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CHAPTER 1 t: GENERAL DESCRIPTION

1.0 GENERAL INFORMATION

This Final Safety Analysis Report (FSAR) for Holtec International's HI-STORM 100 System is a
compilation of information and analyses to support a United States Nuclear Regulatory Commission
(NRC) licensing review as a spent nuclear fuel (SNF) dry storage cask under requirements specified
in IOCFR72 [ 1.0.1 ]. This FSAR describes the basis- for NRC approval and issuance of a Certificate
of Compliance (C of C) for storage under provisions of 1OCFR72, Subpart L, for the HI-STORM
100 System to safely store spent nuclear fuel (SNF) at an Independent Spent Fuel Storage
Installation (ISFSI). This report has been prepared in the format and content suggested in NRC
Regulatory Guide 3.61 [1.0.2] and NUREG-1536 Standard Review Plan for Dry Cask Storage
Systems [1.0.3] to facilitate the NRC review process.

The purpose of this chapter is to provide a general description of the design features and storage
capabilities of the HI-STORM 100 System, drawings of the structures, systems, and components
important to safety, and the qualifications of the certificate holder. This report is also suitable for
incorporation into a site-specific Safety Analysis Report, which may be submitted by an applicant
for a site-specific 10 CFR 72 license to store SNF at an ISFSI or a facility similar in objective and
scope. Table 1.0.1 contains a listing of the terminology and notation used in this FSAR.

To aid NRC review, additional tables and references have been added to facilitate the location of
information requested by NUREG-1536. Table 1.0.2 provides a matrix of the topics in NUREG-
1536 and Regulatory Guide 3.61, the corresponding 1OCFR72 requirements, and a reference to the
applicable FSAR section that addresses each topic.

The HI-STORM 100 FSAR is in full compliance with the intent of all regulatory requirements listed
in Section III of each chapter of NUREG- 1536. However, an exhaustive review of the provisions in
NUREG- 1536, particularly Section IV (Acceptance Criteria) and Section V (Review Procedures)
has identified certain deviations from a verbatim compliance to all guidance. A list of all such items,
along with a discussion of their intent and Holtec International's approach for compliance with the
underlying intent is presented in Table 1.0.3 herein. Table 1.0.3 also contains the justification for the
alternative method for compliance adopted in this FSAR. The justification may be in the form of a
supporting analysis, established industry practice, or other NRC guidance documents. Each chapter
in this FSAR provides a clear statement with respect to the extent of compliance to the NUREG-
1536 provisions. Chapter 1 is in full compliance with NUREG-1536; no exceptions are taken.

This chapter has been prepared in the fornat and section organization set forth in Regulatory Guide 3.61.

However, the material content of this chapter also fulfills the requirements of NUREG-1536. Pagination
and numbering of sections, figures, and tables are consistent with the convention set down in Chapter 1,
Section 1.0, herein. Finally, all tenns-of-art used in this chapter are consistent with the terminology of the
glossary (Table 1.0.1) and component nomenclature of the Bill-of-Materials (Section 1.5).
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The generic design basis and the corresponding safety analysis of the HI-STORM 100 System
contained in this FSAR are intended to bound the SNF characteristics, design, conditions, and
interfaces that exist in the vast majority of domestic power reactor sites and potential away-from-
reactor storage sites in the contiguous United States. This FSAR also provides the basis for
component fabrication and acceptance, and the requirements for safe operation and maintenance of
the components, consistent with the design basis and safety analysis documented herein. In
accordance with lOCFR72, Subpart K, site-specific implementation of the generically certified HI-
STORM 100 System requires that the licensee perform a site-specific evaluation, as defined in
I OCFR72.212. The HI-STORM 100 System FSAR identifies a limited number of conditions that are
necessarily site-specific and are to be addressed in the licensee's IOCFR72.212 evaluation. These
include:

" Siting of the ISFSI and design of the storage pad (including the embedment for
anchored cask users) and security system. Site-specific demonstration of compliance
with regulatory dose limits. Implementation of a site-specific ALARA program.

