.122(b),
72.122(c), 72.128(a)(2), and 72.236(d).

10 CFR 72.24(c)(3) Contents of Application: Descriptions of
Components Important to Safety

10CFR 72.24(d) Contents of Application: Margins of Safety /
Mitigation of Accident Consequences

10 CFR 72.104(a)  Criteria for Radioactive Materials in Effluents
and Direct Radiation from an ISFSI or MRS:
Annual Site Boundary Dose Limit

10 CFR 72.106(b)  Controlled Area of an ISFSI or MRS: Design
Basis Accident Site Boundary Dose Limit

10 CFR, 72.122(b)  Overall Requirements: Protection Against
Environmental Conditions and Natural
Phenomena

10CFR 72.122(¢)  Overall Requirements: Protection Against
Fires and Explosions

10 CFR 72.128(a)(2) Criteria for Spent Fuel Storage and Handling:
Radiation Protection

10 CFR 72.236(d)  Specific Requirements for Spent Fuel Storage
Cask Approval: Radiation Protection

A description of the shielding components of the system is
provided in Section 5.1.

The design basis dose rates for accident conditions are
listed in Section 10.2.2. Specific details of the dose rates
due to the tip-over accident are presented in Section
11.2.12.3.

The controlled area boundary dose calculations and
minimum site boundary distances are presented in Section
10.4.

The accident condition dose rates are discussed in Section
10.2.2.

Evaluation of the system for off-normal and accident
condition events is provided in Sections 11.1 and 11.2. The
radiological consequences of each event are addressed.

The radiological consequences of a fire accident are
provided in Section 11.2.5.3. The radiological
consequences of an explosion are provided in Section
11.2.3.3.

The dose rate results demonstrating the radiation protection
of the system are presented in Section 5.1.

As described above, the normal condition controlled area
boundary dose rates are provided in Section 10.4. The
accident condition doses are discussed in Section 10.2.2.
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Table 1-2

NUREG-1536 Compliance Matrix (Continued)

Chapter 5 — Shielding Evaluation

Area

Acceptance Criteria

Description of Compliance

1. Minimum Distance from
Controlled Area Boundary

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 10 CFR 72.3 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.

As described in Section 10.4, the minimum allowable
controlled area boundary distance is 150 meters.

2. Controlled Area Boundary
Dose Limits

The cask vendor must show that, during both normal operations and
anticipated occurrences, the radiation shielding features of the
proposed DCSS are sufficient to meet the radiation dose
requirements in Sections 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.

Section 10.4 presents the controlled area boundary dose rate
evaluation for a typical array configuration. The minimum
allowable controlled area boundary distance is 150 meters
without taking credit for shielding provided by any
intermediate structures or topography.

3. ALARA

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.

The dose rates for the system are presented in Section 5.1.
These dose rates are within the allowables specified in
Section 10.2.1, which are consistent with ALARA
principles.

4. Maximum Accident
Controlled Area Boundary
Dose

After a design-basis accident, an individual at the boundary or
outside the controlled area shall not receive a dose greater than 5 rem
to the whole body or any organ.

Section 10.2.2 indicates that the controlled area boundary
dose as a result of an accident will not exceed 5 rem.

5. Occupational Dose Limits

The proposed shielding features must ensure that the DCSS meets
the regulatory requirements for occupational and radiation dose
limits for individual members of the public, as prescribed in 10 CFR
Part 20, Subparts C and D.

Occupational doses for typical loading operations are
provided in Section 10.3. In practice, occupational doses
would be controlled on a site-specific basis by the operator
of the JSFSI
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 6 — Criticality Evaluation

Area Regulatory Requirement

Description of Compliance

Spent fuel storage systems must be designed to remain subcritical
unless at least two unlikely independent events occur. Moreover, the
spent fuel cask must be designed to remain subcritical under all
credible conditions. Regulations specific to nuclear criticality safety
of the cask system are specified in 10 CFR 72.124 and 72.236(c).
Other pertinent regulations include 10 CFR 72.24(c)(3), 72.24(d),
and 72.236(g). Normal and accident conditions to be considered are
also identified in 10 CFR Part 72.

10 CFR 72.24(c)(3) Contents of Application: Descriptions of
Components Important to Safety

10 CFR 72.24(d) Contents of Application: Margins of Safety /
Mitigation of Accident Consequences

10 CFR 72.124 Criteria for Nuclear Criticality Safety

10 CFR 72.236(c)  Specific Requirements for Spent Fuel Storage
Cask Approval: Maintain Subcritical
Configuration

10 CFR 72.236(g)  Specific Requirements for Spent Fuel Storage
Cask Approval: Minimum 20-year Lifetime

A general description of the system is provided in Section
1.2, with a detailed description of the criticality safety
features of the system provided in Section 6.1.

Section 6.4 presents the results of the criticality evaluation
of the transfer cask and storage cask.

The criteria for criticality safety are provided in Sections
2.3.4 and 6.1.

Section 6.4 presents the results of the criticality evaluation
of the storage cask for the most reactive credible conditions.

Section 1.1 and Table 2-1 specify a 50-year design life for
the system.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)
Chapter 6 — Criticality Evaluation
Area Acceptance Criteria Description of Compliance

1. Subcriticality Margin

The multiplication factor (k.g;), including all biases and uncertainties
at a 95-percent confidence level, should not exceed 0.95 under all
credible normal, off-normal, and accident conditions.

As stated in Section 6.1, the maximum allowable
multiplication factor (k) for the system is 0.95, including
adjustment for all biases and uncertainties, as calculated in
Section 6.5.

2. Double Contingency

At least two unlikely, independent, and concurrent or sequential
changes to the conditions essential to criticality safety, under normal,
off-normal, and accident conditions, should occur before an
accidental criticality is deemed to be possible.

As stated in Section 6.1, the criticality analyses are
performed for the most reactive credible configuration of
the cask, at the highest enrichment, without credit for fuel
burnup, and at the most reactive internal water moderator
density, even though it is stated that water intrusion is not a
credible event. Therefore, criticality cannot occur unless
two separate events, such as (1) misloading a higher than
design-basis enrichment, unirradiated fuel assembly and
(2) water intrusion, occur.

3. Criticality Design Features

When practicable, criticality safety of the design should be
established on the basis of favorable geometry, permanent fixed
neutron-absorbing materials (poisons), or both. Where solid neutron-
absorbing materials are used, the design should provide for a positive
means to verify their continued efficacy during the storage period.

As stated in Section 6.1, the criticality safety of the design is
based on geometry and fixed neutron poisons.

Recently proposed rule changes (Federal Register, June 9,
1998) include discussion clarifying the 10 CFR 72.124(b)
requirement to verify the “continued efficacy” of neutron
poisons as applicable only to wet storage systems, and not
to dry, provided that the effectiveness of the poisons is
demonstrated at the outset.

4. Conservative Assumptions

Criticality safety of the cask system should not rely on use of the

following credits:

a. burnup of the fuel

b. fuel-related burnable neutron absorbers

¢. more than 75 percent for fixed neutron absorbers when subject
to standard acceptance tests.

Section 6.1 provides a list of conservative assumptions that
are used in the criticality safety evaluation. No fuel burnup
is assumed, and only 75% of the minimum '°B loading on
the Boral plates is used. Also, no integral fuel burnable
neutron absorbers, nor fission product neutron poisons, are
considered in the analysis.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)
Chapter 7 — Confinement Evaluation
Area Regulatory Requirement Description of Compliance
1. Description of Structures, | The SAR must describe the confinement structures, systems, and A general description of the system is provided in Section
Systems, and Components | components (SSCs) important to safety in sufficient detail to 1.2, with a detailed description of the confinement features
Important to Safety facilitate evaluation of their effectiveness. [10 CFR 72.24(c)(3) and | of the system provided in Section 7.1.
10 CFR 72.24(1)]
2. Protection of Spent Fuel The design must adequately protect the spent fuel cladding against As described in Sections 7.2.1 and 7.3, the integrity of the
Cladding degradation that might otherwise lead to gross ruptures during canister is maintained under normal and accident
storage, or the fuel must be confined through other means such that conditions. Therefore, the inert helium atmosphere is
fuel degradation during storage will not pose operational safety maintained in the canister, protecting the fuel cladding
problems with respect to removal of the fuel from storage. {10 CFR against degradation.
72.122(h)(1)]

3. Redundant Sealing The cask design must provide redundant sealing of the confinement | As described in Section 7.1.3.2, the canister is sealed after
boundary. [10 CFR 72.236(e)] loading by means of a redundant lid system.

4. Monitoring of Storage confinement systems must allow continuous monitoring, As described in Appendix 12A, Section 3.1.7, the system is

Confinement System such that the licensee will be able to determine when to take designed for air outlet temperature monitoring. The canister
corrective action to maintain safe storage conditions. [10 CFR is designed to withstand all normal, off-normal, and
72.122(h)(4) and 10 CFR 72.128(a)(1)] accident condition events, while maintaining the integrity of

the confinement boundary.

5. Instrumentation The design must provide instrumentation and controls to monitor As described in Appendix 12A, Section 3.1.7, the inlet and
systems that are important to safety over anticipated ranges for outlet vent air temperatures are monitored to ensure that
normal and off-normal operation. In addition, the applicant must temperatures within the confinement boundary are
identify those control systems that must remain operational under maintained within allowable limits.
accident conditions. [10 CFR 72.122(i)]

6. Release of Nuclides to the | The applicant must estimate the quantity of radionuclides expected to | As described in Sections 7.2.1 and 7.3, the leaktight

Environment be released annually to the environment. {10 CFR 72.24(1)(1)] integrity of the confinement boundary is maintained during

all postulated normal and accident condition events.
Therefore, there is no release of radionuclides to the
environment.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 7 — Confinement Evaluation

Area Regulatory Requirement Description of Compliance
7. Evaluation of The applicant must evaluate the cask and its systems important to The confinement system is analyzed for normal conditions
Confinement System safety, using appropriate tests or other means acceptable to the in Sections 3.4.3.2 and 3.4.4.1, and for off-normal, and
Commission, to demonstrate that they will reasonably maintain accident conditions in Sections 11.1 and 11.2, respectively.

confinement of radioactive material under normal, off-normal, and
credible accident conditions. [10 CFR 72.236(1) and
10 CFR 72.24(d)]

In addition, SSCs important to safety must be designed to withstand
the effects of credible accidents and severe natural phenomena
without impairing their capability to perform safety functions.

{10 CFR 72.122(b)]

8. Annual Dose Limit in During normal operations and anticipated occurrences, the annual The site boundary dose calculations and minimum site
gﬂ;llqe?ts atpd Direct dose equivalent to any real individual who is located beyond the boundary distances are presented in Section 10.4.
aciation trom an controlled area must not exceed 25 mrem to the whole body, 75

g;gfg;: ?::;ﬁgf;gjuel mrem to the thyroid, and 25 mrem to any other organ. [10 CFR
(ISFSI) 72.104(a)]
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 7 — Confinement Evaluation

Area

Acceptance Criteria

Description of Compliance

1. Redundant Sealing

The cask design must provide redundant sealing of the confinement
boundary sealing surface. Typically, this means that field closures of
the confinement boundary must either have double seal welds or
double metallic o-ring seals.

As described in Section 7.1.3.2, the canister is sealed after
loading by means of a redundant lid system.

2. Code Compliance

The confinement design must be consistent with the regulatory
requirements, as well as the applicant’s “General Design Criteria”
reviewed in Chapter 2 of this SRP. The NRC staff has accepted
construction of the primary confinement barrier in conformance with
Section III, Subsections NB or NC, of the Boiler and Pressure Vessel
(B&PV) Code promulgated by the American Society of Mechanical
Engineers (ASME [This code defines the standards for all aspects of
construction, including materials, design, fabrication, examination,
testing, inspection, and certification required in the manufacture and
installation of components.]). In such instances, the staff has relied
upon Section III to define the minimum acceptable margin of safety;
therefore, the applicant must fully document and completely justify
any deviations from the specifications of Section III. In some cases
after careful and deliberate consideration, the staff has made
exceptions to this requirement.

The codes and standards utilized for the confinement system
design are specified in Section 7.1.1. ASME Section I1I,
Subsection NB is utilized for the design of the canister.

3. Maximum Allowable
Leakage Rates

The applicant must specify the maximum allowed leakage rates for
the total primary confinement boundary and redundant seals
(Applicants frequently display this information in tabular form,
including the leakage rate of each seal.). In addition, the applicant’s
leakage analysis should be consistent with the principles specified in
the “American National Standard for Leakage Tests on Packages for
Shipment of Radioactive Materials” (ANSI N14.5). Generally, the
allowable leakage rate must be evaluated for its radiological
consequences and its effect on maintaining the necessary inert
atmosphere within the cask.

As specified in Sections 7.2.1 and 7.3, leakage from the
confinement system under normal, off-normal, and accident
conditions is not credible because the canister is
demonstrated to be leaktight.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 7 — Confinement Evaluation

Area Acceptance Criteria Description of Compliance
4. Monitoring and The applicant should describe the proposed monitoring capability The system utilizes welded closures, as specified in Section
Surveillance and/or surveillance plans for mechanical closure seals. In instances | 7.1. Therefore, no monitoring system is required. Routine
involving welded closures, the staff has previously accepted that no surveillance is required as specified in Appendix 12A of
closure monitoring system is required. This practice is consistent Chapter 12.

with the fact that other welded joints in the confinement system are
not monitored. However, the lack of a closure monitoring system has
typically been coupled with a periodic surveillance program that
would enable the licensee to take timely and appropriate corrective
actions to maintain safe storage conditions after closure degradation.
The discussion in (a) below taken from Chapter 2 of this SRP
expands on the requirement for continuous monitoring.

(a) Continuous Monitoring

The Office of the General Counsel (OGC) has developed an opinion
as to what constitutes “continuous monitoring” as required in

10 CFR Part 72.122(h)(4). The staff, in accordance with that opinion
has concluded that both routine surveillance programs and active
instrumentation meets the intent of “continuous monitoring.” Cask
vendors may propose, as part of the SAR, either active
instrumentation and/or surveillance to show compliance with 10 CFR
Part 72.122(h)(4).

The reviewer should note that some DCSS designs may contain a
component or feature whose continued performance over the
licensing period has not been demonstrated to staff with a sufficient
level of confidence. Therefore the staff may determine that active
monitoring instrumentation is required to provide for the detection of
component degradation or failure. This particularly applies to
components whose failure immediately affects or threatens public
health and safety. In some cases the vendor or staff in order to
demonstrate compliance with 10 CFR Part 72.122(h)(4), may
propose a technical specification requiring such instrumentation as
part of the initial use of a cask system. After initial use, and if
warranted and approved by staff, such instrumentation may be
discontinued or modified.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 7 — Confinement Evaluation

Area Acceptance Criteria Description of Compliance
5. gon-Reactive The cask must provide a non-reactive environment to protect fuel As described in Sections 7.1.1.1 and 7.1.2, the confinement
nvironment

assemblies against fuel cladding degradation, which might otherwise
lead to gross rupture. Measures for providing a non-reactive
environment within the confinement cask typically include drying,
evacuating air and water vapor, and backfilling with a non-reactive
cover gas (such as helium). For dry storage conditions, experimental
data have not demonstrated an acceptably low oxidation rate for UO,
spent fuel, over the 20-year licensing period, to permit safe storage in
an air atmosphere. Therefore, to reduce the potential for fuel
oxidation and subsequent cladding failure, an inert atmosphere (e.g.,
helium cover gas) has been used for storing UO; spent fuel in a dry
environment (See Chapter 8 of this SRP for more detailed
information on the cover gas filling process.). Note that other fuel
types, such as graphite fuels for the high-temperature gas-cooled
reactors (HTGRs), may not exhibit the same oxidation reactions as
UO; fuels and, therefore, may not require an inert atmosphere.
Applicants proposing to use atmospheres other than inert gas should
discuss how the fuel and cladding will be protected from oxidation.

system is vacuum dried and backfilled with inert helium gas
during loading operations.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)
Chapter 8 — Operating Procedures
Area Regulatory Requirement Description of Compliance
Health and Safety The applicant must develop operating procedures that Operating procedures are provided in Chapter 8. Notes and
adequately protect health and minimize danger to life or Cautions are listed among the steps provided to emphasize
property. [10 CFR 72.40(a)(5)] steps important to maintaining health and safety.
ALARA The applicant must establish operational restrictions to meet the

regulatory requirements of 10 CFR Part 20 and objective limits
that are as low as is reasonably achievable (ALARA) for
radioactive materials in effluents and direct radiation levels
associated with ISFSI operations. [10 CFR 72.104(b) and 10
CFR 72.24(e)}

Section 8.0 specifies that the procedures are developed to
maintain occupational dose ALARA. Automated welding
systems and temporary shielding are utilized to minimize
worker dose during canister loading operations. Appendix
12A, Section 3.2.1 specifies maximum external dose rates
to maintain reasonable dose level within a cask array for
routine surveillance and inspection activities.

Control of Radioactive
Effluents

The applicant must describe all equipment and processes used to
maintain control of radioactive effluents. [10 CFR 72.24(1)(2)]

As described in Sections 7.1.1.4, 7.2.1, and 7.3, there are no
radioactive effluents in routine operations other than pool
water and helium gas that are removed from the canister.
These effluents are routinely handled in Licensee
operations.

Written Procedures

The general licensee shall conduct activities related to storage of
spent fuel in accordance with written procedures. [10 CFR
72.212(b)(9)]

Vendors seeking approval of a cask design shall ensure that
written procedures and appropriate tests are established before
initial use of the casks. In addition, the vendor must provide a
copy of these procedures and tests to each prospective cask user.
[10 CFR 72.234(f)]

Written procedures for the system are provided in Chapter
8. These procedures are intended to provide general
operational guidance for use of the system. These
procedures would be used by an ISFSI operator to develop
detailed, site specific procedures for use of the system.

Wet or Dry Loading and
Unloading Facilities

The cask must be compatible with wet or dry spent fuel loading
and unloading facilities. [10 CFR 72.236(h)]

The operating procedures provided in Chapter 8 include
procedures for wet and dry loading and unloading
operations.

Decontamination Features

To the extent practicable, the design of the cask must facilitate
decontamination. [10 CFR 72.236(i)]

The canister is designed to facilitate decontamination as
described in Section 2.3.5.3. As described in Section 8.1.1,
the annulus between the canister and transfer cask is filled
with clean water prior to placement in the fuel pool to
minimize the potential for contamination of the surface of
the canister.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 8 — Operating Procedures

Area Regulatory Requirement Description of Compliance

Ready Retrieval of Spent Fuel | 8. The design of storage systems must allow ready retrieval of The procedure provided in Sections 8.2 and 8.3 specify the
spent fuel for further processing or disposal. [10 CFR 72.122(1)] | steps necessary for retrieval of the spent fuel from the
system for further processing or disposal.

Radioactive Waste Generation | 9. The design of the cask must minimize the quantity of radioactive | Operation of the system generates no radioactive waste,
waste generated. [10 CFR 72.128(a)(5) and 10 CFR 72.24(f)] other than a limited amount of protective clothing and tools
used during loading operations that could be easily disposed
or decontaminated.

Inspection, Maintenance, and | 10. The design of structures, systems, and components (SSCs) that | Section 9.2 specifies the inspection and maintenance
Testing are important to safety must permit inspection, maintenance, and | activities required for the system.
testing. [10 CFR 72.122(f)]
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)
Chapter 8 — Operating Procedures
Area Acceptance Criteria Description of Compliance
Scope of Application 1. Major operating procedures apply to the principal activities The operating procedures provided in Chapter 8 cover all

expected to occur during dry cask storage. The expected scope of
activities for the SAR operating procedure descriptions is
described in Section II, “Areas of Review” (of the SRP), as well
as Section 8 of Regulatory Guide 3.61. Operating procedure
descriptions should be submitted to address the cask design
features and planned operations.

planned operations of the system, including loading of spent
fuel, placement of the system at the site, and unloading of
the system. :

Process Control and Hazard
Mitigation

- Operating procedure descriptions should identify measures to

control processes and mitigate potential hazards that may be
present during planned normal operations. Section V, “Review
Procedures” (of the SRP), discusses previously identified
processes and potential hazards.

The operating procedures provided in Chapter 8 include
Notes and Cautions to indicate steps important in
maintaining safety.

Operating Controls and Limits

. Operating procedure descriptions should ensure conformance

with the applicable operating controls and limits described in the
technical specifications provided in SAR Section 12.

The operating controls and limits specified in Section 12.1
are included with the appropriate procedures in Chapter 8
and the Technical Specifications in Appendix 12A. of
Chapter 12.
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Table 1-2

NUREG-1536 Compliance Matrix (Continued)

Chapter 8 — Operating Procedures

Area

Acceptance Criteria

Description of Compliance

Operational Planning

. Operating procedure descriptions should reflect planning to

ensure that operations will fulfill the following acceptance
criteria:

. Occupational radiation exposures will remain ALARA

. Effective measures will be taken to preclude potential unplanned

and uncontrolled releases of radioactive materials

. Offsite dose rates will be maintained within the limits of 10 CFR

Part 20 and 10 CFR 72.104 for normal operations, and 10 CFR
72.106 for accident conditions.

In addition, the operating procedure descriptions should support
and be consistent with the bases used to estimate radiation
exposures and total doses (Refer to Chapter 10 of this SRP).

As stated in Section 8.0, the operating procedures are
developed to support maintaining occupational doses
ALARA

Sections 8.1.1 and 8.3 include steps to preclude releases of
radioactive material during loading and unloading
operations. As stated in Sections 7.2.1 and 7.3, release of
radioactive material from the system under normal, off-
normal and accident conditions is not a credibie event.

Section 10.4 presents the site boundary dose rate evaluation,
including the minimum controlled area boundary distance
needed to meet an annual dose limit of 25 mrem for normal
conditions. Section 10.2.2 indicates that the accident
condition controlled area boundary dose will not exceed 5
rem to any organ.

The operating procedures specified in Chapter 8 and the
previous cask loading and unloading experience of NAC
support the calculation of occupational dose rates presented
in Section 10.3.
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Table 1-2

NUREG-1536 Compliance Matrix (Continued)

Chapter 8 — Operating Procedures

Area

Acceptance Criteria

Description of Compliance

Surveillance, Maintenance,
and Contingency Plans

. Operating procedure descriptions should include provisions for

the following activities:

. testing, surveillance, and monitoring of the stored material and

casks during storage and loading and unloading operations

. maintenance of casks and cask functions during storage

. contingency actions triggered by inspections, checks,

observations, instrument readings, and so forth (Some of these
may involve off-normal conditions addressed in SAR Section
11.).

Section 9.2 specifies the inspection and maintenance
activities required for the system during storage. The limits
established in Appendix 12A, Sections 2.0 and 3.0, are
provided to ensure that the spent fuel is protected during
loading and unloading operations.

Normal operational maintenance and surveillance activities
are specified in Section 9.2.

These activities include contingency actions that may be
required as a result of the inspection.

Cladding Protection

- As required by 10 CFR 72.122(h)(1), the operating procedure

descriptions should facilitate reducing the amount of water vapor
and oxidizing material within the confinement cask to an
acceptable level to protect the spent fuel cladding against
degradation that might otherwise lead to gross ruptures.

As specified in Appendix 12A, Sections 3.1.2 and 3.1.3, the
canister is vacuum dried to eliminate water and backfilled
with inert helium gas during fuel loading operations to
protect the fuel cladding against oxidation.
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Table 1-2

NUREG-1536 Compliance Matrix (Continued)

Chapter 9 — Acceptance Test and Maintenance Program

Area

Regulatory Requirement

Description of Compliance

1. Testing and Maintenance

The SAR must describe the applicant’s program for
preoperational testing and initial operations. [10 CFR 72.24(p)]

The cask design must permit maintenance as required.
[10 CFR 72.236(g)]

Structures, systems, and components (SSCs) important to safety
must be designed, fabricated, erected, tested, and maintained to
uality standards commensurate with the importance to safety of
the function they are intended to perform. [10 CFR 72.122(a3,,
10 CFR 72.122(f), 10 CFR 72.128(a)(1), and 10 CFR 72.24(c)]

The applicant or licensee must establish a test program to ensure
that all required testing is performed to meet applicable
requirements and acceptance criteria. In addition, at least 30
days before the receipt of spent fuel, the licensee must submit to
the NRC a report concerning the pre-operational test accegtance
criteria and test results. [10 CFR 72.162 and 10 CFR 72.82(e)]

The applicant or licensee must evaluate the cask and its systems
important to safety, using appropriate tests or other means
acceptable to the Commission, to demonstrate that they will
reasonably maintain confinement of radioactive material under
normal, off-normal, and credible accident conditions. [10 CFR
72.236(1)]

The applicant or licensee must inspect the cask to ascertain that
there are no cracks, pinholes, uncontrolled voids, or other
defects that could sic%{}lizﬁcantly reduce confinement
effectiveness. {10 72.236(j)]

The applicant must perform, and make provisions that permit the
Commission to perform, tests that the Commission deems
necessary or appropriate. [10 CFR 72.232(b)]

The general licensee must accurately maintain the record

provided by the cask supplier showing any maintenance

performed on each cask. This record must include evidence that

any maintenance and testing have been conducted under an
C-Igﬁproved uality assurance (QA) program.

[10 CFR 72.212(b)(8)]

The applicant or licensee must assure that the casks are
conspicuously and durably marked with a model number, unique
identification number, and the empty weight [10 CFR 72.236(k)]

Section 9.1 presents the acceptance testing for the system.

Section 9.2 presents the maintenance activities for the
system.

The acceptance tests and maintenance activities presented in
Sections 9.1 and 9.2 are performed to verify compliance
with the design bases ang criteria, and that the system
continues to perform as designed.

The testing and maintenance provided in Sections 9.1 and
9.2 are intended to be used by an ISFSI user in the
development of site-specific programs.

The acceptance tests presented in Section 9.1 demonstrate
that the system will maintain confinement of the spent fuel
under normal, off-normal, and accident conditions.

As described in Section 9.1.1, the canister is visually and
non-destructively examined prior to use.

As described in Section 9.2.2, a thermal testis to be
performed on the first in-service system. This testing is
performed in accordance with a historical NRC certification
requirement. Provisions shall be made, as necessary, to
facilitate additional NRC imposed testing as required.

Records of maintenance activities would be maintained by
the ISFSI user, and thus are not applicable.

As specified in Section 9.1.8, each system is to be marked
with the model number, unique cask number, empty weight,
and additional information.
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NUREG-1536 Compliance Matrix (Continued)

Chapter 9 — Acceptance Test and Maintenance Program

Area

Regulatory Requirement

Description of Compliance

2. Resolution of Issues
Concerning Adequacy or
Reliability

The SAR must identify all SSCs important to safety for which the
applicant cannot demonstrate functional adequacy and reliability
through previous acceptable evidence. For this purpose, acceptable
evidence may be established in any of the following ways:

*  prior use for the intended purpose
* reference to widely accepted engineering principles
* reference to performance data in related applications

In addition, the SAR should include a schedule showing how the
applicant or licensee will resolve any associated safety questions
before the initial receipt of spent fuel. [10 CFR 72.24()]

As described in Sections 3.1 and 3.3, the design of the
system is based on industry standard codes and standards
for materials and margins of safety. The acceptance tests
specified in Section 9.1 are performed to demonstrate the
adequacy of each fabricated system in accordance with
applied Codes and Standards.

The system does not rely on any materials or design
standards that lack acceptable evidence of functional
adequacy.

3. Cask Identification

The applicant or licensee must conspicuously and durably mark the
cask with a model number, unique identification number, and empty
weight. [10 CFR 72.236(k)]

As specified in Section 9.1.8, each system is to be marked
with the model number, unique cask number, empty weight,
and additional information.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 9 —~ Acceptance Tests and Maintenance Program

Area Acceptance Criteria Description of Compliance

Confinement System American Society of Mechanical Engineers (ASME), “Boiler and As specified in Section 3.1.2, the canister is designed in
Pressure Vessel (B&PV) Code”, Section I11, Subsection NB or NC accordance with the ASME Code, Section I, Subsection

NB. Exceptions to the Code are provided in Appendix
12A, Table 12A4-1. The confinement system is leak tested
in accordance with ANSI N14.5 following shield lid
welding as specified in Appendix 12A, Section 3.1.4.

“American National Standard for Radioactive Materials— Leakage
Tests on Packages for Shipment” (ANSI N14.5-1987)

Confinement Internals (e.g., ASME B&PV Code, Section III, Subsection NG As specified in Section 3.1.2, the basket structure is
basket) designed in accordance with the ASME Code, Section III,
Subsection NG.
Metal Cask Overpack ASME B&PV Code, Section VIII Not applicable.
Concrete Cask Overpack American Concrete Institute (ACI) Standards 318 and 349, as As stated in Section 3.1.2, the VCC is designed in
appropriate accordance with ACI-349 and ANSI/ANS-57.9.
Other Metal Structures ASME B&PV Code, Section III, Subsection NF Not applicable.

American Institute of Steel Construction (AISC), “Manual of Steel
Construction”
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 10 — Radiation Protection

Area

Regulatory Requirement

Description of Compliance

1. Effluent and Direct
Radiation

Criteria for radioactive material released due to effluents and direct
radiation from an ISFSI or MRS are contained 10 CFR 72.104.

10 CFR 72.104 Criteria for Radioactive Materials in Effluents and

Direct Radiation from an ISFSI or MRS

The controlled area boundary dose calculations and
minimum controlled area boundary distances are presented
in Section 10.4.

2. Occupational Exposures

Criteria for Occupational Exposures are contained in 10 CFR
20.1201, 10 CFR 20.1207, 10 CFR 20.1208, and 10 CFR 20.1301

10 CFR 20.1201
10 CFR 20.1207
10 CFR 20.1208
10 CFR 20.1301

Occupational Dose Limits for Adults
Occupational Dose Limits for Minors
Dose to an Embryo/Fetus

Dose Limits for Individual Members of the
Public

Occupational doses for typical loading operations are
provided in Section 10.3. In practice, occupational doses
would be controlled on a site-specific basis by the operator
of the ISFSI.

3. Public Exposures

Criteria for public exposures under normal and accident conditions
are contained within. [10 CFR 72.104 and 10 CFR 72.106]

10 CFR 72.104

10 CFR 72.106

Criteria for Radioactive Materials in Effluents
and Direct Radiation from an ISEFSI or MRS

Controlled Area of an ISFSI or MRS

The controlled area boundary dose calculations and
minimum site boundary distances are presented in Section
10.4.

Section 10.2.2 indicates that the controlled area boundary
dose as a result of an accident will not exceed 5 rem to any
organ, exclusive of skin.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 10 — Radiation Protection

Area Regulatory Requirement

Description of Compliance

4. ALARA Criteria for ALARA are contained within 10 CFR 20.1101, 10 CFR
72.24(e), 10 CFR 72.104(b), and 10 CFR 72.126(a)

10 CFR 20.1101 Radiation Protection Programs

10 CFR 72.24(e) Contents of Application: ALARA Features

10 CFR 72.104(b)  Criteria for Radioactive Materials in Effluents
and Direct Radiation from an ISFSI or MRS:

Operational Restrictions

I0CFR 72.126(a)  Criteria for Radiological Protection:
Exposure Control

The description of the radiation protection and ALARA
considerations of the system are provided in Section 10.1.

The design basis for radiation protection is presented in
Section 10.2.

Operational methods utilized to provide radiation protection
are discussed in Section 10.1.3.
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NUREG-1536 Compliance Matrix (Continued)

Chapter 10 — Radiation Protection

Area

Acceptance Criteria

Description of Compliance

1. Design Criteria

Limitations on dose rates associated with direct radiation from the cask
are established on the basis of the shielding and confinement evaluations
in order to satisfy the regulatory requirements for public dose limits. As
stated in 10 CFR Part 72.104, during normal operations and anticipated
occurrences, the annual dose equivalent to a real individual located
beyond the controlled area, must not exceed the limits discussed below.

The dose rate design criteria are specified in Section 10.2.1.

2. Occupational
Exposures

a. dose limits for adults: 5 rem/yr (total effective dose equivalent)
b. dose limits for minors: 0.5 rem/yr
c. dose to an embryo or fetus

(declared pregnant woman): 0.5 rem during entire pregnancy

Occupational doses for typical loading operations are
provided in Section 10.3. In practice, occupational doses
would be controiled on a site-specific basis by the operator
of the ISFSIL

3. Public Exposures

a. Normal Conditions:

whole body: 25 mrem/yr
thyroid: 75 mrem/yr
other organ: 25 mrem/yr

These doses include the cumulative effects of other nuclear fuel cycle
facilities that may be at the same location as the storage system (i.e., the
nuclear power plant) and apply to the limiting real individual of the
general public residing at a permanent location nearest the facility.

b. Accident Conditions and Natural Phenomenon Events

5 rem to the whole body or any organ of any individual located at or
beyond the nearest boundary of the controlled area.

The controlled area boundary dose calculations and
minimum controlled area boundary distances under normal
conditions are presented in Section 10.4.

Contribution to the controlled area boundary dose rate from
other facilities co-located with the ISFSI are beyond the
scope of the SAR, and are addressed on a site-specific basis
by the ISFSI operator.

Section 10.2.2 indicates that the controlled area boundary
dose as a result of an accident will not exceed 5 rem to any
organ, exclusive of skin.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 10 — Radiation Protection

Area Regulatory Requirement Description of Compliance
4. ALARA As a minimum, the proposed ALARA policy must fulfill the following The description of the ALARA considerations of the system
criteria: are provided in Section 10.1.
a. To the extent practicable, the applicant should employ procedures The operating procedures provided in Chapter 8 are
and engineering controls that are founded upon sound radiation developed to keep occupational doses ALARA.

protection principles.

b. Any design change should account for radiation protection,
technological, and economical considerations.

c. The applicant should have a written policy statement reflecting
management commitment to maintain occupational and public
exposures to radiation and radioactive material ALARA.

1-47




NAC-MPC FSAR
Docket No. 72-1025

April 2000
Revision 0

Table 1-2 NUREG-1536 Compliance Matrix (Continued)
Chapter 11 — Accident Analysis
Area Regulatory Requirement Description of Compliance
1. Credible Accident and

Natural Phenomena

Structures, systems, and components (SSC) important to safety must
be designed to withstand credible accidents and natural phenomena

without impairing their ability to perform safety functions. [10 CFR
72.24(d)(2); 10 CFR 72.122(b)(2), (3), (d), and (g)]

Analyses of the system for a variety of postulated off-
normal and accident conditions are presented in Sections
11.1 and 11.2, respectively.

2. Controlled Area Boundary During normal operations and anticipated occurrences, the annual The controlled area boundary dose calculations and
Dose dose equivalent to any real individual who is located beyond the minimum controlled area boundary distances under normal
controlled area must not exceed 25 mrem to the whole body, 75 conditions are presented in Section 10.4.
mrem to the thyroid and 25 mrem to any other organ as a result of
exposure to the sources listed in the regulations. [10 CFR 72.104(a);
10 CFR 72.236(d); and 10 CFR 72.24(d)]
3. Design Basis Accident Dose Limits for Design-Basis Accidents require that any individual Section 10.2.2 indicates that the controlled area boundary
Dose located on or beyond the nearest boundary of the controlled area dose as a result of an accident will not exceed 5 rem to any
shall not receive a dose greater than 5 rem to the whole body or any | organ, exclusive of skin.
organ from any design basis accident. [10 CFR 72.106(b); 10 CFR
72.24(m); and 10 CFR 72.24(d)(2)]

4. Criticality Control The spent fuel must be maintained in a subcritical condition under Section 6.4 presents the results of the criticality evaluation

credible conditions. [10 CFR 72.236(c) and 10 CFR 72.124(a)] of the storage cask for the most reactive credible conditions,
including the consequences of the off-normal and accident
condition events evaluated in Sections 11.1 and 11.2,
respectively.

3. Confinement Control The cask and its systems important to safety must be evaluated, using | As stated in Section 7.3, the confinement system maintains
appropriate tests or by other means acceptable to the Commission, to | its integrity for all credible off-normal and accident
demonstrate that they will reasonably maintain confinement of conditions.
radioactive material under credible accident conditions. [10 CFR
72.236(D)]

6. Ready Retrieval of Spent

Fuel

Storage systems must allow ready retrieval of spent fuel for further
processing or disposal. [10 CFR 72.122(1)]

The off-normal and accident condition analyses presented in
Sections 11.1 and 11.2 demonstrate that the spent fuel
contents are protected during off-normal and accident
conditions. Therefore, retrieval of the spent fuel from the
system is not impacted by these postulated events.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 11 — Accident Analysis

Area

Regulatory Requirement

Description of Compliance

7. Monitoring Systems

Instrumentation and control systems must be provided to monitor
systems that are important to safety over anticipated ranges for
normal operation and off-normal operation. Those instruments and
control systems that must remain operational under accident
conditions must be identified in the Safety Analysis Report.

[10 CFR 72.122(i)]

The system utilizes temperature monitoring instrumentation
but utilizes routine inspection and surveillance to verify
proper thermal operation of the system. The confinement
system is fully welded and is leak tested to leaktight criteria
as specified in Appendix 12A, Section 3.1.4. No seal
monitoring is required.

8. Surveillance

Where instrumentation and control systems are not appropriate,
storage confinement systems must have the capability for continuous
monitoring in a manner such that the licensee will be able to
determine when corrective action needs to be taken to maintain safe
storage conditions. {72.122(h)(4)]

No active, continuous monitoring systems are required.
Licensee radiological monitoring programs assure ISFSI
operations meet 10 CFR 72.104 and 72.106 requirements.
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NUREG-1536 Compliance Matrix (Continued)

Chapter 11 — Accident Analysis

Area

Acceptance Criteria

Description of Compliance

1. Dose Limits for Off-
Normal Events

During normal operations and anticipated occurrences, the
requirements specified in 10 CFR Part 20 must be met. In addition
the annual dose equivalent to any individual 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 organ as a result of
exposure to the following sources:

a. planned discharges to the general environment of radioactive
materials (with the exception of radon and its decay products)

b. direct radiation from operations of the independent spent fuel
storage installation (ISFSI)

¢.  any other cumulative radiation from uranium fuel cycle
operations (i.e., nuclear power plant) in the affected area

The controlled area boundary dose calculations and
minimum controlled area boundary distances under normal
conditions are presented in Section 10.4. No off-normal
events are postulated that would result in a controlled area
boundary dose in excess of the normal condition analysis.

2. Dose Limit for Design-
Basis Accidents

Any individual located at or beyond the nearest controlled area
boundary must not receive a dose greater than 5 rem to the whole
body or any organ from any design-basis accident.

Section 10.2.2 indicates that the controlled area boundary
dose as a result of an accident will not exceed 5 rem to any
organ, exclusive of skin.

3. Criticality

The spent fuel must be maintained in a subcritical condition under
credible conditions (i.e., ke equal to or less than 0.95). At least two
unlikely, independent, and concurrent or sequential changes must be
postulated to occur in the conditions essential to nuclear criticality
safety before a nuclear criticality accident is possible (double
contingency).

Section 6.4 presents the results of the criticality evaluation
of the storage cask for the most reactive credible conditions,
including the consequences of the off-normal and accident
condition events evaluated in Sections 11.1 and 11.2,
respectively.

As stated in Section 6.1, the criticality analyses are
performed for the most reactive credible configuration of
the cask, at the highest enrichment, without credit for fuel
burnup, and at the most reactive internal water moderator
density, even though it is stated that water intrusion is not a
credible event. Therefore, criticality cannot occur unless
two separate events, such as (1) misloading a higher than
design-basis enrichment, unirradiated fuel assembly and (2)
water intrusion, occur,
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NUREG-1536 Compliance Matrix (Continued)

Chapter 11 - Accident Analysis

Area

Acceptance Criteria

Description of Compliance

4. Confinement

The cask and its systems important to safety must be evaluated, using
appropriate tests or by other means acceptable to the Commission, to
demonstrate that they will reasonably maintain confinement of
radioactive material under credible accident conditions.

As stated in Section 7.3, the confinement system maintains
its integrity for all credible off-normal and accident
conditions.

5. Retrievability

Retrievability is the capability to return the stored radioactive
material to a safe condition without endangering public health and
safety. This generally means ensuring that any potential release of
radioactive materials to the environment or radiation exposures is not
in excess of the limits in 10 CFR 20 or 10 CFR 72.122(h)(5). ISFSI
and MRS storage systems must be designed to allow ready retrieval
of the stored spent fuel or high level waste (MRS only) for
compliance with 10 CFR 72.122(1).

The off-normal and accident condition analyses presented in
Sections 11.1 and 11.2 demonstrate that the spent fuel
contents are protected during off-normal and accident
conditions. Therefore, retrieval of the spent fuel from the
system is not impacted by these postulated events.

6. Instrumentation

The SAR must identify all instruments and control systems that must
remain operational under accident conditions.

The system does not utilize instrumentation and control
systems, but utilizes routine inspection and surveillance to
verify proper operation of the system.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 12 — Operating Controls and Limits

Regulatory Requirement | Description of Compliance

1. General Requirement for Technical Specifications

The applicant shall propose technical specifications (complete with acceptable bases
and adequate justification). These specifications must include the following five areas
[10 CFR 72.44(c), 10 CFR 72.24(g), and 10 CFR 72.26]:

a. functional/operating limits, monitoring instruments, and limiting controls Functional and operating limits are specified in Appendix 124,
Section 2.0.
b. limiting conditions

Limiting conditions for operation are specified in Appendix 12A,

¢. surveillance requirements Section 3.0.
d. design features Surveillance requirements are specified in Appendix 12A, Section 3.0.
€. administrative controls Design features are specified in Appendix 12A, Section 4.0.

Subpart E, “Siting Evaluation Factors,” and Subpart F, “General Design Criteria,” to Administrative controls are specified in Section 12.5.

10 CFR Part 72, provide the bases for the cask system design and, hence, are
applicable as bases for appropriate technical specifications.