* An evaluation of site-specific hazards and design conditions that may exist at the
ISFSI site or the transfer route between the plant's cask receiving bay and the ISFSI.
These include, but are not limited to, explosion and fire hazards, flooding conditions,
land slides, and lightning protection.

* Determination that the physical and nucleonic characteristics and the condition of the
SNF assemblies to be dry stored meet the fuel acceptance requirements of the
Certificate of Compliance.

* An evaluation of interface and design conditions that exist within the plant's fuel
building in which canister fuel loading, canister closure, and canister transfer
operations are to be conducted in accordance with the applicable 1OCFR50
requirements and technical specifications for the plant.

* Detailed site-specific operating, maintenance, and inspection procedures prepared in
accordance with the generic procedures and requirements provided in Chapters 8 and
9, and the technical specifications provided in the Certificate of Compliance.

" Performance of pre-operational testing.

* Implementation of a safeguards and accountability program in accordance with
1OCFR73. Preparation of a physical security plan in accordance with 1OCFR73.55.

* Review of the reactor emergency plan, quality assurance (QA) program, training
program, and radiation protection program.
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The generic safety analyses contained in the HI-STORM 100 FSAR may be used as input and for
guidance by the licensee in performing a 1OCFR72.212 evaluation.

Within this report, all figures, tables and references cited are identified by the double decimal system
m.n.i, where m is the chapter number, n is the section number, and i is the sequential number. Thus,
for example, Figure 1.2.3 is the third figure in Section 1.2 of Chapter 1.

Revisions to this document are made on a section level basis. Complete sections have been replaced
if any material in the section changed. The specific changes are noted with revision bars in the right
margin. Figures are revised individually. Drawings are controlled separately within the Holtec QA
program and have individual revision numbers. Bills-of-Material (BOMs) are considered separate
drawings and are not necessarily at the same revision level as the drawing(s) to which they apply. If
a drawing or BOM was revised in support of the current FSAR revision, that drawing/BOM is
included in Section 1.5 at its latest revision level. Drawings and BOMs appearing in this FSAR may
be revised between formal updates to the FSAR. Therefore, the revisions of drawings/BOMs in
Section 1.5 may not be current.

1.0.1 Engineering Change Orders

The changes authorized by the Holtec ECOs (with corresponding 10CFR72.48 evaluations, if
applicable) listed in the following table are reflected in Revision 5 of this FSAR.

LIST OF ECO'S AND APPLICABLE IOCFR72.48 EVALUATIONS

Affected Item ECO Number 72.48 Evaluation or
Screening Number

MPC-68/68F/68FF Basket 1021-78, 80, 89 824, 782, 828
MPC-24/24E/24EF Basket 1022-67, 68 782, 824

MPC-32 Basket 1023-43, 45, 46 824, 782,816
MPC Enclosure Vessel 1023-42, 1021-77, 83 772, 832
HI-STORM Overpack 1024-108, 119 through 124, 126, 766, 768, 777, 781,

131,134, 135 786, 820, 821,822,
833

HI-TRAC 100 and IOOD 1026-41 766
Transfer Cask

HI-TRAC 125 and 125D
Transfer Cask

General FSAR Changes 1024-123, 5014-127, 131, 132, 821,765,812,831,
135, 137, 138, 139, 144 838,844,

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM 100 FSAR
REPORT HI-2002444 1.0-3

Rev. 5

HI-STORM 100 Rev. 5 - 6/21/07



Table 1.0.1

TERMINOLOGY AND NOTATION

ALARA is an acronym for As Low As Reasonably Achievable.

Boral is a generic term to denote an aluminum-boron carbide cermet manufactured in accordance
with U.S. Patent No. 4027377. The individual material supplier may use another trade name to refer
to the same product.

BoralTM means Boral manufactured by AAR Advanced Structures.

BWR is an acronym for boiling water reactor.

C.G. is an acronym for center of gravity.

Commercial Spent Fuel or CSF refers to nuclear fuel used to produce energy in a commercial
nuclear power plant.

Confinement Boundary means the outline formed by the sealed, cylindrical enclosure of the Multi-
Purpose Canister (MPG) shell welded to a solid baseplate, a lid welded around the top circumference
of the shell wall, the port cover plates welded to the lid, and the closure ring welded to the lid and
MPC shell providing the redundant sealing.

Confinement System means the Multi-Purpose Canister (MPG) which encloses and confines the
spent nuclear fuel during storage.

Controlled Area means that area immediately surrounding an ISFSI for which the owner/user
exercises authority over its use and within which operations are performed.

Cooling Time (or post-irradiation cooling time) for a spent fuel assembly is the time between
reactor shutdown and the time the spent fuel assembly is loaded into the MPC.

DBE means Design Basis Earthquake.

DCSS is an acronym for Dry Cask Storage System.

Damaged Fuel Assembly is a fuel assembly with known or suspected cladding defects, as
determined by review of records, greater than pinhole leaks or hairline cracks, empty fuel rod
locations that are not replaced with dummy fuel rods, or those that cannot be handled by normal
means. Fuel assemblies that cannot be handled by normal means due to fuel cladding damage are
considered fuel debris.

Damaged Fuel Container (or Canister) means a specially designed enclosure for damaged fuel or
fuel debris which permits gaseous and liquid media to escape while minimizing dispersal of gross
particulates. The Damaged Fuel Container/Canister (DFC) features a lifting location which is
suitable for remote handling of a loaded or unloaded DFC.
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

Design Heat Load is the computed heat rejection capacity of the HI-STORM system with a certified
MPC loaded with CSF stored in uniformn storage with the ambient at the normal temperature and the
peak cladding temperature (PCT) at 400'C. The Design Heat Load is less than the thermal capacity
of the system by a suitable margin that reflects the conservatism in the system thermal analysis.

Design Life is the minimum duration for which the component is engineered to perform its intended
function set forth in this FSAR, if operated and maintained in accordance with this FSAR.

Design Report is a document prepared, reviewed and QA validated in accordance with the
provisions of IOCFR72 Subpart G. The Design Report shall demonstrate compliance with the
requirements set forth in the Design Specification. A Design Report is mandatory for systems,
structures, and components designated as Important to Safety. The FSAR serves as the Design
Report for the HI-STORM 100 System.

Design Specification is a document prepared in accordance with the quality assurance requirements
of 1 OCFR72 Subpart G to provide a complete set of design criteria and functional requirements for a
system, structure, or component, designated as Important to Safety, intended to be used in the
operation, implementation, or decommissioning of the HI-STORM 100 System. The FSAR serves as
the Design Specification for the HI-STORM 100 System.

Enclosure Vessel (or MPC Enclosure Vessel) means the pressure vessel defined by the cylindrical
shell, baseplate, port cover plates, lid, closure ring, and associated welds that provides confinement
for the helium gas contained within the MPC. The Enclosure Vessel (EV) and the fuel basket
together constitute the multi-purpose canister.

Fracture Toughness is a property which is a measure of the ability of a material to limit crack
propagation under a suddenly applied load.

FSAR is an acronym for Final Safety Analysis Report (1OCFR72).

Fuel Basket means a honeycombed structural weldment with square openings which can accept a
fuel assembly of the type for which it is designed.

Fuel Debris is defined as:
I Intact or damaged parts of fuel assemblies or non-fuel hardware
2 Containers or structures that are supporting intact or damaged parts of fuel assemblies or

non-fuel hardware
3. Fuel assemblies with known or suspected defects which cannot be handled by normal

means due to fuel cladding damage
4 Non-fuel hardware not inserted in a fuel assembly

It is not required that all fuel and parts in a single DFC are from a single assembly.
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

High Burnup Fuel, or HBF is a commercial spent fuel assembly with an average burnup greater
than 45,000 MWD/MTU.