2. Specific Requirements for Technical Specifications — Storage Cask Approval

As a condition of approval, the design, fabrication, testing, and maintenance of a spent | The operating controls, limits, and surveillance activities specified in Chapter
fuel DCSS must comply with the requirements of 10 CFR 72.236. [10 CFR 72.234(a)] | 12 are intended to ensure that the system is maintained within its design basis

through all normal, off-normal, and accident conditions.
10 CFR 72.236 Specific Requirements for Spent Fuel Storage Cask Approval

1-52




NAC-MPC FSAR April 2000
Docket No. 72-1025 Revision 0

Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 12 — Operating Controls and Limits

Regulatory Requirement Description of Compliance

The applicant must provide specifications for the spent fuel to be stored in the DCSS. Specifications for the spent fuel contents are provided in Appendix 124,
At a minimum, these specifications should include, but not be limited to the following | Tables 12A2-1 and 12A2-2.
details [10 CFR 72.236(a)]:

type of spent fuel (i.e., BWR, PWR, or both) As specified in Appendix 12A, Section 3.1.3, the canister is backfilled with
maximum allowable enrichment of the fuel prior to any irradiation helium gas to maintain an inert atmosphere for the spent fuel.

burn-up (i.e., megawatt-days/MTU)

minimum acceptable cooling time of the spent fuel prior to storage in the DCSS
(minimum 1 year)

maximum heat that the DCSS system is designed to dissipate

maximum spent fuel loading limit weights and dimensions

condition of the spent fuel (i.e., intact assembly or consolidated fuel rods)

. __inerting atmosphere requirements

oo

:--.:-:-'.,S'g

The applicant must provide design bases and design criteria for structures, systems, and | The design bases and criteria for the system are specified in Section 2.2.
components (SSCs) important to safety. [10 CFR 72.236(b)]

The applicant must design and fabricate the DCSS so that the spent fuel will be As shown in Section 6.4, the spent fuel is maintained in a subcritical
maintained in a subcritical condition under credible conditions. {10 CFR 72.236(c)] configuration under all credible configurations.
The applicant must provide radiation shielding and confinement features that are The maximum external dose rates for the system are specified in Appendix

sufficient to meet the requirements in 10 CFR 72.104 and 72.106 regarding radioactive | |2A, Section 3.2.1. These limits are established to ensure that, for the
material in effluents, direct radiation, and area control. [10 CFR 72.236(d) and 10 CFR

minimum controlled area boundary distance presented in Section 10.4, the
Part 20]

controlled area boundary annual dose will be maintained within allowable

10 CFR 72.104 Criteria for Radioactive Materials in Effluents and Direct limits.
Radiation from an ISFSI or MRS

10 CFR 72.106 Controlled Area of an ISFSI or MRS
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 12 - Operating Controls and Limits

Regulatory Requirement

Description of Compliance

The applicant must design the DCSS to meet the following criteria:

*  Provide redundant sealing of confinement systems. [10 CFR 72.236(e)]

*  Provide adequate heat removal capacity without active cooling systems. [10 CFR
72.236(1)]

*  Safely store the spent fuel for a minimum of 20 years and permit maintenance as
required. [10 CFR 72.236(g)]

*__ Facilitate decontamination to the extent practicable. [10 CFR 72.236(i)]

The redundant sealing features of the confinement system are presented in
Section 2.3.2.1 and Chapter 7.

As shown in Table 4.1-4, the system provides adequate heat removal through
the passive cooling design features described in Section 4.1.

Section 1.1 and Table 2-1 specify a 50-year design life for the system.
Routine maintenance is permitted as specified by Section 9.2.

Decommissioning of the system is discussed in Section 2.4.

The DCSS must be compatible with wet or dry spent fuel loading and unloading
facilities. [10 CFR 72. 236(h)]

The operating procedures for the system are presented in Chapter 8, and
include procedures for wet and dry loading and unloading operations.

The applicant must inspect the DCSS to ascertain that there are no cracks, pinholes,
uncontrolled voids, or other defects that could significantly reduce its confinement
effectiveness. [10 CFR 72.236(j)]

As described in Section 9.1.1, the canister is visually and non-destructively
examined prior to use.

The applicant must evaluate the DCSS, and its systems important to safety, using
appropriate tests or other means acceptable to the Commission, to demonstrate that
they will reasonably maintain confinement of radioactive material under normal, off-
normal, and credible accident conditions. [10 CFR 72.236(1)]

The canister is analyzed for normal conditions in Section 3.4.4.1, and for off-
normal and accident conditions in Sections 11.1 and 11.2, respectively.
Because the canister maintains adequate positive margins of safety, the
system will reasonably maintain confinement under all credible conditions.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 13 — Quality Assurance

Regulatory Requirement Description of Compliance

According to 10 CFR 72.24, “Contents of Application: Technical Information,” the A synopsis of the NAC Quality Assurance Program is presented in Section
application must include, at a minimum, a description that satisfies the requirements of | 13.2. This program description is consistent with the 18 criteria specified in
10 CFR Part 72, Subpart G, “Quality Assurance,” with regard to the QA program to be | Subpart G. The Quality Assurance Program is approved by the NRC under
applied to the design, fabrication, construction, testing, and operation of the DCSS 10 CFR 71, Subpart H.

SSCs important to safety. Moreover, Subpart G states that the licensee shall establish
the QA program at the earliest practicable time consistent with the schedule for
accomplishing the activities.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 13 — Quality Assurance

Area Acceptance Criteria Description of Compliance
1. Quality Assurance The SAR should describe (and illustrate in an appropriate chart) the | The QA organization is described in Section 13.2.1. An
Organization organizational structure, interrelationships, and areas of functional organizational chart is provided in Figure 13.2-1.

responsibility and authority for all organizations performing quality-
and safety-related activities, including both the applicant’s
organization and principal contractors, if applicable. Persons or
organizations responsible for ensuring that an appropriate QA
program has been established and verifying that activities affecting
quality have been correctly performed should have sufficient
authority, access to work areas, and organizational freedom to carry
out that responsibility.

2. Quality Assurance
Program

The SAR should provide acceptable evidence that the applicant’s
proposed QA program will be well-documented, planned,
implemented, and maintained to provide the appropriate level of
control over activities and SSCs, consistent with their relative
importance to safety.

The implementation of the QA program is described in
Section 13.2.2.

3. Design Control

The SAR should describe the approach that the applicant will use to
define, control, and verify the design and development of the DCSS.
An effective design control program will provide assurance that the
proposed DCSS will be appropriately designed and tested and will
perform its intended function.

Design control is described in Section 13.2.3.

4. Procurement Document
Control

Documents used to procure SSCs or services should include or
reference applicable design bases and other requirements necessary
to ensure adequate quality. To the extent necessary, these
procurement documents should require that suppliers have a QA
program consistent with the quality level of the SSCs or services to
be procured.

Procurement document control is described in Section
13.2.4.

5. Imstructions, Procedures,
and Drawings

The SAR should define the applicant’s proposed procedures for
ensuring that activities affecting quality will be prescribed by, and
performed in accordance with, documented instructions, procedures,
or drawings of a type appropriate for the circumstances.

Procedures, instructions and drawings are described in
Section 13.2.5.

6. Document Control

The SAR should define the applicant’s proposed procedures for
preparing, issuing, and revising documents that specify quality
requirements or prescribe activities affecting quality. These
procedures should provide adequate control to ensure that only the
latest documents are used. In addition, the applicant’s authorized
personnel should carefully review and approve the accuracy of all
documents and associated revisions before they are released for use.

Document control is described in Section 13.2.6.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)
Chapter 13 — Quality Assurance
Area Acceptance Criteria Description of Compliance
7. Control of Purchased The SAR should define the applicant’s proposed procedures for Control of purchased items and services is described in

Material, Equipment, and
Services

controlling purchased material, equipment, and services to ensure
conformance with specified requirements.

Section 13.2.7.

8. Identification and Control | The SAR should define the applicant’s proposed provisions for Identification and control of material, parts and components
of Materials, Parts, and identifying and controlling materials, parts, and components to are described in Section 13.2.8.
Components ensure that incorrect or defective SSCs are not used.
9. Control of Special The SAR should describe the controls that the applicant will Control of special processes is described in Section 13.2.9.
Processes establish to ensure the acceptability of special processes (such as
welding, heat treatment, nondestructive testing, and chemical
cleaning) and that they are performed by qualified personnel using
qualified procedures and equipment.
10. Licensee Inspection The SAR should define the applicant’s proposed provisions for Inspection is described in Section 13.2.10.
inspection of activities affecting quality to verify conformance with
instructions, procedures, and drawings.
11. Test Control The SAR should define the applicant’s proposed provisions for tests | Test control is described in Section 13.2.11.
to verify that SSCs conform to specified requirements and will
perform satisfactorily in service. The applicant should specify test
requirements in written procedures, including provisions for
documenting and evaluating test results. In addition, the applicant
should establish qualification programs for test personnel.
12. Control of Measuring and | The SAR should define the applicant’s proposed provisions to ensure | Control of measuring and test equipment is described in
Test Equipment that tools, gauges, instruments, and other measuring and testing Section 13.2.12.
devices are properly identified, controlled, calibrated, and adjusted at
specified intervals.
13. Handling, Storage, and The SAR should define the applicant’s proposed provisions to Handling, storage and shipping are described in Section
Shipping Control control the handling, storage, shipping, cleaning, and preservation of | 13.2.13.

SSCs in accordance with work and inspection instructions to prevent
damage, loss, and deterioration.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 13 ~ Quality Assurance

Area Acceptance Criteria Description of Compliance
14. Inspection, Test, and The SAR should define the applicant’s proposed provisions to Inspection, test, and operating status are described in
Operating Status control the inspection, test, and operating status of SSCs to prevent Section 13.2.14.

inadvertent use or bypassing of inspections and tests.

15. Nonconforming Materials,
Parts, or Components

The SAR should define the applicant’s proposed provisions to
control the use or disposition of nonconforming materials, parts, or
components.

Control of nonconforming items is described in Section
13.2.15.

16. Corrective Action

The SAR should define the applicant’s proposed provisions to ensure
that conditions adverse to quality are promptly identified and
corrected and that measures are taken to preclude recurrence.

Corrective action is described in Section 13.2.16.

17. Quality Assurance

The SAR should define the applicant’s proposed provisions for

Records are described in Section 13.2.17.

Records identifying, retaining, retrieving, and maintaining records that
document evidence of the control of quality for activities and SSCs
important to safety.
18. Audits The SAR should define the applicant’s proposed provisions for Audits are described in Section 13.2.18.

planning, scheduling, and conducting audits to verify compliance
with all aspects of the QA program, and to determine the
effectiveness of the overall program. The SAR should clearly
identify responsibilities and procedures for conducting audits,
documenting and reviewing audit results, and designating
management levels to review and assess audit results. In addition, the
SAR should describe the applicant’s provisions for incorporating the
status of audit recommendations in management reports.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapter 14 — Decommissioning

Area

Regulatory Requirement

Description of Compliance

1. Facility Design Features

The ISFSI or MRS must be designed for decommissioning.
Provisions must be made to facilitate decontamination of structures
and equipment, minimize the quantity of radioactive wastes and
contaminated equipment, and facilitate the removal of radioactive
wastes and contaminated materials at the time the ISFSI or MRS is
permanently decommissioned. [10 CFR 72.130.]

The design of the ISFSI facility is site-specific, and thus not
applicable to a DCSS.

Decommissioning considerations are discussed in Section
2.4.

2. Cask Design Features

The cask must be designed to facilitate decontamination to the extent
practicable. [10 CFR 72.236(i).]

The decontamination features of the system are discussed in
Section 2.4.

3. Financial / Records

The requirements for financial assurance and record keeping
associated with decommissioning are found in 10 CFR 72.30.

10 CFR 72.30 Financial Assurance and Recordkeeping for
Decommissioning

Financial and record keeping issues are site-specific, and
thus not applicable to a DCSS.

4. License Termination

The requirements for terminating an ISFSI license and
decommissioning ISFSI sites and buildings are found in 10 CFR
72.54, including the requirements for submitting the final
decommissioning plan.

ISFSI license termination is a site-specific issue, and thus
not applicable to a DCSS.

Chapter 14 ~ Decommissioning

Acceptance Criteria

Description of Compliance

1. Decontamination of buildings and equipment, as specified in RG 1.86.

The decontamination features of the system are discussed in
Section 2.4.

2. Classification and disposal of wastes, as contained in 10 CFR 61.55.

Not applicable.
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1.1 Introduction

The NAC-MPC system is a transport compatible dry storage system that uses a vertical concrete
storage cask and a stainless steel transportable storage canister (canister) with a welded closure to
safely store irradiated nuclear fuel (spent fuel). The canister is stored in the central cavity of the
concrete cask and is compatible with the NAC-STC transport cask for future off-site shipment.
The concrete storage cask provides radiation shielding and contains internal air flow paths that
allow the decay heat from the canister contents to be removed by natural air circulation around
the canister wall. The system is designed to meet the requirements for storage of Yankee Class
spent fuel. The NAC-MPC is designed and analyzed for a 50-year life.

The principal components of the NAC-MPC system are the canister, the vertical concrete cask
and the transfer cask. The loaded canister is moved to and from the concrete cask with the
transfer cask. The transfer cask provides radiation shielding while the canister is being closed
and sealed and while the canister is being transferred. The canister is placed in the concrete cask
by positioning the transfer cask with the loaded canister on top of the concrete cask and lowering
the canister into the concrete cask. Figure 1.1-1 depicts the major components of the NAC-MPC
system and shows the transfer cask positioned on the top of the concrete cask.

The NAC-MPC is designed to safely store up to 36 intact Yankee Class spent fuel and
reconfigured fuel assemblies. The fuel is initially loaded into a canister containing a fuel basket.
Figure 1.1-2 depicts the canister and the spent fuel basket. The design characteristics of the
NAC-MPC are shown in Table 1.1-1.

Yankee Class fuel includes United Nuclear, Combustion Engineering, Exxon-ANF, and
Westinghouse Type A and Type B fuel designs. The Type A and Type B fuel designs are
complementary configurations that accommodate the use of a cruciform control blade in reactor
operations. The fuel specifications that serve as the design basis for the NAC-MPC are presented
in Section 2.1.

The system design and analyses were performed in accordance with Title 10, Code of Federal

Regulations, Part 72 (10 CFR 72), ANSI/ANS 57.9-1984 and the applicable sections of the
ASME Boiler and Pressure Vessel Code and the American Concrete Institute Code.
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Figure 1.1-1 Major Components of the NAC-MPC System
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P Figure 1.1-2 Transportable Storage Canister Showing the Spent Fuel Basket
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Table 1.1-1  Design Characteristics of the NAC-MPC

Design Characteristic Dimension’ Material
Canister
- Shell 5/8 thick Plate Type 304L Stainless Steel
- Bottom 1.0 thick Plate Type 304L Stainless Steel
- Shield Lid 5.0 thick Plate Type 304 Stainless Steel
- Structural Lid 3.0 thick Plate Type 304L Stainless Steel

Canister Fuel Basket

- End Weldments 0.5 x 68.98 dia. Type 304 Stainless Steel

- Support Disks 0.5 x 69.15 dia. Type 17-4 PH Stainless Steel

- Heat Transfer Disks 0.5 x 68.70 dia. Type 6061-T6 Aluminum Alloy

- Tube 7.80x7.80x 0.048 | Type 304 Stainless Steel encasing BORAL
- Spacers 2.5 diameter Type 304 Stainless Steel

- Tie Rods (8) 1-1/8 diameter Type 304 Stainless Steel

1. Dimensions in inches unless otherwise noted.
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Table 1.1-1  Design Characteristics of the NAC-MPC (Continued)
Design Characteristic Dimension’ Material
Transfer Cask
- Outer Shell 1.5 x 86.5 dia. ASTM A588 Low Alloy Steel
- Inner Shell 0.75 x 73.0 dia. ASTM A588 Low Alloy Steel
- Retaining Ring 0.75 x 80.8 dia. ASTM A588 Low Alloy Steel
- Trunnions 10.0 dia. A350 LF2 Carbon Steel
- Bottom Plate 1.0 thick Plate ASTM A588 Low Alloy Steel
- Top Plate 2.0 thick Plate ASTM A588 Low Alloy Steel
-Shield Doors 9 1/2 thick Plate A350 LF2 Carbon Steel
- Door Rails 9.88x 6.5 A350 LF2 Carbon Steel
- Gamma Shield 3.5 thick ASTM B29, Chem. Grade Lead
- Neutron Shield 2.0 thick NS-4-FR, Solid Synthetic Polymer
Transfer Adapter
- Base Plate 2 thick Plate ASTM A36 Carbon Steel
- Locating Ring 2.0 wide x 78.25 dia. ASTM A36 Carbon Steel

1. Dimensions in inches unless otherwise noted.
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Table 1.1-1  Design Characteristics of the NAC-MPC (Continued)
Design Characteristic Dimension’ Material
Vertical Concrete Cask
Weldment Structure
- Shell 3.5 thick x 86.0 dia. ASTM A36 Carbon Steel
- Top Flange 2.0 thick x 97.9 dia. ASTM A36 Carbon Steel
- Support Ring 2.5 thick x 79.0 dia. ASTM A36 Carbon Steel
- Base Plate 2.0 thick x 72.0 dia. ASTM A36 Carbon Steel
Concrete Cask
- Concrete Shell 21.0 thick x 128 dia. Type II Portland Cement

- Shield Plug

- Top Plate

- Rebar

5.13 x 78.5 dia.

1.5 thick x 92.1 dia.

Various

ASTM A36, Carbon Steel
NS-4-FR

ASTM A36, Carbon Steel

ASTM A615, GR 60, Carbon Steel

1. Dimensions in inches unless otherwise noted.
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1.2 The NAC-MPC System

The NAC-MPC system provides long-term storage and subsequent transport of Yankee Class
spent fuel using the certified NAC-STC. During long-term storage, the system provides an inert
environment; passive shielding, cooling, and criticality control; and, a confinement boundary
closed by welding. The structural integrity of the system precludes the release of contents in any
of the design basis normal conditions and off-normal or accident events, thereby assuring public

health and safety during use of the system.

1.2.1 NAC-MPC System Components

The NAC-MPC system consists of three principal components:

o Transportable storage canister (canister),
¢ Vertical concrete cask, and

e Transfer cask.
Ancillary equipment needed to use the NAC-MPC System is:

e Automated or manual welding equipment;

o An air pallet or hydraulic roller skid (used to move the storage cask on and off the
heavy haul transfer trailer and to position the storage cask on the storage pad);

» Suction pump, vacuum drying, helium backfill and leak detection equipment;

e A heavy haul trailer or cask transporter (for storage cask transport to the storage pad);

o Adapter plate and hardware to position the transfer cask with respect to the storage or
transport cask; and,

e A lifting yoke for the transfer cask and lifting slings for the canister and canister lids.

In addition to these items, the system requires utility services (electric, air and water), common
tools and fittings, and miscellaneous hardware.

The transportable storage canister is designed to be transported in the NAC-STC Storable

Transport Cask (Certificate of Compliance No. 71-9235). The transport load conditions produce
higher stresses in the canister than would be produced by the storage load conditions alone.
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Consequently, the canister design is conservative with respect to storage conditions. The
evaluation of the canister for transport conditions is found in the Safety Analysis Report for the
NAC-STC Storable Transport Cask, Docket No. 71-9235.

1.2.1.1 Transportable Storage Canister and Baskets

The transportable storage canister contains a basket that accommodates up to 36 intact Yankee
Class spent fuel assemblies and reconfigured fuel assemblies (RFA) up to a total contents weight
of 30,600 pounds.

The canister assembly consists of a right circular cylindrical shell with a welded bottom plate, a
fuel basket, a shield lid, two penetration port covers, and a structural lid. The cylindrical shell,
plus the bottom plate and lids, constitutes the confinement boundaries. The fuel basket is based
on the directly loaded fuel basket design used in the certified NAC-STC. This basket features the
NAC-patented poison tubes and stacked disk design with heat transfer disks. The basket was
analyzed using the ANSYS computer code to demonstrate that it can withstand the horizontal
drop loads without deforming in a way that damages or constrains a fuel assembly. This tube and
disk design has been accepted and approved by the NRC, pursuant to 10 CFR 71 and 10 CFR 72.
Table 1.2-1 summarizes the major physical design parameters of the canister.

The fuel basket design is a right-circular cylinder configuration with 36 fuel tubes laterally
supported by a series of support disks, which are retained by spacers on eight radially located tie
rods. The support disks are stainless steel (17-4 PH) with holes for the poison fuel tubes. The
basket top and bottom weldments are fabricated from Type 304 stainless steel. The tie rods and
spacer sleeves are also fabricated from Type 304 stainless steel. The fuel assemblies are
contained in fuel tubes. The fuel tubes are fabricated from Type 304 stainless steel with encased
BORAL sheets on all four outside surfaces of the fuel tube. The BORAL provides criticality
control in the basket.

The heat transfer disks are aluminum with holes for the fuel tubes. The heat transfer disks are
spaced midway between the support disks and are the primary path for conducting the heat from
the fuel assemblies to the canister wall. Holes in the heat transfer disks for the tubes and tie rods
are sized to accommodate thermal expansion occurring after the fuel is placed into the basket.
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The fuel basket tube and disk design provides the structural integrity to maintain the spent fuel in
a subcritical configuration during normal operations and the hypothetical accident events, even if
optimum moderator condition and fresh fuel are assumed. With the most reactive fuel, the fuel
basket maintains Kegr <0.95. Subcriticality is assured assuming fresh fuel loading and no soluble
boron in the spent fuel pool water during fuel loading operations.

The transportable storage canister assembly is designed to facilitate filling with water and
subsequent draining and drying. A rounded notch is located at the bottom of each fuel tube,
ensuring free flow of water between the inner tube regions and the disk regions. Each of the
disks also has three holes to supplement the flow of water between disks. In addition, the bottom
plate is positioned by supports above the bottom of the canister to facilitate water flow to the

drain line.

The canister is fabricated from 5/8-inch thick Type 304L stainless steel rolled plate, joined at its
edges by a full penetration weld, which is radiographed. The bottom closure is a 1-inch thick
Type 304L stainless steel plate joined to the canister shell by a full penetration weld, which is
ultrasonically examined. The stainless steel material was selected to be compatible with the
DOE MPC program guidelines for future disposal and to minimize the potential for any adverse
chemical reactions in the spent fuel pool. The design of the shield lid and structural lid allows a
redundant confinement seal at the top of the canister. Each lid weld is liquid penetrant examined.