HI-TRAC transfer cask or HI-TRAC means the transfer cask used to house the MPC during MPC
fuel loading, unloading, drying, sealing, and on-site transfer operations to a HI-STORM storage
overpack or HI-STAR storage/transportation overpack. The HI-TRAC shields the loaded MPC
allowing loading operations to be performed while limiting radiation exposure to personnel. HI-
TRAC is an acronym for Holtec International Transfer Cask. In this FSAR there are several HI-
TRAC transfer casks, the 125-ton standard design HI-TRAC (HI-TRAC-125), the 125-ton dual-
purpose lid design (HI-TRAC 125D), the 100-ton HI-TRAC (HI-TRAC- 100) and the 100-ton dual
purpose lid design (HI-TRAC IOD). The 100-ton HI-TRAC is provided for use at sites with a
maximum crane capacity of less than 125 tons. The term HI-TRAC is used as a generic term to refer
to all HI-TRAC transfer cask designs, unless the discussion requires distinguishing among the
designs. The HI-TRAC is equipped with a pair of lifting trunnions and the HI-TRAC 100 and HI-
TRAC 125 designs also include pocket trunnions. The trunnions are used to lift and downend/upend
the HI-TRAC with a loaded MPC.

HI-STORM overpack or storage overpack means the cask that receives and contains the sealed
multi-purpose canisters containing spent nuclear fuel. It provides the gamma and neutron shielding,
ventilation passages, missile protection, and protection against natural phenomena and accidents for
the MPC. The term "overpack" as used in this FSAR refers to all overpack designs, including the
standard design (HI-STORM 100) and two alternate designs (HI-STORM IOOS and HI-STORM
IOOS Version B). The term "overpack" also applies to those overpacks designed for high seismic
deployment (HI-STORM 1O0A or HI-STORM IOOSA), unless otherwise clarified.

HI-STORM 100 System consists of any loaded MPC model placed within any design variant of the
HI-STORM overpack.

HoltiteTMl is the trade name for all present and future neutron shielding materials formulated under
Holtec International's R&D program dedicated to developing shielding materials for application in
dry storage and transport systems. The Holtite development program is an ongoing experimentation
effort to identify neutron shielding materials with enhanced shielding and temperature tolerance
characteristics. Holtite-ATM is the first and only shielding material qualified under the Holtite R&D
program. As such, the terms Holtite and Holtite-A may be used interchangeably throughout this
FSAR.

HoltiteTM-A is a trademarked Holtec International neutron shield material.

Important to Safety (ITS) means a function or condition required to store spent nuclear fuel safely;
to prevent damage to spent nuclear fuel during handling and storage, and to provide reasonable
assurance that spent nuclear fuel can be received, handled, packaged, stored, and retrieved without
undue risk to the health and safety of the public.
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

Independent Spent Fuel Storage Installation (ISFSI) means a facility designed, constructed, and
licensed for the interim storage of spent nuclear fuel and other radioactive materials associated with
spent fuel storage in accordance with 1OCFR72.

Intact Fuel Assembly is defined as a fuel assembly without known orsuspected cladding defects
greater than pinhole leaks and hairline cracks, and which can be handled by normal means. Fuel
assemblies without fuel rods in fuel rod locations shall not be classified as Intact Fuel Assemblies
unless dummy fuel rods are used to displace an amount of water greater than or equal to that
displaced by the fuel rod(s).

License Life means the duration for which the system is authorized by virtue of its certification by
the U.S. NRC.

Long-term Storage means the time beginning after on-site handling is complete and the loaded
overpack is at rest in its designated storage location on the ISFSI pad and lasting up to the end of the
licensed life of the HI-STORM 100 System (20 years).

Lowest Service Temperature (LST) is the minimum metal temperature of a part for the specified
service condition.

Maximum Reactivity means the highest possible k-effective including bias, uncertainties, and
calculational statistics evaluated for the worst-case combination of fuel basket manufacturing
tolerances.

METAMIC® is a trade name for an aluminum/boron carbide composite neutron absorber material
qualified for use in the MPCs.

METCONTM is a trade name for the HI-STORM overpack. The trademark is derived from the

metal-concrete composition of the HI-STORM overpack.

MGDS is an acronym for Mined Geological Disposal System.

Minimum Enrichment is the minimum assembly average enrichment. Natural uranium blankets are
not considered in determining minimum enrichment.