The vent and drain ports through the shield lid allow the inner cavity to be drained, evacuated,
and backfilled with helium to provide an inert atmosphere for long-term dry storage. The drain
port is equipped with a quick disconnect fitting and a drain tube that extends nearly to the bottom
of the canister. The vent port extends to the underside of the shield lid and is equipped with a
quick disconnect fitting used for vacuum drying and helium backfilling. After draining, drying,
backfilling, and testing operations are complete, port covers are installed and welded to the shield
lid to seal the penetration.

A summary of the canister fabrication specifications is presented in Table 1.2-2.
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1.2.1.2 Vertical Concrete Cask

The vertical concrete cask (storage cask) is the storage overpack for the transportable storage
canister. It provides structural support, shielding, protection from environmental conditions, and
natural convection cooling of the canister during long-term storage. Table 1.2-3 lists the
principal physical design parameters of the storage cask. The storage cask is a reinforced
concrete (Type II Portland cement) structure with a structural steel inner liner. The concrete wall
and steel liner provide the neutron and gamma radiation shielding to reduce the average contact
dose rate to less than 50 millirem per hour for design basis fuel. Inner and outer reinforcing steel
(rebar) assemblies are contained within the concrete. The reinforced concrete wall provides the
structural strength to protect the canister and its contents in natural phenomena events such as
tornado wind loading and wind driven missiles. The storage cask incorporates reinforced
chamfered corners at the edges to facilitate construction. “Fire block,” an insulating material
provided by BISCO, is placed on the base of the cavity to prevent contact between the stainless
steel canister and the carbon steel pedestal. The storage cask is shown in Figure 1.2-1.

The storage cask has an annular air passage to allow the natural circulation of air around the
canister to remove the decay heat from the spent fuel. The air inlet and outlet vents are steel-
lined penetrations that take nonplanar paths to the concrete cask cavity to minimize radiation
streaming. The decay heat is transferred from the fuel assemblies to the tubes in the fuel basket
and through the heat transfer disks to the canister wall. Heat flows by radiation and convection
from the canister wall to the air circulating through the concrete cask annular air passage and is
exhausted through the air outlet vents. This passive cooling system is designed to maintain the
peak cladding temperature of both stainless steel and zircaloy clad fuel well below acceptable
limits during long-term storage. This design also maintains the bulk concrete temperature below
150°F and localized concrete temperatures below 200°F in normal operating conditions.

The top of the storage cask is closed by a shield plug and lid. The shield plug is approximately 5
inches thick and incorporates carbon steel plate as gamma radiation shielding and NS-4-FR as
neutron radiation shielding. A carbon steel lid that provides additional gamma radiation
shielding is installed above the shield plug. The shield plug and lid reduce skyshine radiation
and provide a cover and seal to protect the canister from the environment and postulated tornado
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missiles. The lid is bolted in place and has tamper indicating seals on two of the installation

bolts.

Fabrication of the storage cask involves no unique or unusual forming, concrete placement, or
reinforcement requirements. The concrete portion of the storage cask is constructed by placing
concrete between a reusable, exterior form and the inner metal liner. Reinforcing bars are used at
the inner and outer concrete surfaces to provide structural integrity. The inner liner and base of

the storage cask are shop fabricated.

The principal fabrication specifications for the storage cask are shown in Table 1.2-4.

1.2.1.3 Transfer Cask

The transfer cask, with its lifting yoke, is primarily a lifting device used to move the canister
assembly. It provides biological shielding when it contains a loaded canister. The transfer cask
is used for the vertical transfer of the canister between work stations and the storage cask, or
transport cask. The general arrangement of the transfer cask and canister is shown in Figure
1.2-5, and the arrangement of the transfer cask and concrete cask is shown in Figure 1.2-6. The
configuration of the transfer cask, canister and concrete cask during loading of the concrete cask

is shown in Figure 1.2-7.
Table 1.2-5 shows the principal design parameters of the transfer cask.

The transfer cask is a multiwall (steel/lead/NS-4-FR neutron shield/steel) design, which limits
the average contact radiation dose rate to less than 200 mrem/hr. The transfer cask design
incorporates a top retaining ring, which is bolted in place, that prevents a loaded canister from
being inadvertently removed through the top of the transfer cask. The transfer cask has
retractable bottom shield doors. During loading operations, the doors are closed and secured by
pins, so they cannot inadvertently open. During unloading, the doors are retracted using
hydraulic cylinders to allow the canister to be lowered into the storage or transport casks. The
transfer cask is shown in Figure 1.2-2.

To qualify the transfer cask as a heavy lifting device, it is designed, fabricated, and load tested to
the requirements of NUREG-0612 and ANSI N14.6.

To minimize potential contamination during loading operations in the spent fuel pool, clean
water is circulated in the gap between the transfer cask interior surface and the canister exterior
surface. The transfer cask has two supply and two discharge lines passing through its wall.
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These lines allow hoses to be connected and clean water to be pumped into and through the

annular gap to preclude the intrusion of pool water when the canister is being loaded.

Exposed surfaces of the transfer cask, other than the load-bearing surfaces of the trunnions and
the bottom door rails, are coated with Keeler & Long E-Series epoxy enamel to protect the
carbon steel and to provide a smooth surface to facilitate decontamination.

1.2.14 Auxiliary Equipment

This section presents a brief description of the principal auxiliary equipment needed to operate
the NAC-MPC in accordance with its design.

1.2.14.1 Adapter Plate

The adapter plate is a carbon steel table that bolts to the top of the vertical concrete (storage) cask or
the NAC-STC and mates the transfer cask to either of those casks. It has a large center hole that
allows the transportable storage canister to be raised or lowered through the plate into or out of the
transfer cask. Rails are incorporated in the adapter plate to guide and support the bottom shield
doors of the transfer cask when they are in the open position. The adapter plate also supports the
hydraulic system and the actuators that open and close the transfer cask bottom doors.

12142 Air Pad Rig Set

The air pad rig set (air pad set) is a commercially available device, sometimes referred to as an
air pallet. When inflated, the air pad set lifts the concrete cask by using high volume air. The air
pads employ a continuous, regulated air flow and a control system that equalizes lifting heights
of the four air pads by regulating compressed air flow to each of the air pads. The compressed
air supply creates an air filler between the inflated air cushion and the supporting surface. The
thin film of air allows the concrete cask to be lifted and moved. Once lifted, a suitable towing

vehicle, such as a commercial tug or forklift can move the storage cask.

1.2.14.3 Automatic Welding Svystem

The automatic welding system consists of commercially available components with a customized
weld head. The components include: a welding machine, a remote pendant, a carriage, a drive
motor and welding wire motor, and the weld head. The system is designed to make at least one
weld pass automatically around the canister after its weld tip is manually positioned at the proper
location. As a result, radiation exposure during canister closure is much less than would be
incurred from manual welding.
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1.2.144 Draining and Drying System

The draining and drying system consists of a suction pump and a vacuum pump. The suction
pump is used to remove free water from the canister cavity. The vacuum pump is a two-stage
unit for drying the interior of the canister. The first stage is a large capacity or “roughing” pump
intended to remove free water not removed by the suction pump. The second stage is a vacuum
pump used to evacuate the canister interior of the small amounts of remaining moisture and

establish the vacuum condition.

1.2.14.5 Helium Leak Test Equipment

A helium leak detector is required to verify the integrity of the welds of the canister shield lid.
The helium leak detector is the mass spectrometer type.

1.2.1.4.6 Heavy-Haul Trailer

The heavy haul trailer is used to move the vertical concrete storage cask. A special trailer has
been designed for transport of the empty or loaded storage cask. The design incorporates a built-
in jacking system that facilitates raising the storage cask to allow installation of the air pad set
used to move the cask onto the storage pad. The trailer incorporates both reinforcing to increase
the trailer load-bearing area and design features that reduce its turning radius. However, any
commercial double-drop-frame trailer having a deck height approximately matching that of the
storage pad could be used.

1.2.1.4.7 Lifting Jacks

Hydraulic jacks are installed at jacking pads in the bottom air ducts to lift the storage cask so that
the air pad set can be installed or removed. Four hydraulic pad jacks are provided, along with a
control panel, an electric hydraulic oil pump, an oil reservoir tank and all hydraulic lines and
fittings. The jacks are used to lift the cask approximately three inches. This permits installation
of four air pads under the concrete cask.
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1.2.14.8 Rigging and Slings

Load rated rigging attachments and slings are provided for major components. The rigging
attachments are swivel hoist rings that allow attachment of the slings to the hook. All slings are
commercially purchased to have adequate safety margin to meet the requirements of ANSI N14.6
and NUREG 0612. The slings include a concrete cask lid sling, concrete cask shield plilg sling,
and canister shield lid sling, loaded canister transfer sling (also used to handle the structural lid),
canister retaining ring sling. The appropriate rings or eye bolts are provided to accommodate

each sling and component.
The transfer cask lifting yoke is specially designed and fabricated for lifting the transfer cask. It
is designed to meet the requirements of ANSIN14.6 and NUREG 0612. It is single-failure-proof

by design. The transfer cask lifting yoke is initially load tested to 300 percent of the design load.

1.2.1.4.9 Temperature Instrumentation

The vertical concrete cask has four outlet vents near the top of the cask and four inlet vents at the
bottom. Each outlet is equipped with a permanent remote temperature detector mounted in the
outlet air plenum. The detector is used to measure the outlet air temperature, which can be read
at a display device located on the outside surface of the concrete cask or at a remote location.
The detectors are installed on all of the storage casks at the ISFSI. One inlet of one concrete
cask, or the ambient temperature of the ISFSI site, is also monitored.

1.2.1.5 Transport Cask

The transportable storage canister is designed to be transported in the NAC-STC. The canister is
positioned in the NAC-STC cavity with two axial spacers. The spacers are required because the
transport cask cavity length is 165 inches, while the length of the canister is 122.5 inches.

The NAC-STC is licensed by the NRC pursuant to 10 CFR 71 (Certificate of Compliance No.
71-9235). A request for an amendment to the NAC-STC Certificate of Compliance to
incorporate transport of the canister was submitted to the NRC on December 30, 1996. The
NAC-STC is designed for free interchange/rail shipment.
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The transport configuration of the NAC-STC is shown in Figure 1.2-3.

1.2.2 Operational Features

This section outlines the principal handling activities of the NAC-MPC storage system. The
system provides passive long-term storage of spent fuel in an inert environment. In storage, the
only active system is for temperature monitoring of the outlet air. This temperature is recorded
daily as a check of the thermal performance of the storage system design. This system does not
penetrate the confinement boundary and is not essential to the safe operation of the NAC-MPC.

The principal activities associated with the use of the system are closing the canister and loading
the canister in the storage cask. The transfer cask is designed to meet the requirements of these
operations. The transfer cask holds the canister during loading with fuel; provides biological
shielding during closing of the canister; and provides the means by which the loaded canister is
moved to, and installed in, the storage cask. The canister assembly consists of five principal
components: the canister shell (side wall and bottom), the shield lid, the vent port, the drain port
(together with the vent and drain port covers), and the structural lid. A drain tube extends from
the shield lid drain port to the bottom of the canister. The location of the drain and vent ports is

shown in Figure 8.1-1.

The vent and drain ports allow the draining, vacuum drying, and backfilling with helium
necessary to provide a dry, inert atmosphere for the contents. The vent and drain port covers, the
shield lid, the canister shell, and the joining welds form the primary confinement boundary. This
boundary is shown in Figure 7.1-1. A secondary confinement boundary is formed over the shield
lid by the structural lid and the weld that joins it to the canister shell. This boundary is shown in
Figure 7.1-2.

The structural lid contains the drilled and tapped holes for attachment of the swivel hoist rings
used to lift the loaded canister. The drilled and tapped holes are filled with bolts or plugs to
avoid collecting debris, and to preclude the possibility of radiation streaming from the holes,
when the hoist rings are not installed.
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The step-by-step procedures for use of the NAC-MPC system are presented in Chapter 8. The
following list presents a brief description of the principal activities. This list assumes that the
empty canister is installed in the transfer cask for spent fuel pool loading.

« Lift the transfer cask over the pool and start the flow of water to the transfer cask
annulus and canister. After the annulus and canister are filled, lower the cask to the
bottom of the pool.

» Load the selected spent fuel assemblies into the canister and set the shield lid.

e Raise the transfer cask from the pool. Decontaminate the transfer cask exterior as it
clears the pool surface. Drain the annulus. Place the transfer cask in the
decontamination area.

» Weld the shield lid to the canister shell. Pressure test the weld. Drain the pool water
from the canister. Attach the vacuum system to the drain line, and operate the system
to achieve a vacuum.

» Hold the vacuum and backfill with helium to 1 atmosphere. Restart the vacuum
system and remove the helium. After achieving vacuum, backfill and pressurize the
canister with helium.

o Helium leak check the shield lid weld. Vent the helium pressure to 1 atmosphere
(absolute). Install the vent and drain port covers and weld them to the shield lid.

o Install the structural lid and weld it to the canister shell. Install the hoist rings, and
attach the canister lifting sling. Install the adapter plate on the storage cask.

 Lift the transfer cask to the top of the storage cask and set it on the adapter plate,
ensuring that the bottom door hydraulic actuators are engaged.

 Attach the canister lifting slings to the crane hook and lift the canister.

¢ Open the bottom doors of the transfer cask.

» Lower the canister into the storage cask. Detach the canister slings from the hook.

» Remove the transfer cask and adapter plate. Remove the canister lifting slings.

» Install the shield plug and lid on the concrete cask.

* Move the loaded storage cask to the storage pad.

* Using the air pad rig set and a towing vehicle, move the storage cask to its designated
location on the storage pad.

The removal operations are essentially the reverse of these steps, except that weld removal and
cool down of the contents are required.
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The special equipment needed to operate the NAC-MPC system has been described in Section
1.2.1.4. Other items required are miscellaneous hardware, connection hose and fittings, and hand

tools typically found at a reactor site.
123 Cask Contents

The NAC-MPC is designed to store up to 36 Yankee Class spent fuel assemblies. The Yankee
Class fuel consists of fuel assemblies manufactured by Westinghouse, United Nuclear, Exxon,
and Combustion Engineering. The assemblies vary in initial enrichment from 3.5 to 4.94 wt %
2. Each manufacturer’s types of assemblies include two configurations identified as Type A
and Type B. The arrangement of fuel rods differ in each types to allow the fuel assembly to
accept a segment of a control blade used for criticality control. The characteristics of the Yankee
Class spent fuels are presented in Table 1.2-6. Unenriched fuel assemblies are not evaluated and

are not included as a proposed contents.

A canister may contain one or more Reconfigured Fuel Assemblies (RFA) designed to confine
Yankee Class intact or damaged spent fuel rods and fuel debris. The RFA is designed to confine
its contents during all storage and transport conditions. The assembly can accept up to 64 full
length spent fuel rods in an eight by eight array of tubes. A sketch of the assembly is provided in
Figure 1.2-4.

The Reconfigured Fuel Assembly consists of a shell (square tube with end fittings), a basket
assembly and 64 fuel tubes. The external dimensions of the shell are the same as those of a
standard Yankee Class spent fuel assembly and all materials are stainless steel. It is designed
such that it can be handled in the same manner as a standard Yankee Class spent fuel assembly.
The spent fuel is confined in the fuel tubes. The tubes are supported by a basket assembly within
the shell and have end plugs with drilled holes to permit draining drying and inerting with
helium. The shell has holes in the top and bottom fittings to permit draining, drying and inerting
of the assembly.
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The total number of full length rods that can be placed in the Reconfigured Fuel Assembly is less
than the number that are in the Yankee Class fuel assemblies (maximum of 64 versus 231 rods of
the most reactive fuel). Consequently, the effects of a Reconfigured Fuel Assembly placed in a
canister (e.g., criticality, thermal output, source term) are significantly less than the effects of a
design basis Yankee Class spent fuel assembly. These effects are evaluated in the appropriate
chapters that follow.
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Figure 1.2-1 Vertical Concrete Storage Cask

SHIELD PLUG

LID

CONCRETE \ i

\ AIR OUTLET

S~ SHELL

\AIR INLET

TRANSPORTABLE /

STORAGE CANISTER

1.2-13



NAC-MPC FSAR April 2000
Docket No. 72-1025 Revision 0

Figure 1.2-2 Transfer Cask
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Figure 1.2-3 NAC-STC Transport Configuration
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Figure 1.2-4 Reconfigured Fuel Assembly
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Figure 1.2-5 Transfer Cask and Canister Arrangement
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Figure 1.2-6  Vertical Concrete Cask and Transfer Cask Arrangement
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Figure 1.2-7 Major Component Configuration for Loading the Vertical Concrete Cask
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Table 1.2-1  Major Physical Design Parameters for the Transportable Storage Canister

Parameter Design Value
Outside Diameter 70.64 in.
Length 122.5 in.
Capacity 36 Yankee Class spent fuel assemblies
Weight 54,730 Ibs. (nominal) w/ fuel
Maximum heat load 12.5 kW (fuel)
Maximum fuel clad temperature Zircaloy or Stainless Clad
Normal conditions 340°C
Off-normal and accident 430°C
Internal atmosphere Helium
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Table 1.2-2  Transportable Storage Canister Fabrication Specification Summary

Materials
« All material shall be in accordance with the referenced drawings and meet the applicable

ASME standard.

Welding
« All welds shall be in accordance with the referenced drawings.

« All filler metals shall be appropriate ASME material.

« All welders and welding operators shall be qualified in accordance with ASME Section IX.

« All welding procedures shall be written and qualified in accordance with ASME Section IX.

« All welds specified to be visually examined shall be examined as specified in ASME Section
V, Article 9 with acceptance per ASME Section III, NB-4424 and NB-4427.

o All welds specified to be liquid penetrant examined shall be examined in accordance with the
requirements of ASME Section V, Article 6, with acceptance in accordance with ASME
Section III, NB-5350.

« All personnel performing examinations shall be qualified in accordance with the NAC
International quality assurance program and SNT-TC-1A.

« All welds specified to be radiographed shall be examined in accordance with the requirements
of ASME Section V, Article 2, with acceptance per ASME Section III, NB 5320.

« All welds specified to be ultrasonically examined shall be examined in accordance with
ASME Section V, Article 5, with acceptance in accordance with ASME Section III, NB-5330.

Fabrication

« All cutting, welding, and forming shall be in accordance with ASME, Section IIl, NB-4000
unless otherwise specified. Code stamping is not required.

« All surfaces shall be cleaned to a surface cleanness classification C or better as defined in
ANSI N45.2.1, Section 2.

« All fabrication tolerances shall meet the requirements of the referenced drawings after
fabrication.

Packaging
« Packaging and shipping shall be in accordance with ANSI N45.2.2.

Quality Assurance

o The canister shall be fabricated under a quality assurance program that meets 10 CFR 72
Subpart G and 10 CFR 71 Subpart H.

« The supplier’s quality assurance program must be accepted by the licensee prior to initiation
of work.

» Hold points for inspection of a completed basket assembly are verification of the basket
assembly diameter and length, insertion of a “dummy” fuel assembly into each fuel tube, and
insertion of the basket into the canister shell.

A Certificate of Compliance shall be issued by the fabricator stating that the canister meets the
specifications and drawings.
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Table 1.2-3  Major Physical Design Parameters for the Vertical Concrete Cask
Parameter Value
Height 160 in.
Outside diameter 128 in.
Shielding (side wall)
Concrete thickness 21 in.
Steel thickness 3.50 in.
Radiation dose rate (average):
Side surface < 50 mrem/hr
Top surface < 35 mrem/hr
Air inlet/ outlet vents < 100 mrem/hr

Weight

155,000 Ibs. (nominal)

Air flow at design heat load

1 (Ibs.-m)/sec

Material of construction

Concrete Type II Portland Cement
Reinforcing steel A615 Grade 60
Steel liner A36 Carbon Steel
Service life 50 years
Maximum concrete temperatures for normal 150°F bulk
operation 200°F local
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Table 1.2-4  Concrete Cask Fabrication Specification Summary

Materials
« Concrete mix shall be in accordance with the requirements of ACI 318 and ASTM C9%4.
« Type I Portland Cement, ASTM C150.
« Fine aggregate ASTM C33 and C637.
« Coarse aggregate ASTM C33 and C637.
« Admixtures
Water Reducing ASTM C494.
Pozzolanic Admixture ASTM C618.
« Compressive Strength 4000 psi at 28 days.
« Specified Air Entrainment 3% - 6%.
« All steel components shall be of material as specified in the referenced drawings.

Welding
« Visual inspection of all welds shall be performed to the requirements of AWS D1.1, Section

8.15.

Construction

« Specimens shall be obtained or prepared for each batch or truck load of concrete per ASTM
C172 and ASTM C192.

« Test specimens shall be tested in accordance with ASTM C39.

« Formwork shall be in accordance with ACI 318.

« All sidewall formwork and shoring shall remain in place for at least 24 hours.

« All bottom formwork and shoring shall remain in place for 14 days.

« Grade, type, and details of all reinforcing steel shall be in accordance with the referenced
drawings.

« Embedded items shall conform to ACI 318 and the referenced drawings.

« The placement of concrete shall be in accordance with ACI 318.

 Surface finish shall be in accordance with ACI 318.

Quality Assurance

« The concrete cask shall be constructed under a quality assurance program that meets 10 CFR
72 Subpart G. The quality assurance program must be accepted by NAC International and the
licensee prior to initiation of the work.
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Table 1.2-5  Major Physical Design Parameters for the Transfer Cask

Parameter Value

Inside Diameter 71.51n.
Qutside Diameter 86.51n.

Height 133.38 in.
Empty Weight

(nominal) 80,800 Ibs.
Side Wall Dose Rate

(average) < 200 mrem/hr

1.2-24



L

NAC-MPC FSAR

April 2000

Docket No. 72-1025 Revision 0
Table 1.2-6 NAC-MPC Design Basis Fuel Characteristics
Yankee Class Spent Fuel"%3*

United Nuclear Combustion Westinghouse
Parameter Type A Type A Type B
Number of Assemblies per Canister® 36 36 34
Assembly Weight, lbs. 850 850 900
Assembly Length, in. 111.25 111.79 111.25
Active Fuel Length, in. 91 91 92
Fuel Rod Cladding Zircaloy Zircaloy Stainless Steel
Maximum Uranium, kgU 245.6 2394 286.9
Maximum Initial **°U, wt % 4.0 3.9 4.94
Minimum Initial *°U, wt % 4.0 3.7 4.94
Maximum Burnup, MWD/MTU 32,000 36,0005 32,000
Maximum Assembly Decay Heat, kW 0.347 0.347 0.347
Maximum Decay Heat, kW 9.3 12.5 9.0
Minimum Cool Time, yr 13.0 8.1° 21.0

1. The Yankee Class spent fuel includes United Nuclear Type A and Type B, Combustion Engineering Type A

and Type B, Exxon-ANF Type A and Type B, Westinghouse Type A and Type B. The United Nuclear Type A
is the most reactive assembly and is used as the design basis fuel for criticality analyses. The Combustion Type
A is the design basis fuel for shielding and thermal evaluations. The Westinghouse Type B fuel is the heaviest
assembly and is the design basis fuel for structural considerations.

The Exxon-ANF fuel was provided by Exxon after Exxon was acquired by Advanced Nuclear Fuel (ANF).
Fuel provided by ANF was designated Exxon-ANF. This fuel is considered to be Exxon fuel throughout this
report. Except for lower enrichment and fuel hardware, Exxon fuel (and therefore, Exxon-ANF fuel) has the
same characteristics as Combustion Engineering fuel.

The NAC-MPC can accommodate one or more Reconfigured Fuel Assemblies containing up to 64 fuel rods or
rod segments classified as failed.

Exxon fuel assemblies with 3.5 wt % **°U and burnups of 36,000 MWD/MTU require a minimum cool time of
9 or 16 years for Zircaloy or stainless steel fuel assemblies, respectively.

Combustion Engineering fuel assemblies with an initial minimum enrichment of 3.5 wt %, burnups up to
32,000 MWD/MTU require minimum cooling times of 8.0 years.

Up to 36 intact fuel assemblies of any type not exceeding 30,600 pounds total weight are authorized.
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1.3 Agents and Contractors

The prime contractor for the NAC-MPC design is NAC International Inc. (NAC). All design and
specification activities are performed by NAC. Fabrication of the steel components will be by
qualified vendors. A qualified concrete contractor will perform fabrication of the vertical
concrete storage cask. All fabrication activities will be performed in accordance with quality
assurance programs meeting the requirements of 10 CFR 71 and 10 CFR 72.

NAC is a private corporation founded in 1968, whose primary focus is the tracking, inspection,
handling, storage, and transportation of spent nuclear fuel. NAC is recognized in the industry as
expert in all aspects of the design, licensing, and operation of spent fuel handling, inspection,
storage, and transport equipment, as well as in the management of spent fuel inventories.

NAC is the leading U.S. company in the transport and storage of spent nuclear fuel, owning and
operating the largest fleet of commercial spent fuel transport casks in the United States. This

fleet includes the following casks:

e 5 NLI-1/2 (truck) - 1 PWR/2 BWR - Approved for the transport of LWR and
metallic fuel and for high level waste.

e 5NACLWT-1PWR/2 BWR - Approved for the transport of LWR fuel, metallic
fuel, research reactor fuel and high level waste.

e 2 NLI-10/24 (Rail) - 10 PWR/24 BWR - Approved for the transport of LWR fuel.

These casks are approved by the U.S. NRC under 10 CFR 71 and have successfully and safely
completed more than 1,000 shipments of spent fuel and high level waste for more than 40
nuclear facilities in the last 15 years. NAC has also designed and licensed the NAC-STC rail
cask for the storage and transport of spent fuel. The NAC-MPC canister is designed to be
transported in the NAC-STC.

NAC has designed, analyzed, and obtained NRC approval for the following dry storage casks:

e NAC-126 S/T - Certificate of Compliance approval for storage of 26 PWR fuel
assemblies (Docket 72-1002)

o« NAC-I28 S/T - Site specific approval for the storage of 28 PWR fuel assemblies
(Docket 72-1020)

e NAC-C28 S/T - Certificate of Compliance approval for the storage of 28
consolidated PWR fuel canisters (56 assemblies) (Docket 72-1003)
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Within the last 10 years, NAC contractors have completed the fabrication of two NAC-128 S/T
and one NAC-I26 S/T storage casks, and five NAC-LWT transport casks.

NAC has also designed the NAC-STC rail cask for the storage and transport of directly loaded
spent fuel. The NAC-STC is approved for use in site specific applications (Docket 72-1013) for
storage and for transport (Certificate of Compliance Number 71-9235). NAC has also prepared,
and submitted, a Safety Analysis Report for the transport of canistered Yankee Class spent fuel
(Docket 71-9235).

Safety Analysis Reports have also been prepared and submitted for the NAC Universal MPC

System (NAC-UMS™) for the transport (Docket 71-9270) and long-term storage of several
classes of spent fuel (Docket 72-1015).
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14 Generic Storage Cask Arrays

A typical ISFSI storage pad layout for 16 storage casks is provided in Figure 1.4-1. As shown in
this figure, roads parallel the sides of the pad to facilitate transfer of the storage cask from the
transporter to the designated storage position on the pad. Loaded storage casks are placed in the
vertical position on the pad in a linear array. Array sizes could accommodate from 1 to more
than 200 casks. Figure 1.4-1 shows typical spacing and representative site dimensions.
However, these are dependent on the general site layout, access roads, site boundaries, and

transfer equipment selection.
The reinforced concrete foundation is capable of sustaining the transient loads from the air pad

and the general loads of the stored casks. If necessary, the pad can be constructed in phases to

specifically meet utility-required expansions.
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Figure 1.4-1 Typical ISFSI Storage Pad Layout
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1.5 License Drawings

This section presents the License Drawings for the NAC-MPC System.

1.5.1 NAC-MPC License Drawings
Drawing Revision No. of
Number Title No. Sheets
455-821 Adapter Ring, Transfer Adapter to NAC-STC MPC-Yankee 0 1
455-856 Name Plate - NAC-VCC Cask 0 1
455-859 Assembly, Transfer Adapter, MPC-Y ankee 1 3
455-860 Assembly, Transfer Cask (TFR), MPC - Yankee 4 4
455-861 Weldment, Structure, Vertical Concrete Cask (VCC), 4 2
MPC - Yankee
455-862 Loaded Vertical Concrete Cask (VCC), MPC - Yankee 2 1
455-863 Lid, Vertical Concrete Cask (VCC), MPC- Yankee 2 1
455-864 Shield Plug, Vertical Concrete Cask (VCC), MPC- Yankee 1 1
455-866 Reinforcing Bar and Concrete Placement, Vertical Concrete 0 3
Cask (VCC), MPC- Yankee
455-870 Canister Shell, MPC- Yankee 3 1
455-871 Details, Canister, MPC- Yankee 4 2
455-872 Assembly, Transportable Storage Canister (TSC), 6
MPC- Yankee
455-873 Assembly, Drain Tube, Canister, MPC- Yankee 2 1
455-881 PWR Fuel Tube, MPC- Yankee 3 1
455-891 Bottom Weldment, Fuel Basket, MPC- Yankee 0 1
455-892 Top Weldment, Fuel Basket, MPC- Yankee 1 1
455-893 Support Disk and Misc. Basket Details, MPC- Yankee 3 1
455-894 Heat Transfer Disk, Fuel Basket, MPC- Yankee 1 1
455-895 Fuel Basket Assembly, MPC- Yankee 2 1
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1.5.2 Yankee Class Reconfigured Fuel Assembly License Drawings

Drawing No. of

Number Title Sheets

YR-00-060 Yankee-Class Reconfigured Fuel Assembly 1

YR-00-061 Yankee-Class Reconfigured Fuel Assembly, 1
Shell Weldment

YR-00-062 Yankee-Class Reconfigured Fuel Assembly, 1
Top End Fitting Assembly

YR-00-063 Yankee-Class Reconfigured Fuel Assembly, 1
Bottom End Fitting Assembly

YR-00-064 Yankee-Class Reconfigured Fuel Assembly, 1
Nozzle Bolt and Alignment Pin

YR-00-065 Yankee-Class Reconfigured Fuel Assembly, 1
Fuel Basket Assembly

YR-00-066 Yankee-Class Reconfigured Fuel Assembly, 1

Fuel Tube Assembly
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2.0 PRINCIPAL DESIGN CRITERIA

The NAC-MPC is a canister-based dry storage cask system that is designed to be transported in
the NAC-STC licensed transport cask. It is designed to store Yankee Class spent fuel.

This chapter presents the design basis, including the principal design criteria, limiting load
conditions, and operational parameters of the NAC-MPC dry storage system. The principal

design criteria are summarized in Table 2-1.
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Table 2-1

Summary of the NAC-MPC Design Criteria

Design Criteria

Design Life

50 years

Design Code - Confinement

ASME Code, Section III, Subsection NB for
confinement boundary

Design Code - Nonconfinement

Basket

ASME Code, Section III, Subsection NG and
NUREG/CR-6322

Vertical Concrete Cask

ACI-349, ACI-318, ANSIVANS 57.9

Transfer Cask

ANSI N14.6 and NUREG-0612

Maximum Temperature,
Zircaloy Cladding

Maximum Temperature,
Stainless Steel Cladding
Ambient Temperature Range
Average Annual Ambient Temperature
Concrete Temperature:
Normal Conditions
Off-Normal/Accident Conditions

Design Weight:
Canister Assembly w/fuel 54,730 1bs.
Transfer Cask 80,743 1bs.
Vertical Concrete Cask 151,364 Ibs.
Thermal:

340°C for 10-yr. Cooled
380°C for 5-yr. Cooled
430°C Off-Normal/Accident/Transfer

340°C for 10-yr. Cooled

430°C Off-Normal/Accident/Transfer
-40° to 125°F

75°F

< 150°F; < 200°F local
< 350°F local/ surface

Canister Cavity Atmosphere

Helium

2-2
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Table 2-1

Summary of the NAC-MPC Design Criteria (Continued)

Design Criteria

RADIATION PROTECTION/SHIELDING

Concrete Cask Side Wall Contact Dose Rate | < 50 mrem/hr.
Concrete Cask Top Lid Contact Dose Rate < 35 mrem/hr.
Concrete Cask Air Inlet/Outlet < 100 mrem/hr.
Owner Controlled Area Boundary
Normal/Off-Normal
Annual Whole Body Dose 25 mrem/yr.
Accident Whole Body Dose Srem
SPENT FUEL SPECIFICATIONS
Spent Fuel Type Yankee Class

Fuel Configuration/Vendor

Westinghouse 18 x 18, 4.94 wt % **U

United Nuclear 16 x 16, 4.0 wt % >°U

Combustion Engineering 16 x 16,
3.5103.9 wt % U

Exxon 16 x 16, 3.5 to 4.0 wt % **°U

Fuel Cladding

Stainless Steel - Westinghouse
Zircaloy - All others

Spent Fuel Capacity — Intact Fuel
Assemblies

(May include one or more Reconfigured
Fuel Assemblies)

36 United Nuclear Assemblies

36 Combustion Engineering Assemblies
36 Exxon Assemblies, or

34 Westinghouse Assemblies

Up to 36 Fuel Assemblies of any Type Not
Exceeding 30,600 pounds Total Weight

Spent Fuel Assembly Burnup (max) 36,000 MWD/MTU'
Decay Heat/Fuel Assembly or Reconfigured
Fuel Assembly
Zircaloy Clad Fuel 0.347 kW
Stainless Steel Clad Fuel 0.264 kW
Reconfigured Fuel Assembly 0.102 kW

1. Based on the design basis, Combustion Engineering fuel at 36,000 MWD/MTU cooled 8.1 years. Exxon fuel is
limited to 34,000 MWD/MTU and 10 years minimum cool time. The maximum burnup of all other fuel types

is 32,000 MWD/MTU.
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2.1 Spent Fuel To Be Stored

The NAC-MPC has been designed to safely store up to 36 Yankee Class spent fuel assemblies.
The spent fuel designs are delineated by various factors including manufacturer, type,
enrichment, burnup, cool time, and cladding material. The design basis consists of two types,
designated A and B. The Type A assembly incorporates a protruding corner of fuel pins while
the Type B assembly omits one corner of the fuel rods. These fuel types, as well as minor
differences among manufacturers, are illustrated in Figures 6.2-1 through 6.2-3. During reactor
operations, the symmetric stacking of the alternating assemblies permitted the insertion of
cruciform control blades between the assemblies. Table 2.1-1 lists the nominal design
parameters of each fuel design type. These parameters, including the minimum enrichment limit,
exclude the loading of unenriched fuel assemblies in the transportable storage canister.

2.1.1 Bounding Fuel Evaluation

The criticality evaluations show that the United Nuclear Type A 16 x 16 fuel assembly is the
most reactive fuel type, even though the stainless steel clad Westinghouse fuel has a higher
enrichment (4.94 wt % *°U). The criticality evaluation considers a complete assembly fuel rod
matrix. Consequently, solid rods fabricated from Zircaloy or Type 304 stainless steel must

replace any fuel rod that is removed.

The shielding evaluations show that the Combustion Engineering Type A has the largest dose
rates. The United Nuclear assemblies are evaluated for a source term based on an initial
enrichment of 4.0 weight percent, a maximum burmnup of 32,000 megawatt days per metric ton of
uranium, and a minimum cool time of 13 years after reactor discharge. Exxon fuel with Zircaloy
or stainless steel hardware is evaluated at 36,000 MWD/MTU and 9 or 16-years cool time,
respectively, with an initial enrichment of 3.5 wt %. Westinghouse fuel is evaluated at 32,000
MWD/MTU and 21-years cool time with an initial minimum enrichment of 4.94 wt %.
Combustion Engineering fuel is evaluated for a source term based on an initial minimum
enrichment of 3.7 wt %, a maximum burnup of 36,000 megawatt days per metric ton of uranium,
and a minimum cool time of 8.1 years after reactor discharge. For Combustion Engineering
assemblies at a maximum burnup of 32,000 MWD/MTU and initial minimum enrichment of 3.5

wt %, a minimum cool time of 8 years is required.

2.1-1
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The NAC-MPC maximum decay heat load is 12.5 kilowatts. This results in a maximum decay
heat load for the design basis fuel assemblies of 0.347 kilowatt per assembly, based on 36 fuel

assemblies per canister.

2.1.2 Reconfigured Fuel Assembly

One or more transportable storage canisters may hold Reconfigured Fuel Assemblies containing
intact or damaged spent fuel rods and fuel debris. The Reconfigured Fuel Assembly may consist
of up to 64 rod segments or whole rods. The rods, or rod segments, are held in individual tubes
in an 8 by 8 array. The array of tubes is positioned in a stainless steel container having the same
external dimensions as a standard fuel assembly. It has a top end fitting that has the same
configuration as a standard fuel assembly. The container is closed on the top and bottom ends by
perforated plates, which act as a barrier to the release of gross particles to the canister, but allow
the draining and drying of the container. The tubes are stainless steel and are closed on each end
by a plug. Each plug has a small hole drilled through it. The perforated plate screens the drilled
hole. The hole allows the draining and drying of the individual tubes during routine closing of
the canister. The perforated plate precludes the release of gross particles to the canister. The
effects of the RFA container are evaluated in the appropriate sections. The structural, thermal,
shielding, confinement, and criticality effects of the Reconfiguréd Fuel Assembly are bounded by
those of an intact fuel assembly.

The physical parameters of the Reconfigured Fuel Assembly are provided in Table 2.1-2.

2.13 Stainless Steel-Clad Fuel

The short-term and long-term temperature limits for stainless steel-clad fuel are derived based on
the limits presented in EPRI report TR-106440, “Evaluation of Expected Behavior of LWR
Stainless Steel-Clad Fuel in Long-Term Dry Storage,” April 1996. In this report, the potential
failure modes in both wet and dry storage environments were assessed to develop the bounding
conditions for the prevention of any potential cladding degradation phenomena and cladding
failure modes of stainless steel-clad fuel. The potential cladding degradation mechanisms

2.1-2
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evaluated include: general corrosion, stress corrosion cracking, localized corrosion, mechanical
failures and chemical/metallurgical-based failure mechanisms. The EPRI report is based on
several types of stainless steel cladding, including 304, modified 348, 348 and 348H, which

includes Yankee Class fuel.

The long-term temperature limit is conservatively established as 340°C for the NAC-MPC
System for both stainless steel and Zircaloy-clad fuel. This value is significantly lower than the
430°C temperature limit defined by the EPRI report for stainless steel cladding. The short-term
temperature limit for stainless steel-clad fuel is 430°C for the NAC-MPC System. This
short-term limit is also conservatively used for Zircaloy-clad fuel.

2.1-3
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Table 2.1-1  Yankee Class Fuel Parameters

Combustion] Combustion United United
Engineering| Engineering] Exxon | Exxon | Exxon | Exxon | Westinghouse | Westinghouse| Nuclear | Nuclear
Type A Type B Type A | Type B | Type A] Type B Type A Type B Type A Type B
ASSEMBLY CONFIGURATION
Assembly Length (cm) 283.9 2839 283.3 2833 | 2839 | 2839 282.6 282.6 282.4 2824
Assembly Width (cm) 19.2 19.2 19.3 19.3 19.3 19.3 19.3 19.3 19.4 19.4
Assembly Cross Section
(cm) 18.1 18.1 18.2 18.2 18.2 18.2 18.2 182 18.2 18.2
Assembly Array 16x16 16x16 16x16 | 16x16 | 16x16 | 16x16 18x18 18x18 16x16 16x16
Assembly Weight (kg) 352 350.6 372 372 372 372 408.2 408.2 385.5 385.5
Enrichment-wt. % *°U
Maximum 3.90 3.90 4.00 4.00 4.00 4.00 4.94 4.94 4.00 4.00
Minimum 3.70 3.70 3.50 3.50 3.50 3.50 494 4.94 4.00 4.00
Initial Fuel Weight

(KgUOy/Assembly) 264.8 264.1 268.3 2666 | 266.2 | 265.0 311 310 273.8 272.6

Initial Heavy Metal

(KgU/Assembly) 2334 232.8 236.5 235 2345 | 2336 2741 273.2 2413 240.3

Max. Burnup

(MWD/MTU) 36,000! 36,000! 36,000 | 36,000 | 36,000 { 36,000 32,000 32,000 32,000 32,000

Min. Cool Time (yr) 8.1 8.1 16.0 16.0 9.0 9.0 21.0 21.0 13.0 13.0

Max. Decay Heat (kW) 0.347 0.347" 0.269 0.269 | 0331 | 0.331 0.264 0.264 0.257 0.257

FUEL ROD CONFIGURATION

Fuel Rod Pitch (cm) 1.2 1.2 1.2 12 1.2 1.2 1.1 1.1 1.2 1.2

Rod Length (cm) 242.3 242.3 2422 2422 | 2422 | 2422 2377 2377 242.1 242.1

Active Fuel Length (cm) 2311 231.1 2311 231.1 2311 2311 234.0 234.0 231.1 231.1

Rod OD (cm) 0.9 09 09 0.9 0.9 0.9 0.86 0.86 09 09

Clad ID (cm) 0.8 08 0.8 0.8 0.8 0.8 0.76 0.76 08 0.8

Pellet OD (cm) 0.79 0.79 0.79 0.79 0.79 0.79 0.75 0.75 0.79 0.79

Rods per Assembly 231 230 231 230 231 230 305 304 237 236

Fuel Material Uo2 Uo2 uo2 vo2 uo2 uo2 Uo2 uo2 uo2 uo2

Clad Material Zircaloy Zircaloy | Zircaloy | Zircaloy | Zircaloy | Zircaloy SS 348 SS 348 Zircaloy | Zircaloy

Fill Gas Helium Helium Helium | Helium | Helium | Helium Air Air Helium | Helium

Fill Gas Pressure (psi) 315 315 125 125 125 125 0.0 0.0 140 140

DISPLACEMENT ROD CONFIGURATION

Displacement Rod N/A N/A N/A N/A N/A N/A N/A N/A Zircaloy - | Zircaloy -

Material 4 4

Displacement Rod N/A N/A N/A N/A N/A N/A N/A N/A 0.9 0.9

Diameter (cm)

Displacement Rod Length N/A N/A N/A N/A N/A N/A N/A N/A 242.1 242.1

(cm)

Number Per Assembly N/A N/A N/A N/A N/A N/A N/A N/A 2 2

1. Combustion Engineering fuel may be loaded at a cool time of 8.0 years with a maximum burnup of 32,000
MWD/MTU and a minimum enrichment of 3.5 wt%. The maximum decay heat for this assembly is 0.304 kW.
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Table 2.1-1  Yankee Class Fuel Parameters (Continued)
Combustion | Combustion United United
Engineering | Engineering | Exxon | Exxon | Exxon | Exxon |[Westinghouse| Westinghouse] Nuclear | Nuclear
Type A TypeB | Type A | Type B | Type A| Type B Type A Type B Type A Type B
GUIDE BAR CONFIGURATION
Guide Bar Material Zircaloy - 4 | Zircaloy - 4 |SS 304L|SS 304L|Zircaloy| Zircaloy - - N/A? N/A?
Guide Bar Width (cm) 1.1 1.1 1.1 1.1 1.1 1.1 -- - N/Al N/A?
Guide Bar Length (cm) 2452 245.2 244.6 | 244.6 | 2446 244.6 - - N/A? N/A®
Assembly
Configuration Type A TypeB | Type A | Type B | Type A| Type B Type A Type B Type A Type B
Top Nozzle Material SS 304 $S304 | SS304 | SS304 | S5304 | SS304 S8 304 SS 304 SS 304 SS 304
Bottom Nozzle Material|  SS 304 S$SS304 | SS304 | SS304|SS304] SS304 S8 304 SS 304 SS 304 SS 304
Upper Plenum Spring Inconel | Inconel | Inconel | Inconel Inconel Inconel
Material SS 302 SS 302 X750 | X750 | X750 | X750 N/A N/A X750 X750
Lower Plenum Spacer
Material N/A N/A S8304 | SS304 | SS304 | SS304 N/A N/A SS 304 SS 304
Shroud Material - - - - - -- -- - SS 304 SS 304
Top Nozzle Length
{cm) 20.0 20.0 19.8 19.8 204 204 222 222 189 18.9
Bottom Nozzle Length
(cm) 18.3 18.3 18.9 18.9 18.9 18.9 222 222 189 18.9
Upper Plenum Length
(cm) 49 49 49 4.9 49 49 4.6 46 4.8 438
Lower Plenum Length
(cm) N/A N/A 32 32 32 3.2 N/A N/A 3.1 31
Shroud Length (cm) N/A N/A N/A N/A N/A N/A N/A N/A 246.9 246.9
Shroud Thickness (cm) N/A N/A N/A N/A N/A N/A N/A N/A 0.09 0.09
Top Nozzle Weight (kg)
5.50 5.50 670 | 670 | 670 | 6.70 6.70 6.70 17.02* 17.02*
Bottom Nozzle Weight 5.18
(kg) 9.10 9.10 5.18 | s5.18 5.18 5.20 520 13.21* 13.21°
Upper Plenum Spring
Weight (g) 33 33 33 33 33 33 N/A N/A 3 3
Lower Plenum Spring
Weight (g) N/A N/A 4.5 45 45 45 N/A N/A 7.5 715
Grid Spacer Material Zirc- Zirc-
4/Inconel 4/Inconel Zircaloy | Zircaloy Inconel Inconel
625° 625°  |SS304L{SS304L| -4 -4 N/A N/A 718 718
Grid Spacer Weight (g) | 590/960 590/960 6223 | 6223 | 6343 | 6484 N/A N/A 0 0
Number of Grid Spacers 6 6 6 6 6 6 N/A N/A 6 6

2. United Nuclear assemblies fabricated from Zircaloy incorporate displacement rods 95.32-inches long and 0.365-inch in outside diameter.
3. Five grid spacers are Zircaloy 4. The bottom spacer is Inconel 625.