Moderate Burnup Fuel, or MBF is a commercial spent fuel assembly with an average burnup less
than or equal to 45,000 MWD/MTU.

Multi-Purpose Canister (MPC) means the sealed canister consisting of a honeycombed fuel basket
for spent nuclear fuel storage, contained in a cylindrical canister shell (the MPC Enclosure Vessel).
There are different MPCs with different fuel basket geometries for storing PWR or BWR fuel, but
all MPCs have identical exterior dimensions. The MPC is the confinement boundary for storage
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

conditions.

NDT is an acronym for Nil Ductility Transition Temperature, which is defined as the temperature at
which the fracture stress in a material with a small flaw is equal to the yield stress in the same
material if it had no flaws.

Neutron Absorber Material is a generic term used in this FSAR to indicate any neutron absorber
material qualified for use in the HI-STORM 100 System MPCs.

Neutron Shielding means a material used to thermalize and capture neutrons emanating from the
radioactive spent nuclear fuel.

Non-Fuel Hardware is defined as Burnable Poison Rod Assemblies (BPRAs), Thimble Plug
Devices (TPDs), Control Rod Assemblies (CRAs), Axial Power Shaping Rods (APSRs), Wet
Annular Burnable Absorbers (WABAs), Rod Cluster Control Assemblies (RCCAs), Neutron Source
Assemblies (NSAs), water displacement guide tube plugs, orifice rod assemblies, and vibration
suppressor inserts.

Planar-Average Initial Enrichment is the average of the distributed fuel rod initial enrichments
within a given axial plane of the assembly lattice.

Plain Concrete is concrete that is unreinforced and is of density specified in this FSAR.

Post-Core Decay Time (PCDT) is synonymous with cooling time.

PWR is an acronym for pressurized water reactor.

Reactivity is used synonymously with effective neutron multiplication factor or k-effective.

Regionalized Fuel Loading is a term used to describe, an optional fuel loading strategy used in lieu
of uniform fuel loading. Regionalized fuel loading allows high heat emitting fuel assemblies to be
stored in fuel storage locations in the center of the fuel basket provided lower heat emitting fuel
assemblies are stored in the peripheral fuel storage locations. Users choosing regionalized fuel
loading must also consider other restrictions in the CoC such as those for non-fuel hardware and
damaged fuel containers. Regionalized fuel loading does not apply to the MPC-68F model.

SAR is an acronym for Safety Analysis Report (IOCFR7 1).

Service Life means the duration for which the component is reasonably expected to perform its
intended function, if operated and maintained in accordance with the provisions of this FSAR.
Service Life may be much longer than the Design Life because of the conservatism inherent in the
codes, standards, and procedures used to design, fabricate, operate, and maintain the component.
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

Short-term Operations means those normal operational evolutions necessary to support fuel
loading or fuel unloading operations. These include, but are not limited to MPC cavity drying,
helium backfill, MPC transfer, and onsite handling of a loaded HI-TRAC transfer cask.

Single Failure Proof means that the handling system is designed so that all directly loaded tension
and compression members are engineered to satisfy the enhanced safety criteria of Paragraphs
5.1.6(l)(a) and (b) of NUREG-0612.

SNF is an acronym for spent nuclear fuel.

SSC is an acronym for Structures, Systems and Components.

STP is Standard Temperature and Pressure conditions.

Thermal Capacity of the HI-STORM system is defined as the amount of heat the storage system,
containing an MPC loaded with CSF stored in uniform storage, will actually reject with the ambient
environment at the normal temperature and the peak fuel cladding temperature (PCT) at 400'C.

Thermosiphon is the term used to describe the buoyancy-driven natural convection circulation of
helium within the MPC fuel basket.

Uniform Fuel Loading is a fuel loading strategy where any authorized fuel assembly may be stored
in any fuel storage location, subject to other restrictions in the CoC, such as those applicable to non-
fuel hardware, and damaged fuel containers.

ZPA is an acronym for zero period acceleration.