4. Estimated weight.
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Table 2.1-2  Yankee Class Reconfigured Fuel Assembly Parameters
United

CE Exxon Exxon West. Nuclear

Parameter Type A/B Type A/B | Type A/B| Type A/B | Type A/B
ASSEMBLY CONFIGURATION
Assembly Array 8x8 8x8 8x8 8x8 8x8
Max. Enrichment 3.90 4.00 3.70 4.94 4.00
(wt % 2°U)
Max. kgU* 66.33 66.33 66.33 60.21 66.33
FUEL ROD CONFIGURATION (EACH ROD PLACED WITHIN ENCAPSULATING ROD)
Rod Pitch (cm) 1.905 1.905 1.905 1.905 1.905
Active Fuel Length (cm) 231.1400 231.1400 | 231.1400 | 233.9975 | 231.1400
Rod OD (cm) 0.9271 0.9271 0.9271 0.8636 0.9271
Clad ID (cm) 0.8052 0.8052 0.8052 0.7569 0.8052
Pellet OD (cm) 0.7887 0.7887 0.7887 0.7468 0.7887
Diametrical Gap (cm) 0.0165 0.0165 0.0165 0.0102 0.0165
Max Rods per Assembly 64 64 64 64 64
Fuel Material U0, U0, U0, U0, U0,
Clad Material Zircaloy Zircaloy Zircaloy | SS 348 | Zircaloy
ENCAPSULATING ROD

Rod OD (cm) 1.27 1.27 1.27 1.27 1.27
Rod ID (cm) 1.1278 1.1278 1.1278 1.1278 1.1278
Rod Material SS-304 SS-304 S$S-304 | SS-304 S$S8-304

* Maximum kgU based on 95% of UO; theoretical density for the fuel pellet stack density.

Note: Intact or broken fuel rods may be contained in the reconfigured fuel assembly.
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2.2 Desien Criteria for Environmental Conditions and Natural Phenomena

The design criteria defined in this section identifies the site environmental conditions and natural
phenomena to which the storage system could reasonably be exposed during the period of
storage. Analyses to demonstrate that the NAC-MPC design meets the design criteria defined in
this chapter are preserited in later chapters of this report. '

2.2.1 Tornado and Wind Loadings

The NAC-MPC may be stored on an unsheltered reinforced concrete storage pad at an ISFSI site.
This storage configuration exposes the NAC-MPC to tornado and wind loading.

2.2.1.1 Applicable Design Parameters

The design basis tornado and wind loading is defined based on Regulatory Guide 1.76 Region 1
and NUREG-0800. The tornado and wind loading criteria are presented in Table 2.2-1.

22.1.2 Determination of Forces on Structures

Tornado wind forces on the NAC-MPC are calculated by multiplying the dynamic wind pressure
by the frontal area of the cask normal to the wind direction. Wind forces are applied to the cask
in the wind direction. No streamlining is assumed. The evaluation of wind loading and tornado
missile effects on the NAC-MPC is presented in Section 11.2.13.

22.13 Tornado Missiles

The design basis tornado missile impacts are defined in Paragraph 4, Subsection III, Section
3.5.1.4 of NUREG-0800. The design basis tornado is considered to generate three types of
missiles that impact the cask at normal incidence:

2.2-1
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1. Massive Missile - Weight = 1800 kg (3960 pounds)
(Deformable w/high Frontal Area = 20 sq.-ft.

kinetic energy)

2. Penetration Missile - Weight = 125 kg (275 pounds)
(Rigid hardened steel) Diameter = 8.0 inches

3. Protective Barrier Missile - Weight = 0.068 kg (0.15 pounds)
(Solid steel sphere) Diameter = 1.0 inch

Each missile is assumed to impact the cask at a velocity of 126 miles per hour, horizontal to the
ground, which is 35 percent of the maximum wind speed of 360 miles per hour. For missile
impacts in the vertical direction, the assumed missile velocity is: (0.7)(126) = 88.2 miles per

hour.

The detailed analysis of the NAC-MPC for the missile impacts applies the laws of conservation
of momentum and conservation of energy to estimate the impact force on the cask as a function
of the time of impact and the amount of missile deformation. Each missile impact is evaluated,
and all missiles are assumed to impact in a manner that produces the maximum damage to the
NAC-MPC.

2.2.2 Water Level (Flood) Desien

The NAC-MPC may be exposed to a flood during storage on an unsheltered concrete storage pad
at an ISFSI site. The source and magnitude of the probable maximum flood depend on several

variables.

2.2.2.1 Flood Elevations

The NAC-MPC is evaluated for a maximum flood water depth of 50 feet above the base of the
storage cask. The flood water velocity is considered to be 15 feet per second. Under these
conditions, the NAC-MPC will not float, tip or significantly slide on the storage pad, and the

confinement function will be maintained.

2.2-2
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2222 Phenomena Considered in Design Load Calculations

The occurrence of flooding at an ISFSI site is dependent upon the specific site location and the
surrounding geographical features, natural and man-made. Flooding of an ISFSI site is highly
improbable because of the extensive environmental impact studies that are performed during the
selection of a site for a nuclear facility. Some possible sources of a flood at an ISFSI site are: (1)
overflow from a river or stream, due to unusually heavy rain, snow-melt runoff, a dam or major
water supply line break caused by a seismic event (earthquake); (2) high tides produced by a
hurricane; and (3) a tsunami (tidal wave) caused by an underwater earthquake or volcanic

eruption.

2223 Flood Force Application

The evaluation of the NAC-MPC for a flood condition determines a maximum allowable flood
water current velocity and a maximum allowable flood water depth. The criteria employed in the
determination of the maximum allowable values are that cask sliding or tip-over will not occur,
and that the canister material yield strength is not exceeded. The evaluation of the effects of
flood conditions on the NAC-MPC is presented in Section 11.2.6.

The force of the flood water current on the NAC-MPC is calculated as a function of the current
velocity by multiplying the dynamic water pressure by the frontal area of the cask that is normal
to the current direction. The dynamic water pressure is calculated using Bernoulli’s equation
relating fluid velocity and pressure. The force of the flood water current is limited such that the
overturning moment on the cask will be less than that required to tip the cask over.

2.2.2.4 Flood Protection

The inherent strength of the reinforced concrete cask component of the NAC-MPC provides a
substantial margin of safety against any permanent deformation of the cask for a credible flood
event at an ISFSI site. Therefore, no special flood protection measures for the NAC-MPC are
necessary. The evaluation presented in Section 11.2.6 shows that for the design basis flood, the
allowable stresses in the canister are not exceeded.

2.2-3
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223 Seismic Design

The NAC-MPC may be exposed to a seismic event (earthquake) during storage on an unsheltered
concrete pad at an ISFSI site. The seismic response spectra experienced by the cask will depend
upon the geographical location of the specific site and the distance from the epicenter of the
earthquake. The only significant effect of a seismic event on the NAC-MPC would be a possible
tip-over; however, tip-over does not occur in the evaluated design basis earthquake. Seismic
response of the NAC-MPC is presented in Section 11.2.2.

223.1 Input Criteria

The magnitude of the maximum seismic accelerations to which the NAC-MPC may be subjected
to are site specific. 10 CFR 72.102 defines a 0.10 g horizontal ground motion design earthquake
as the minimum allowable seismic design criteria, and 0.25 g is suggested for sites east of the
Rocky Mountain front. The NAC-MPC is designed to 0.25 g horizontal and 0.167 g vertical
seismic acceleration. This acceleration provides seismic qualification for a predominant number
of nuclear facilities within the United States.

2232 Seismic - System Analyses

The seismic ground acceleration that will cause the NAC-MPC to tip over is calculated in
Section 11.2.2 using quasi-static analysis methods. Both horizontal and vertical acceleration
components are considered in the analyses. These components are calculated and combined
according to Section 3.7.1 of NUREG-0800. Evaluation of the consequences of a tip over event
is provided in Section 11.2.12.

224 Snow and Ice Loadings

The criterion for determining design snow loads is based on ANSI/ASCE 7-93, Section 7.0. Flat
roof snow loads apply and are calculated from the following formula:

pr = 0.7C.Clp,
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where:

pr = flat roof snow load (psf)

C. = Exposure factor = 1.0

C,= Thermal factor=1.2

I =Importance factor = 1.2

pg = ground snow load, (psf) = 100

The numerical values of C,, C;, I and pg are obtained from Tables 18, 19, 20 and Figure 7,
respectively, of ANSI/ASCE 7-93.

The exposure factor accounts for wind effects. The NAC-MPC is assumed to have a site location
typical for siting Category C, which is defined to be “locations in which snow removal by wind

cannot be relied on to reduce roof loads because of terrain, higher structures, or several trees

nearby.”

The thermal factor accounts for the importance of buildings and structures in relation to public
health and safety. The NAC-MPC is conservatively classified as Category IIL

Ground snow loads for the contiguous United States are given in Figures 5, 6 and 7 of ANSI/
ASCE 7-93. A worst case value of 100 pounds per square foot (psf) was assumed.

Based on the above, the design criterion for snow and ice loads is:
Flat Roof Snow Load, pr = (0.7) (1.0) (1.2) (1.2) (100 ) = 100.8 psf

This load is bounded by the weight of the loaded transfer cask. The snow load is considered in
the load combinations described in Section 3.4.4.2.2.

2.2-5
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2.2.5 Combined Load Criteria

Each normal, off-normal and accident condition has a combination of load cases that defines the
total combined loading for that condition. The individual load cases considered include thermal,
seismic, external and internal pressure, missile impacts, drops, snow and ice loads, and/or flood

water forces.

The load conditions to be evaluated for storage casks are identified in 10 CFR 72 and in the
“Design Criteria for an Independent Spent Fuel Storage Installation (Dry Storage Type)”
(ANSI/ANS 57.9 - 1992).

2.2.5.1 Load Combinations and Design Strength - Concrete Cask

The load combinations specified in ANSIVANS 57.9 - 1992 for concrete structures are applied to
the concrete casks as shown in Table 2.2-2. The live loads are considered to vary from O percent
to 100 percent to ensure that the worst-case condition is evaluated. In each case, use of 100
percent of the live load produces the maximum load condition. The steel liner of the concrete
cask is a stay-in-place form and it provides radiation shielding. The concrete cask is designed to
the requirements of ACI 349,

2252 Design Strength Reduction Factors - Concrete

In calculating the design strength of the NAC-MPC concrete body, nominal strength values are
multiplied by a strength reduction factor in accordance with Section 9.3 of ACI 349.

2.2.53 Load Combinations and Design Strength - Canister and Basket

The canister is designed in accordance with the 1995 edition of the ASME Code, Section III,
Subsection NB for Class 1 components. The basket structure is designed per ASME Code,
Section I, Subsection NG, and structural buckling of the basket is evaluated per
NUREG/CR-6322.
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The load combinations for all normal, off-normal, and accident conditions and corresponding
service levels are shown in Table 2.2-3. Levels A and D service limits are used for normal and
accident conditions, respectively. Levels B and C service limits are used for off-normal
conditions. The analysis methods allowed by the ASME Code are employed. Stress intensities
caused by pressure, temperature, and mechanical loads are combined before comparing to ASME

code allowables, which are listed in Table 2.2-4.

2254 Design Strength - Transfer Cask
The transfer cask is a special lifting device and is designed and fabricated to the requirements of

ANSI N14.6 and NUREG 0612 for the lifting trunnions and supports. The criteria are:

The combined shear stress or maximum tensile stress during the lift (with 10 percent dynamic
load factor) shall be < S,/6 and S,/10 for a nonredundant load path, or shall be < S,/3 and S,/5
for redundant load paths.

The ferritic steel material used for the load bearing members of the transfer cask shall satisfy the
material toughness requirements of ANSIN14.6, paragraph 4.2.6.

2.2.6 Environmental Temperatures

A temperature of 75°F was selected to bound all annual average temperatures in the United

States, except the Florida Keys and Hawaii.

The 75°F normal temperature was used as the base for thermal evaluations. The evaluation of
this environmental condition is discussed along with the thermal analysis models in Chapter 4.0.
The thermal stress evaluation for the normal operating conditions is provided in Section 3.4.4.
Normal temperature fluctuations are bounded by the severe ambient temperature cases that are
evaluated as off-normal and accident conditions.

Off-normal, severe environmental conditions were defined as -40°F with no solar loads and
100°F with solar loads. An extreme environmental condition of 125°F with maximum solar
loads is evaluated as an accident case to show compliance with the maximum heat load case
required by ANSI-57.9 (Section 11.2.10). Thermal performance was also evaluated for the cases
of: (1) half the air inlets blocked; and (2) all air inlets and outlets blocked. Thermal analyses for
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these cases are presented in Sections 11.1.1 and 11.2.8. The evaluation based on ambient

temperature conditions is presented in Section 4.4.

The design basis temperatures used in the NAC-MPC analysis are shown below. Solar insolance
is as specified in 10 CFR 71.71 and Regulatory Guide 7.8.

Condition Ambient Temperature Solar Insolance
Normal 75°F yes
Off-Normal - Severe Heat 100°F yes
Off-Normal - Severe Cold -40°F no
Accident - Extreme Heat 125°F yes
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Table 2.2-1

Tornado and Wind Loading Criteria

Environmental Condition

Limit

Rotational Wind Speed, mph

290

Translational Wind Speed, mph

70

Maximum Wind Speed, mph

360

Radius of Max. Wind Speed, ft.

150

Pressure Drop, psi

3.0

Rate of Pressure Drop, psi/sec

2.0
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Table 2.2-2  Load Combinations for the NAC-MPC Vertical Concrete Cask
Load Tornado/ | Drop/
Combination | Condition Dead | Live Wind Thermal | Seismic | Missile Impact | Flood

1 Normal 14D 1.7L

2 Normal 1.05D | 1.275L 1.275T,

3 Normal 1.05D { 1.275L | 1.275W | 1.275T,

4 Off-Normal D L T,

& Accident

5 Accident D L T, E,

6 Accident D L T, A

7 Accident D L T, F

8 Accident D L T, W,

Load Combinations are from ANSI 57.9 and ACI 349.

g0
1l

i o3
°
I

Dead Load
Live Load
Wind

Normal Temperature

Flood

> s
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Table 2.2-3  Load Combinations for the Transportable Storage Canister
LOAD NORMAL OFF-NORMAL ACCIDENT
ASME Service Level A B C D
Load Combinations 1 2 3 1 2 3 4 5 1 2 3 4 5 6
DEAD WEIGHT Canister with fuel X X X X X [X X X] X X X X XX
THERMAL In Storage Cask
7°FAmbient | x X || X X X X X X |
In Transfer Cask
75°FAmbient | X | > S B S X
In Storage Cask
-40°F or 100°F Ambient X X
INTERNAL Normal X X X X X X X X
PRESSURE ...............................................................................................................
Off-Normal 1 | X X | X . X
Accident X X
HANDLINGLOAD | Normal | X X X ]
Off-Normal X X X
DROP/IMPACT Accident X
SEISMIC Accident X
FLoOOD Accident X
TORNADO Accident X
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Table 2.2-4  Structural Design Criteria for Components Used in the Transportable Storage
Canister
Component Criteria
Normal Operations: Service Level A P, <Sn,
Canister: ASME Section III, Subsection NB PL+P,<15S,
Basket: ASME Section III, Subsection NG PL+P,+Q <3S,

Canister Lifting Devices
ANSIN14.6 and NUREG 0612

Redundant load path: combined shear or max.
tensile stress < S/5 and S,/3

Off-Normal Operations: Service Level B
Canister: ASME Section III, Subsection NB

P, <118,
PL+P, <1.658S,

Off-Normal Operations: Service Level C
Canister: ASME Section ITI, Subsection NB
Basket: ASME Section I, Subsection NG

Subsection NB Allowables:
P, < 1.2 S, or S, (whichever is greater)
PpL+P, <1.8 Syor 1.5 Sy (whichever is less)

Note: Level C allowables for Subsection NG
are larger than those for Level C per Subsection
NB. Therefore, it is conservative to employ
Subsection NB allowables for the basket.

Accident Conditions, Service Level D
Canister: ASME Section ITI, Subsection NB
Basket: ASME Section III, Subsection NG

P.<2.4S,0r0.78S,
(whichever is less)
PL+P,<3.6S,0r1.058S,
(whichever is less)

Basket Structural Buckling

NUREG/CR-6322
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2.3 Safety Protection Systems

The NAC-MPC relies upon passive systems to ensure the protection of public health and safety,
except in the case of fire or explosion. As discussed in Section 2.3.6, fire and explosion events
are effectively precluded by site administrative controls that prevent the introduction of
flammable and explosive materials. The use of passive systems provides protection from

mechanical or equipment failure.
2.3.1 General

The NAC-MPC is designed for safe, long-term storage of spent nuclear fuel. The NAC-MPC
will survive all of the evaluated normal, off-normal, and postulated accident conditions without
release of radioactive material or excessive radiation exposure to workers or the general public.
The major design considerations that have been incorporated in the NAC-MPC system to assure

safe long-term fuel storage are:

Continued confinement in postulated accidents.
Thick concrete and steel biological shield.
Passive systems that ensure reliability.

Ll e

Inert atmosphere to provide corrosion protection for stored fuel cladding.

Each NAC-MPC system storage component is classified with respect to its function and
corresponding effect on public safety. In accordance with Regulatory Guide 7.10, each system
component is assigned safety classification into Category A, B or C, as shown in Table 2.3-1.
The safety classification is based on review of each component’s function and the assessment of
the consequences of component failure following the guidelines of NUREG/CR-6407,
“Classification of Transportation Packaging and Dry Spent Fuel Storage System Components
According to Importance to Safety.” |

Category A - Components critical to safe operations whose failure or malfunction could directly
result in conditions adverse to safe operations, integrity of spent fuel or public health and safety.
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Category B - Components with major impact on safe operations whose failure or malfunction
could indirectly result in conditions adverse to safe operations, integrity of spent fuel or public

health and safety.

Category C - Components whose failure would not significantly reduce the packaging
effectiveness and would not likely result in conditions adverse to safe operations, integrity of

spent fuel, or public health and safety.

As discussed in the following sections, the NAC-MPC design incorporates features addressing
the above design considerations to assure safe operation during fuel loading, handling, and

storage.
2.3.2 Protection by Multiple Confinement Barriers and Systems
23.2.1 Confinement Barriers and Systems

The radioactivity that the NAC-MPC must confine originates from the spent fuel assemblies to
be stored and residual contamination that may remain inside the canister as a result of contact
with the water in the fuel pool where the canister loading is conducted.

The NAC-MPC is designed to confine the radioactive fuel. The canister is closed by welding.
The shield lid weld is pressure tested. All of the field-installed welds are liquid penetrant
examined following the root and final weld passes. The shield lid weld is leak tested to 1.0 x 10°
7 cubic centimeters per second (air). The closure of the canister structural lid, which provides a
redundant closure over the shield lid and port covers, is accomplished by multi-pass welding that
is tested by liquid penetrant examination on the root, intermediate and final passes. The
longitudinal and girth welds and bottom welds of the canister shell are full penetration welds that
are radiographed or ultrasonically inspected during fabrication.

The canister welds are an impenetrable boundary to the release of fission gas products during

the period of storage. There are no evaluated normal, off-normal, or accident conditions that
result in the breach of the canister and the subsequent release of fission products. The canister
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is designed to withstand a postulated drop accident in a transportation cask without precluding
the subsequent removal of the fuel (i.e., the fuel tubes do not deform such that they bind the

fuel).

Personnel radiation exposure during handling and closure of the canister is minimized by the

following steps:

1. Placing the shield lid on the canister while the transfer cask and canister are under
water in the fuel pool.

2. Decontaminating the exterior of the transfer cask prior to draining the canister to
preserve the shielding benefit of the water.

3. Using temporary shielding.

4. Using a retaining ring on the transfer cask to ensure that the canister is not raised out
of the shield provided by the transfer cask.

5. Placing a shielding ring over the annular gap between the transfer cask and the

canister.

233 Protection by Equipment and Instrumentation Selection

The NAC-MPC is a passive storage system that does not rely on equipment or instruments to
preserve public health or safety and to meet its safety functions in long-term storage. The system
employs support equipment and instrumentation to facilitate operations. These items and the

actions taken to assure performance are described below.

2.3.3.1 Equipment

The only important-to-safety equipment employed in the use and operation of the NAC-MPC is
the lifting yoke used to lift the transfer cask. The transfer cask lifting yoke is designed to meet
the requirements of ANSI N14.6 and NUREG-0612. 1t is single failure-proof by design. The
lifting yoke is proof load tested to 300 percent of design load when fabricated. The lifting yoke
is inspected for visible defects prior to each use and is inspected annually.

Additional handling equipment (such as trailers, skids, air pads, portable cranes, or cask

transporters) are not important to safety as the NAC-MPC system is designed to withstand the
failure of any of these components.
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2.3.3.2 Instrumentation

A remote temperature measuring system is employed to measure the outlet air temperature of the
NAC-MPC in long-term storage. The outlet temperature is recorded daily as a check of the
thermal performance of the heat rejection capability of the storage cask. The outlet temperature
is expected to increase in the unlikely event that one or more inlet or outlet ventilation ports

become blocked.

The inlet and outlet ports are visually inspected each day during the same walk-through in which
the temperatures are recorded. This visual inspection assists in ensuring that the temperature

measuring system is continuing to perform as expected.

The canister shield lid weld is helium leak tested during closure. The leak detector is checked
against a known helium source immediately prior to, and after, use to preclude unknown leak

detector failure.

234 Nuclear Criticality Safety

The primary nuclear criticality safety design criterion of the NAC-MPC is to provide features that
ensure that the cask remains subcritical under normal, off-normal, and accident conditions.

Neutron poison sheets (BORAL) are employed in the basket design to capture thermalized
neutrons, and preclude uncontrolled fission events. BORAL sheets are attached to each side of
each fuel tube. These sheets are mechanically supported by the fuel tube structure to ensure that
the poison sheets remain in place during the design basis normal, off-normal, and accident

events.

The efficiency of the BORAL sheets in preserving nuclear criticality safety is demonstrated by
the Criticality Evaluation presented in Chapter 6.
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2.34.1 Error Contingency Criterion

The design of the canister and fuel basket is such that, under all conditions, the highest neutron
multiplication factor (kegr) will be less than 0.95. The criticality evaluation for the design basis
fuel is presented in Section 6.4. Assumptions made in the analyses used to demonstrate

conformance to this criterion include:

Most reactive Yankee Class fuel assembly type with maximum 25U loading;

75 percent of the nominal 198 Joading in the BORAL;

Infinite array of casks in the X-Y (horizontal) plane;

Infinite fuel length with no inclusion of end leakage effects;

No structural material present in the assembly;

No credit taken for boron in the cask cavity or surrounding loading or storage

AN S ol

area; and
7. No credit taken for fuel burnup or for the buildup of fission product neutron poisons.

These assumptions demonstrate adequate controls to assure subcriticality in the use of the NAC-
MPC system.

2.3.5 Radiological Protection

The NAC-MPC system, in keeping with the As Low As Reasonably Achievable (ALARA)
philosophy, is designed to minimize, to the extent practicable, operator radiological exposure.

2.3.5.1 Access Control

Access to an NAC-MPC ISFSI site is controlled by a peripheral fence to meet the requirements
of 10 CFR 72 and 10 CFR 20. Access to the storage area, and its designation as to the level of
radiation protection required, is established by site procedure. The storage area will be
surrounded by a fence, having lockable truck and personnel access gates. The fence will have
intrusion-detection features as determined by the site procedure.
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2352 Shielding

The NAC-MPC is designed to provide an external side surface dose (gamma and neutron) of less
than 50 mrem/hr (average) on the storage cask sides, 35 mrem/hr (average) top, and 100 mrem/hr
at the air vent inlets. The transfer cask side wall contact dose rate limit is 200 mrem/hr
(average). The design maximum dose rate at the top of the canister structural lid, with
supplemental shielding, is 200 mremv/hr (average) to limit personnel exposure during canister

closure operations.

Sections 72.104 and 72.106 of 10 CFR 72 set whole body dose limits for an individual located
beyond the controlled area at 25 millirems per year (whole body) during normal operations and 5
rems (5,000 millirems) from any design basis accident. The analyses showing the actual NAC-
MPC doses are included in Sections 5.0 and 11.0.

2353 Ventilation Off-Gas

The NAC-MPC is passively cooled by radiant and natural convection heat transfer at the outer
surface of the canister and natural convective heat transfer in the canister-concrete cask annulus.

The bottom of the cask is conservatively assumed to be an adiabatic surface. The design
criterion for the air-flow in the annulus is that the pressure difference, due to the buoyancy effect
created by the heating of the air, is equal to the flow pressure drop. The details of the passive
ventilation system design are provided in Section 4.0.

There are no radioactive releases during normal operations. Also, there are no credible accidents
that cause significant releases of radioactivity from the NAC-MPC and, hence, there are no off-
gas system requirements for the NAC-MPC during normal storage operation. The only time an
off-gas system is required is during the canister drying phase. During this operation, the reactor
off-gas system or a HEPA filter system will be used.

The surface of the canister is exposed to cooling air when the canister is placed in the storage
cask. If the surface is contaminated, the possibility exists that contamination could be carried
aloft by the cooling air stream. To ensure that the canister surface is free of contamination, pool
water is prevented from contacting the canister exterior by filling the transfer cask/canister
annular gap with clean water as the transfer cask is being lowered into the fuel pool.
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Clean water is injected into the gap during the entire time the transfer cask is submerged. These

steps preclude the intrusion of contaminated water into the canister annular gap.

Once the transfer cask is removed from the pool, a smear survey is taken of the exterior surface
of the canister near the top. While no contamination is expected to be found, it is possible that
the surface could be contaminated. The allowable upper limit on surface contamination is
calculated in Section 12.2.1.4. If this limit is exceeded, then steps to decontaminate the canister
surface must be taken and continued until the contamination is less than the allowable limit.

To facilitate decontamination, the canister is fabricated so that its exterior surface is smooth.

There are no corners or pockets that could trap and hold contamination.

23.54 Radiological Alarm Systems

There are no radiological alarms required on the NAC-MPC. Justification for this is provided in
analysis in Sections 5.0 (Shielding), 10.0 (Radiological Protection), and 11.0 (Accident
Analysis).

Typically, total radiation exposure due to the ISFSI installation is determined by the use of
Thermo-Luminescent Detectors (TLDs) mounted at convenient locations on the ISFSI fence.

The TLDs are read quarterly to provide a record of boundary dose.

2.3.6 Fire and Explosion Protection

Fire and explosion protection of the NAC-MPC is primarily provided by administrative controls
applied at the site, which preclude the introduction of any explosive and any excessive
flammable materials into the ISFSI area.

2.3.6.1 Fire Protection

A major ISFSI fire is not considered credible, since there is very little material near the casks that
could contribute to a fire. The concrete cask is largely impervious to incidental thermal events.
Administrative controls will be put in place to ensure that the presence of combustibles is
minimized. A hypothetical fire event is evaluated as an accident condition in Section 11.2.5.
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2.3.6.2 Explosion Protection

The cask and associated systems are analyzed to ensure their proper function under an
overpressure condition. As described in Section 11.2.3, in the evaluated 22 psig over pressure
condition, stresses in the canister remain below allowable limits and there is no loss of
confinement. These results are conservative as the canister is protected from direct over-pressure

conditions by the concrete storage cask.
For the same reasons as the fire condition, a severe explosion on an ISFSI site is not considered

credible. The evaluated over-pressure is considered to bound any explosive over pressure

resulting from an industrial explosion at the boundary of the owner-controlled area.
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Table 2.3-1  Safety Classification of NAC-MPC Components
Drawing Item Safety
Number Title Rev No. | Component Function Class
455-861 Weldment, Structure 3 26 Baffle Heat Transfer B
- Outlet (4) Heat Transfer B
20 | Shield Plate Shielding B
17 Nelson Stud Structural C
16 Base Plate Structural B
15 Stand Structural B
- Inlet (4) Heat Transfer B
12 Bottom Structural B
11 Shield Ring Shielding B
10 Cover Operations B
- Jack (Leveling) Operations C
3 Support Ring Structural B
2 Top Flange Structural B
1 Shell Structural B
455-862 Loaded Vertical Concrete Cask 2 9 Cover QOperations B
8 Insulation Operations B
7 Washer (Lid Bolt) QOperations C
6 Lid Bolt Operations B
5 Lid Operations B
4 Shield Plug Shielding B
455-866 Reinforcing Bar and Concrete 0 18 | Name Plate Operations C
Placement
17 Outlet Screen Operations C
16 Inlet Screen QOperations C
15 Concrete Shielding/ Structural B
13 Liner Weldment Shielding/ Structural B
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Table 2.3-1  Safety Classification of NAC-MPC Components (Continued)
Drawing Item Safety
Number | Sh | Title Rev No. | Component Function Class
455-866 | 1 [ Reinforcing Bar and Concrete 0 - Reinforcing Bar Structural B
(continued) Placement
455-870 | 1 Canister, Shell 3 3 Location Nut Operations B
2 Bottom Structural/ Confinement A
1 Shell Structural/ Confinement A
455-871 | 1 | Details, Canister 2 8 Key Operations C
7 Port Cover (Two) Confinement/ B
Operations
6 Valved Nipple (Two) Operations C
5 Structural Lid Structural A
3 Shield Lid Shielding B
2 Backing Ring Structural C
1 Lid Support Ring Structural B
455-872 | 1 | Assembly, Transportable 5 3 Drain Tube Assembly Operations C
Storage Canister
455-881 1 PWR Fuel Tube 2 4 Flange Structural A
3 Cladding Criticality Control A
2 BORAL Criticality Control A
1 Tubing Structural/ Criticality A
455-887 Drawing Deleted
455-888 Drawing Deleted
455-891 1 Bottom Weldment, Fuel Basket 0 - Support Structural B
2 Circular Pad Structural C
1 Plate Structural A
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Table 2.3-1  Safety Classification of NAC-MPC Components (Continued)
Drawing Item Safety
Number | Sh | Title Rev | No. | Component Function Class
455-892 | 1 | Top Weldment, Fuel Basket 1 4 Baffle Structural A
3 Support Structural A
2 Support Ring Structural B
1 Plate Structural A
455-893 |1 Support Disk and Misc. Basket 3 7 Top Spacer Structural B
Details
6 Split Spacer Structural B
5 Tie Rod Structural A
4 Top Nut Structural A
3 Bottom Spacer Structural B
2 Spacer Structural A
1 Plate Structural A
455-894 | 1 Heat Transfer Disk 1 1 Heat Transfer Disk Heat Transfer A
455-895 |1 Fuel Basket Assembly 2 13 Flat Washer Structural B
4 Drain Tube Sleeve Operations C
455-860 |1 Assembly, Transfer Cask 3 17 Connector Operations C
16 Fill/ Drain Line Operations C
15 Retaining Ring Bolt Operations B
14 Retaining Ring Operations B
13 Door Lock Bolt Operations C
11-12 | Shield Door Structural/Shielding B
10 Door Rail Operations B
9 Top Plate Structural B
8 Neutron Shield Shielding B
7 Scuff Plate Operations C
6 Trunnion Cap Operations C
5 Trunnion Structural B
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Table 2.3-1  Safety Classification of NAC-MPC Components (Continued)
Drawing Item Safety
Number | Sh | Title Rev { No. | Component Function Class
455-860 1 Assembly, Transfer Cask 3 4 Quter Shell Structural B
(continued)
3 Gamma Shield Brick Shielding B
2 Inner Shell Structural B
1 Bottom Plate Structural B
YR-00- |1 Yankee — Class Reconfigured Fuel I 1 Shell Weldment Structural A
060 Assembly
2 Top End Fitting Assembly Structural/ Criticality A
3 Bottom End Fitting Assembly Structural/ Criticality A
4 Basket Assembly Structural/ Criticality A
5 Top Nozzle Bolts Structural/ Criticality A
6 Alignment Pin Operations C
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24 Decommissioning Considerations

The principal elements of the NAC-MPC storage system are the vertical concrete cask (storage

cask) and the transportable storage canister (canister).

The storage cask provides biological shielding and physical protection for the contents of the
canister during long-term storage. The storage cask is not expected to become surface
contaminated during use, except through incidental contact with other contaminated surfaces.
Incidental contact could occur at the interior surface (liner) of the storage cask, the top surface
that supports the transfer cask during loading and unloading operations, and the floor of the
storage cask that supports the canister. All of these surfaces are carbon steel, and it is anticipated
that these surfaces could be decontaminated as necessary for decommissioning. A layer of
insulation and stainless steel is placed on the floor of the storage cask in order to separate the
stainless steel canister bottom from the carbon steel storage cask bottom plate. The insulation
rests on the storage cask carbon steel pedestal. The insulation is covered by a sheet of stainless
steel. Contamination of these surfaces is expected to be minimal, since the canister is isolated
from spent fuel pool water during loading in the pool and the transfer cask is decontaminated
prior to transfer of the canister to the storage cask. In the unlikely event that the insulation
became contaminated, it is not reasonable to expect that it could be decontaminated.
Consequently, the insulation would have to be disposed of as surface-contaminated material.

The concrete that provides biological shielding is not expected to become contaminated during
the period of use, as it does not come into contact with other contaminated objects or surfaces.

Activation of the carbon steel liner, concrete, support plates, and reinforcing bar could occur due
to neutron flux from the stored fuel. Since the neutron flux rate is low, only minimal activation
of carbon steel in the storage cask is expected to occur. The activity concentrations from
activation of storage cask components are listed in Table 2.4-1. Table 2.4-1 includes the
radiological significant isotopes, together with a total concentration of all activated nuclides in
the respective component. The total concentrations listed include activities of radionuclides,
which do not have any substantial contribution to radiation dose and are not specifically
identified by 10 CFR 61 waste classification. In particular the isotope contributing the majority
of the carbon steel total curie activity is > Fe, which decays by electron capture and is not of

radiological concern.
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Decommissioning of the storage cask would involve the removal of the canister and the
subsequent disassembly of the storage cask. It is expected that the concrete would be broken up,
and steel components segmented to reduce volume. Any contaminated or activated items are

expected to qualify for near-surface disposal as low specific activity material.

The transportable storage canister is designed and fabricated to be suitable for use as a waste
package for permanent disposal in a deep Mined Geological Disposal System, in that it meets the
requirements of the DOE MPC Design Procurement Specification. The canister is fabricated
from materials having high long-term corrosion resistance, and the canister contains no paints or
coatings that could adversely affect the permanent disposal of the canister. Consequently,
decommissioning of the canister would occur only if the fuel contained in the canister had to be
removed, or if current requirements for disposal were to change. Decommissioning would
require that the closure welds at the canister structural lid, shield lid and shield lid port covers be
cut, so that the spent fuel could be removed. Removal of the contents of the canister would
require that the canister be returned to a spent fuel pool or dry unloading facility, such as a hot
cell. Closure welds can be cut either manually or with automated equipment, with the procedure
being essentially the reverse of that used to initially close the canister.

Following removal of the contents, the canister could have significant internal contamination due
to the contents, and may contain “crud” or other residual material in the bottom of the canister.

Some effort may be required to remove the surface contamination prior to disposal; however, in
practice, it would not be absolutely necessary to decontaminate the canister internals. Any
contaminated canister and internal components are expected to qualify for near-surface disposal
as low specific activity waste without internal contamination, as the internal contamination
would consist only of by-product materials. Should internal decontamination be necessary, the
canister and basket surfaces are smooth, and the design precludes the presence of crud traps, thus
facilitating any required decontamination. Since the neutron flux rate from the stored fuel is low,
only minimal activation of the canister is expected to occur. The activity concentrations from
activation of canister components are listed in Table 2.4-1,

The unloaded canister could also qualify as a strong, tight container for other waste. In this case,
the canister could be filled, within weight limits, with other qualified waste, closed and
transported whole and complete to a near-surface disposal site. Use of the canister for this
purpose could reduce decommissioning costs by avoiding decontamination, segmenting and
repackaging.

24-2



NAC-MPC FSAR April 2000
Docket No. 72-1025 Revision 0

The storage pad, fence and supporting utility fixtures are not expected to require decontamination
as a result of use of the NAC-MPC system. The design of the cask and canister precludes the
release of contamination from the contents over the period of use of the system. Consequently,
these items may be reused or disposed of as locally generated clean waste.
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Table 2.4-1  Activity Concentration Summary for the NAC-MPC Vertical Concrete
Cask and Transportable Storage Canister
Activity Concentration' (Ci/m®)
Vertical Concrete Cask Transportable Storage
Canister

Isotope Shell? Shield Plug Lid Shell Lids
>*Mn 4.2E-03 8.77E-04 1.16E-04 6.0E-05 1.52E-05
%Co 2.7E-05 1.40E-05 3.05E-06 2.3E-04 8.44E-05

*Ni 2.6E-07
Ni 3.0E-01 1.10E-01
Total 8.9E-02 4.22E-02 1.19E-02 3.1E-01 1.13E-01

1. Seven days after removal of spent fuel.

2. Includes liner and concrete.
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3.0 STRUCTURAL EVALUATION

This section describes the design and analyses of the principal structural components of the
NAC-MPC System under normal operating conditions. It demonstrates that the NAC-MPC
System meets the requirements to assure confinement of contents, criticality control, radiological
shielding, and contents retrievability as required by 10CFR72 for the design basis operating
conditions. Off-normal and accident conditions are evaluated in Chapter 11.

3.1 Structural Design

3.1.1 Discussion

The NAC-MPC System consists of three major components: 1) the vertical concrete cask
(storage cask); 2) the transportable storage canister (canister); and 3) the transfer cask. These
components are shown in Figure 3.1-1. The principal structural member of the vertical concrete
cask is the reinforced concrete shell. The principal structural members of the canister are the
shell, structural lid, bottom plate, the welds joining these components, and the basket assembly.
The primary structural components of the transfer cask are its trunnions, inner and outer steel
walls and the bottom doors and their support rails. All of the components are shown on the

license drawings provided in Section 1.5.

The concrete cask is a reinforced concrete cylinder with an outside diameter of 128 inches and an
overall height of 160 inches. The internal cavity of the concrete cask is formed by a 3.5-inch
thick cylindrical carbon steel liner having an inside diameter of 79 inches. The liner is a stay-in-
place form. Its thickness is primarily determined by shielding requirements, but is related to the
need to establish a practical limit to the diameter of the concrete shell. The concrete is Type I
Portland Cement, having a nominal density of 140 Ibs/ft’, and a nominal compressive strength of
4000 psi. The inner and outer reinforcing bar assemblies are formed by vertical hook bars and
horizontal hoop bars. The air flow path is formed by channels at the bottom that provide the
entrance for cooling air, the air inlet ducts that admit the air to the storage cask interior cavity
(i.e., the annular gap between the canister outer surface and the concrete cask liner interior
surface, and the air outlet ducts.). A 5-inch thick carbon steel shield plug, that encloses a 1-inch
thick layer of NS-4-FR neutron shield material, is installed in the concrete cask cavity above the
canister. The plug is supported by a support ring welded to the liner. A 1.5-inch thick carbon

steel lid provides a cover to protect the canister from adverse environmental conditions and
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postulated tornado driven missiles. The shield plug and lid provide shielding to reduce the
skyshine radiation. The lid is bolted in place.

The canister consists of a cylindrical shell assembly closed at its top end by an inner shield lid
and an outer structural lid. The canister contains a basket assembly that holds the spent fuel.
The canister shell is 122.5 inches long and is fabricated from 304L stainless steel plate. The
canister shield lid is 5-inch thick Type 304 stainless steel, and the structural lid is 3.0-inch thick
Type 304L stainless steel. Both lids are welded to the canister shell to close the canister. The
shield lid is supported from below, prior to welding, by a support ring. The structural lid is
supported, prior to welding, by the shield lid. The bottom of the canister is a 1-inch thick, Type
304L stainless steel plate that is welded to the canister shell.

The basket assembly is designed to hold up to 36 Yankee Class fuel assemblies. It incorporates
22 Type 17-4 PH stainless steel support disks and 14 Type 6061-T6 aluminum alloy heat transfer
disks. The remaining components of the basket assembly are Type 304 stainless steel. These
disks, together with the top and bottom weldments, are positioned by tie rods (with spacers and
washers) that extend the length of the basket and clamp the components together. The support
disks provide heat removal and support the fuel tubes that pass through the disks. The heat
transfer disks provide the heat removal capability, but are not considered to be structural
components. The fuel tubes have an inside square dimension of 7.8 inches and a composite wall
thickness of 0.14 inches. All walls of each fuel tube contain a sheet of BORAL neutron poison
material. No structural credit is taken for the BORAL sheet.

A transportable storage canister containing spent fuel may also contain one or more Reconfigured
Fuel Assemblies. The Reconfigured Fuel Assembly is designed to contain Yankee Class spent
fuel rods, or portions thereof, which are classified as failed, and to maintain the geometric
positions of the rods. The assembly has a capacity of 64 full length spent fuel rods in an eight by
eight array of tubes. As shown in Figure 1.2-5, the reconfigured fuel assembly consists of a shell
(square tube with end fittings), a basket assembly, and 64 fuel tubes. All of the materials are
stainless steel.

The Yankee Class Reconfigured Fuel Assembly is designed to contain failed fuel rods, in fuel

tubes, during all storage and transport conditions. The Reconfigured Fuel Assembly is designed
to the requirements of ASME Boiler and Pressure Vessel Code, Section I, Article NG-3000 and

3.1-2
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NUREG/CR-6322, “Buckling Analysis of Spent Fuel Baskets” and using the additional guidance
contained in ASME Section III, Article NF-3000 and in ASME Section III, Appendix F. The
structural evaluation of the Reconfigured Fuel Assembly is presented in Section 11.4.

The external dimensions of the Reconfigured Fuel Assembly are the same as those of other
Yankee Class fuel assemblies. The weight of a loaded reconfigured fuel assembly
(approximately 550 pounds) is less than the weight of other Yankee Class fuel assemblies
(approximately 850 pounds). The maximum temperature of the Reconfigured Fuel Assembly

components is determined by the thermal analyses presented in Section 4.4.

The Reconfigured Fuel Assembly has been evaluated and is capable of withstanding, within code
allowable limits (Service Level A/B), a postulated end impact resulting in a deceleration of 20 g.
It is also, when located in a fuel slot in the transportable storage container, capable of
withstanding, within code allowable limits (Service Level A/B), a postulated side impact
resulting in a deceleration of 20 g. This analysis bounds the design conditions of the
Reconfigured Fuel Assembly for normal conditions of storage.

The Reconfigured Fuel Assembly has also been evaluated for accident conditions and is capable
of withstanding, within code allowable limits (Service Level D), a postulated end impact
resulting in a deceleration of 57 g. It is also, when located in a fuel slot in the transportable
storage container, capable of withstanding, within code allowable limits (Service Level D), a
postulated side impact resulting in a deceleration of 55 g. This analysis bounds the design
conditions of the Reconfigured Fuel Assembly for accident conditions of storage.

Therefore, the structural evaluations of the NAC-MPC System containing other Yankee Class

fuel assemblies (Chapters 3.0 and 11.0) bound those of the NAC-MPC System containing one or
more Yankee Class Reconfigured Fuel Assemblies.

3.1-3
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The following components are evaluated in this chapter:

o Canister lifting devices

s Canister shell, bottom, and structural lid

o Canister shield lid support ring

o Basket assembly

» Transfer cask trunnions, shells, retaining ring, bottom doors, and support rails

» Vertical concrete cask body

» Concrete cask steel components (reinforcement, liner, lid, bottom plate, bottom, etc.)

All other NAC-MPC system components shown on the drawings presented in Section 1.5 are
either nonstructural or not classified as important to safety. They are appropriately included as

loads in the evaluation of the components listed above.

The structural evaluations demonstrate that all of the NAC-MPC components meet their
structural design criteria and are capable of safely storing the design basis spent fuel.

3.1.2 Design Criteria

The NAC-MPC structural design criteria is specified in Section 2.2. The load combinations of
normal, off-normal, and accident loadings have been evaluated in accordance with ANSI 57.9
and ACI-349 for the concrete cask (see Table 2.2-2), and in accordance with the 1995 edition of
the ASME Code, Section III, Division I, Subsection NB for Class 1 components for the canister
(see Table 2.2-3). The basket is evaluated in accordance with ASME Code, Section I,
Subsection NG, and NUREG-6322. The transfer cask and the lifting yoke are lifting devices that
are designed to NUREG-0612 and ANSI N14.6.
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Figure 3.1-1 Principal Components of the NAC-MPC System
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3.2 Weights and Centers of Gravity

The component weights and centers of gravity for the NAC-MPC system are summarized in
Table 3.2-1.

3.2-1
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Table 3.2-1 NAC-MPC System Weights and Centers of Gravity
Calculated Center of Gravity

Item Description Weight (Ibs) | (inches above bottom of item)
Concrete Cask Lid 2,838 160.7
Concrete Cask Shield Plug 5,490 153.3
Canister Structural Lid 3,230 121.0
Canister Shield Lid 5,390 116.8
Transfer Adapter Plate 12,659 N/A
Canister (empty, without lid) 15,510 49.7
Canister (loaded with fuel with water 62,270 61.2
and shield lid)
Canister (loaded with fuel with lid) 54,730 65.0
Concrete Cask (empty, with shield plug, and without 148,526 80.5
lid)
Concrete Cask and Canister (loaded with fuel with lids) 206,094 83.2
Transfer Cask (empty) 80,743 57.0
Transfer Cask and Canister (empty, without lids) 96,253 58.0
Transfer Cask and Canister (loaded with fuel, with 143,013 63
water and shield lid)
Transfer Cask and Canister (loaded with fuel, dry with 135,473 64.1
lids)
Water in Canister (36 assemblies) 10,618 N/A
Fuel 30,600 55.7

322
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33 Mechanical Properties of Materials

The mechanical properties of steels used in the fabrication of the NAC-MPC components are
presented in Tables 3.3-1 through 3.3-8 and in Tables 3.3-12 and 3.3-13. The primary steels are
Type 304 and Type 304L stainless steel, selected because of their high strength, ductility,
resistance to corrosion and brittle fracture, and metallurgical stability for long-term storage. The
mechanical properties for the 6061-T6 aluminum heat transfer disks in the fuel basket are
provided in Table 3.3-9. The mechanical properties of the concrete are presented in Table 3.3-
10. The mechanical properties of the neutron shield material, NS-4-FR, are presented in Table
3.3-11.
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Table 3.3-1  Mechanical Properties of SA 240, A 479 Type 304 Stainless Steel
Temperature (°F)

Property (units) -40 -20 +70 +200 +300 +400 +500 +750

Ultimate Strength' 75.0 75.0 75.0 71.0 66.0 64.4 63.5 63.1
(ksi)

Yield Strength® 30.0 30.0 30.0 25.0 22.5 20.7 19.4 17.3
(ksi)

Design Stress 20.0 20.0 20.0 20.0 20.0 18.7 17.5 15.6
Intensity” (ksi)

Modulus of 28.7E+3 | 28.7E+3 | 28.3E+3 | 27.6E+3 | 27.0E+3 | 26.5E+3 | 25.8E+3 | 24.4E+3
Elasticity* (ksi)

Alternating Stress’ 718.0 718.0 708.0 690.5 675.5 663.0 645.5 610.4
@ 10 cycles (ksi)

Alternating Stress’ 28.7 287 28.3 27.6 27.0 26.5 25.8 244
@ 10° cycles (ksi)

Coefficient of 8.13E-6 | 8.19E-6 | 8.46E-6| 879E-6| 9.00E-6 { 9.19E-6 | 9.37E-6| 9.76E-6
Thermal Expansion®
(in/in/°F)

Poisson’s Ratio’ 0.275

Density® (Ibm/in®) 0.288

ASME Code, Section 11, Part D, Table U.

ASME Code, Section II, Part D, Table Y-1.

ASME Code, Section II, Part D, Table 2A.

ASME Code, Section II, Part D, Table TM-1.

ASME Code, Section III, Appendix I, Table I-9.1.
ASME Code, Section II, Part D, Table TE-1.

Hanford, Volume 1, Design Data, Property Code 2110.
Hanford, Volume 1, Design Data, Property Code 3304.

0 -~ A L s N -

3.3-2




NAC-MPC FSAR

April 2000

Docket No. 72-1025 Revision 0
Table 3.3-2  Mechanical Properties of SA 336, Type 304 Stainless Steel
Temperature (°F)

Property (units) -40 -20 +70 +200 +300 +400 +500 +750

Ultimate Strength' 70.0 70.0 70.0 66.2 6L.5 60.0 59.3 58.9
(ksi)

Yield Strength? 30.0 30.0 30.0 25.0 22.5 207 | 194 17.3
(ksi)

Design Stress 20.0 20.0 20.0 20.0 20.0 18.7 17.5 15.6
Intensity3 (ksi)

Modulus of 28.7E+3 | 28.7E+3 | 28.3E+3 | 27.6E+3 | 27.0E+3 | 26.5E+3 | 25.8E+3 | 244E+3
Elasticity® (ksi)

Alternating Stress® 718.0 718.0 708.0 690.5 675.5 663.0 645.5 6104
@ 10 cycles (ksi)

Alternating Stress® 28.7 28.7 28.3 27.6 27.0 26.5 25.8 244
@ 10° cycles (ksi)

Coefficient of 8.13E-6 | 8.19E-6 | 846E-6| 8.79E-6 | 9.00E-6 | 9.19E-6 | 9.37E-6 | 9.76E-6
Thermal Expansion®
(in/in/°F)

Poisson’s Ratio’ 0.275

Density® (Ibm/in®) 0.288

O N N AW =

ASME Code, Section II, Part D, Table U.
ASME Code, Section I1, Part D, Table Y-1.
ASME Code, Section I, Part D, Table 2A.
ASME Code, Section II, Part D, Table TM-1.

ASME Code, Section III, Appendix I, Table I-9.1.
ASME Code, Section II, Part D, Table TE-1.

Hanford, Volume 1, Design Data, Property Code 2110.
Hanford, Volume 1, Design Data, Property Code 3304.
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Table 3.3-3  Mechanical Properties of SA 240, Type 304L Stainless Steel
Temperature (°F)

Property (units) -40 -20 +70 +200 +300 +400 +500 +750

Ultimate Strength’ 70.0 70.0 70.0 66.2 60.9 58.5 57.8 559
(ksi)

Yield Strength® 25.0 25.0 25.0 214 19.2 175 | 16.4 14.7
(ksi)

Design Stress 16.7 16.7 16.7 16.7 16.7 15.8 14.8 13.3
Intensity3 (ksi)

Modulus of 28.7E+3 | 28.7E+3 | 28.3E+3 | 27.6E+3 | 27.0E+3 | 26.5E+3 | 25.8E+3 | 24 4E+3
Elasticity* (ksi)

Alternating Stress’ 718.0 718.0 708.0 690.5 675.5 663.0 645.5 6104
@ 10 cycles (ksi)

Alternating Stress® 28.7 28.7 28.3 27.6 27.0 26.5 25.8 24.4
@ 10° cycles (ksi)

Coefficient of 8.13E-6 | 8.19E-6 | 8.46E-6 | 8.79E-6| 9.00E-6 | 9.19E-6 | 9.37E-6 | 9.76E-6
Thermal Expansion®
(in/in/°F)

Poisson’s Ratio’ 0.275

Density® (Ibm/in®) 0.288

ASME Code, Section II, Part D, Table U.

ASME Code, Section II, Part D, Table Y-1.

ASME Code, Section II, Part D, Table 2A.

ASME Code, Section II, Part D, Table TM-1.

ASME Code, Section III, Appendix I, Table I-9.1.
ASME Code, Section II, Part D, Table TE-1.

Hanford, Volume 1, Design Data, Property Code 2110.
Hanford, Volume 1, Design Data, Property Code 3304.

W N R W N =

334




N

NAC-MPC FSAR

April 2000

Docket No. 72-1025 Revision 0
Table 3.3-4  Mechanical Properties of SA 705, SA 693 and SA 564, Type 630,
H1150, 17-4 PH Stainless Steel
Temperature (°F)

Property (units) -40 -20 +70 +200 +300 +400 +500 +650

Ultimate Strength" > 135.0 135.0 135.0 135.0 135.0 131.4 128.5 125.7
(ksi)

Yield Strength® 105.0 105.0 105.0 97.1 93.0 89.5 87.0 83.6
(ksi)

Design Stress 45.0 45.0 45.0 45.0 45.0 43.8 42.8 41.9
In’[ensity4 (ksi)

Modulus of 28.7E+3 | 28.7E+3 | 28.3E+3 | 27.6E+3 | 27.0E+3 | 26.5E+3 | 25.8E+3 | 25.1E+3
Elasticity® (ksi)

Alternating Stress® 401.8 401.8 396.2 386.4 378.0 371.0 361.2 341.6
@ 10 cycles (ksi)

Alternating Stress® 19.1 19.1 18.9 18.4 18.0 17.7 17.2 16.3
@ 10° cycles (ksi)

Coefficient of 5.88E-6 | 5.88E-6| 5.89E-6 | 5.90E-6| 5.90E-6 | S591E-6| 591E-6| 5.93E-6
Thermal Expansion’
(in/in/°F)

Poisson’s Ratio® 0.291

Density’ (Ibm/in’) 0.284

O X N A W N =

ARMCO, Table 7.

ARMCO, Table 16.

ASME Code, Section II, Part D, Table U.
Tabulated value is calculated by ratioing from the Design Stress Intensity.
ASME Code, Section II, Part D, Table Y-1.
ASME Code, Section 11, Part D, Table 2A.
ASME Code, Section II, Part D, Table TM-1.
ASME Code, Section III, Appendix I, Table I-9.1.
ASME Code, Section II, Part D, Table TE-1.

3.3-5
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Table 3.3-5  Mechanical Properties of A36 Carbon Steel

Temperature (°F)
Property (units) 100 200 300 400 500 600 650 700
S, (ksi)' 58.0 58.0 58.0 58.0 _ _ - —
S, (ksi)' 36.0 32.8 31.9 30.8 29.1 26.6 26.1 259
Sm (ksi)? 19.3 19.3 19.3 19.3 19.3 17.7 174 17.3
Modulus of 29.0E+3 | 28.8E+3 | 28.3E+3 | 27.7E+3 | 27.3E+3 | 26.7E+3 | 26.1E+3 | 25.5E+3
Elasticity” (ksi)
a (in/in/ °F)* 5.53E-6 | 5.89E-6 | 6.26E-6 | 6.61E-6 | 6.91E-6 | 7.17E-6 | 7.30E-6 | 7.41E-6
Poisson’s Ratio® 0.31
Density® (Ibm/in’) 0.284

D Bh W N =

Ross.

3.3-6

Cases of ASME Boiler and Pressure Vessel Code, Case N-71-17, Table 1, 2, 3, 4, 5.
ASME Code, Section I, Part D, Table 2A.

ASME Code, Section II, Part D, Table TM-1.
ASME Code, Section II, Part D, Group C in Table TE-1.
ASME Code, Section II, Part D, Table NF-1.
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Table 3.3-6  Mechanical Properties of A615, GR 60, Reinforcing Steel

Temperature (°F)

Property (units) 148 328 508 688

S, (ksi)" 58.0 65.3 69.6 53.7
60

S, (ksi)*

Modulus of 29.88E+3

Easticity1 (ksi)

o (infin/ °F)’ 6.1E-6
Density' (Ibm/in’) 0.284
Ross.

2 Cases of ASME Code, Case N-71-17, Table 1, 2, 3, 4, 5.
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Table 3.3-7  Mechanical Properties of A500 Carbon Steel

Temperature (°F)
Property (units) 100 200 300 400 500 600 650 700
S, (ksi)! 58.0 58.0 58.0 58.0 _ _ _ _
Sy (ksi)1 42.0 38.3 37.2 35.9 339 31.0 304 30.2
Modulus of
E]asticity2 (ksi) 29.0E+3 | 28.8E+3 | 28.3E+3 | 27.7E+3 | 27.3E+3 | 26.7E+3 | 26.1E+3 | 25.5E+3
o (in/in/ °F)3 5.53E-6 | 5.89E-6 | 6.26E-6 | 6.61E-6 | 6.91E-6 | 7.17E-6 | 7.30E-6 | 7.41E-6
Poisson’s Ratio® 0.31
Density’ (Ibm/in’) 0.284

AR S S

Ross.

3.3-8

Cases of ASME Boiler and Pressure Vessel Code, Case N-71-17, Table 1, 2, 3, 4, 5.
ASME Code, Section II, Part D, Table TM-1.
ASME Code, Section II, Part D, Group C in Table TE-1.
ASME Code, Section II, Part D, Table NF-1.
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Table 3.3-8  Mechanical Properties of A588, Type A and B Low Alloy Steel

Temperature (°F)
Property (units) 100 200 300 . 400 500 600 650 700
S, (ksi)! 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0
S, (ksi)! 50.0 475 45.6 43.0 41.8 39.9 38.9 37.9
Sy (ksi)! 233 23.3 233 23.3 233 23.3 23.3 23.3
Modulus of
Elasticity2 (ksi) 29.0E+3 | 28.8E+3 | 28.3E+3 | 27.7E+3 | 27.3E+3 | 26.7E+3 | 26.1E+3 | 25.5E+3
o (in/in/ °F)3 5.53E-6 | 5.89E-6 | 6.26E-6 | 6.61E-6 | 6.91E-6 | 7.17E-6 | 7.30E-6 | 741E-6
Poisson’s Ratio” 0.31
Density’ (Ibm/in°) 0.284

L T N S

Ross.

3.3-9

Cases of ASME Boiler and Pressure Vessel Code, Case N-71-17, Table 1, 2, 3, 4, 5.
ASME Code, Section II, Part D, Table TM-1.
ASME Code, Section II, Part D, Group C in Table TE-1.
ASME Code, Section II, Part D, Table NF-1.
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Table 3.3-9  Mechanical Properties of 6061-T6 Aluminum Alloy
Temperature (°F)

Property (units) 70 100 200 300 400 500 600 700

Ultimate Strength" 2 42.0 40.7 38.2 31.5 17.2 6.7 34 2.1
(ksi)

Yield Strength 35.0 339 322 26.9 14.0 53 2.5 14
(ksi)"?

Design Stress'(ksi) 10.5 10.5 10.5 8.4 4.4 N/A N/A N/A

Modulus of 10.0E+3 9.9E+3 9.6E+3 9.2E+3 8.7E+3 8.1E+3 7.0E+3° N/A
Elasticity>(ksi)

Coefficient of --- 12.6E-6 12.9E-6 13.22E-6 | 13.52E-6 | 13.7E-6° | 14.3E-6° N/A
Thermal

Expansion®
(in/in/°F)

Poisson’s Ratio’ 0.33

Density® (Ibm/in°) 0.098

! ASME Code, Section II, Part D, Table 1-B.

3.6.2.2.1(a) and 3.6.2.2.1(b):
Sy etemp = (% Value) (S, e7)
Sy @emp = (% Value) (S, @)
% Value @ Room Temperature

Temp°F 100 200 300 400 500 600
Su 97 91 75 41 16 8
7

S, 97 92 77 40 15

> ASME Code, Section II, Part D, Table TM-2.
* ASME Code, Section II, Part D, Table TE-2.
°  MIL-HDBK-5G, Figure 3.6.2.2.4.

8 MIL-HDBK-5G, Figure 3.6.2.0.

7 ASME Code, Section II, Part D, Table NF-1.
ASME Code, Section II, Part D, Table NE-2.

3.3-10

~J
o

W

S

Strength at elevated temperatures calculated using the following relationships from MIL-HDBK-5G, Figures
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Table 3.3-10 Mechanical Properties of Concrete
Temperature (°F)

Property (units) 70 100 200 300 400 500
Density’ (Ibs/ft’) 140 140 140 140 140 140
Compressive 4,000 4,000 4,000 3,800 3,600 3,400

Strength’ (psi)
Coefficient of 5.5x10°°

Thermal Expansionl

(in/in/°F)
Modulus of — | 3.64x10°| 3.38x10°| 3.09x10°| 3.73x10°| 3.43x10°

Elasticity' (ksi)

' Fintel.

3.3-11
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Table 3.3-11 Mechanical Properties of NS-4-FR

Temperature (°F)

Property (units) 86 158 212 302

Compressive Modulus 561
of Elasticity' (ksi)

Coefficient of 2.22E-5 | 4.72E-5 | 5.88E-5 | 5.74E-5
Thermal Expansion’
(in/in/°F)

Density' (Ibm/in®) 0.0607

' GESC Product Data.
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Table 3.3-12 Mechanical Properties of SA193, Grade B6, High Alloy Steel Bolting Material

Temperature (°F)

Property (units) -40 -20 70 200 300 400 500 750
S, (ksi) 110.0' | 110.0' | 110.0' | 104.9* | 101.5° 98.3* 95.6° 89.4°
S, (ksi) 85.0" 85.0" 85.0' 81.2 78.4° 76.0 73.9* 69.1°
S (ksi)™ 28.3 28.3 28.3 27.0 26.1 25.3 24.6 23.0°
Modulus of 30.1E+3 | 30.1E+3 | 29.2E+3 | 28.5E+3 | 27.9E+3 | 27.3E+3 | 26.7E+3 | 25.2E+3
Elasticit