ZR means any zirconium-based fuel cladding material authorized for use in a commercial nuclear
power plant reactor. Any reference to Zircaloy fuel cladding in this FSAR applies to any zirconium-
based fuel cladding material.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM 100 FSAR
REPORT HI-2002444

Rev. 5
1.0-9

HI-STORM 100 Rev. 5 - 6/21/07



Table 1.0.2

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM
Section and Content 1536 Review Criteria or 1OCFR20 FSAR

Requirement
1. General Description

1.1 Introduction 1.1I1.1 General Description 1OCFR72.24(b) 1.1
& Operational
Features

1.2 General Description 1.111. 1 General Description I OCFR72.24(b) 1.2
& Operational
Features

1.2.1 Cask l.I1I.1 General Description 1OCFR72.24(b) 1.2.1
Character- & Operational
istics Features

1.2.2 Operational 1.111. General Description 10CFR72.24(b) 1.2.2
Features & Operational

Features
1.2.3 Cask 1.III.3 DCSS Contents 1OCFR72.2(a)(1) 1.2.3

Contents 1OCFR72.236(a)
1.3 Identification of 1.111.4 Qualification of the IOCFR72.24(j) 1.3

Agents & Contractors Applicant 10CFR72.28(a)
1.4 Generic Cask Arrays 1.111.1 General Description 10CFR72.24(c)(3) 1.4

& Operational
Features

1.5 Supplemental Data 1.111.2 Drawings 1OCFR72.24(c)(3) 1.5
NA 1.111.6 Consideration of 1OCFR72.230(b) 1.1

Transport 1OCFR72.236(m)
Requirements

NA 1.III.5 Quality Assurance 10CFR72.24(n) 1.3
2. Principal Design Criteria

2.1 Spent Fuel To Be 2.III.2.a Spent Fuel 10CFR72.2(a)(1) 2.1
Stored Specifications IOCFR72.236(a)

2.2 Design Criteria for 2.111.2.b External
Environmental Conditions, 1OCFR72.122(b) 2.2
Conditions and 2.III.3.b Structural, IOCFR72.122(c) 2.2.3.3, 2.2.3.10
Natural Phenomena 2.111.3.c Thermal

I OCFR72.122(b)
(1) 2.2
1 OCFR72.122(b)
(2) 2.2.3.11
1 OCFR72.122(h)
(1) 2.0

2.2.1 Tornado and 2.111.2.b External Conditions 1OCFR72.122(b) 2.2.3.5
Wind (2)
Loading

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM 100 FSAR
REPORT HI-2002444 1.0-10

Rev. 5

HI-STORM 100 Rev. 5 - 6/21/07



Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM
Section and Content 1536 Review Criteria or 10CFR20 FSAR

Requirement

2.2.2 Water Level 2.III.2.b External Conditions 1OCFR72.122(b) 2.2.3.6
(Flood) (2)

2.111.3.b Structural
2.2.3 Seismic 2.111.3.b Structural 10CFR72.102(f) 2.2.3.7

1 0CFR72.122(b)
(2)

2.2.4 Snow and Ice 2.111.2.b External Conditions I OCFR72.122(b) 2.2.1.6

2.Il1.3.b Structural
2.2.5 Combined 2.111.3.b Structural IOCFR72.24(d) 2.2.7

Load *1 0CFR72.122(b)
(2)(ii)

NA 2.111.1 Structures, Systems, 10CFR72.122(a) 2.2.4
and Components 10CFR72.24(c)(3)
Important to Safety

NA 2.1II.2 Design Criteria for 10CFR72.236(g) 2.0, 2.2
Safety Protection IOCFR72.24(c)(1)
Systems 10CFR72.24(c)(2)

I 0CFR72.24(c)(4)
I OCFR72.120(a)
1OCFR72.236(b)

NA 2.111.3.c Thermal 10CFR72.128(a) 2.3.2.2, 4.0
(4)

NA 2.111.3f Operating IOCFR72.24(f) 10.0, 8.0
Procedures 1OCFR72.128(a)

(5)
1OCFR72.236(h) 8.0

1OCFR72.24(1)(2) 1.2.1, 1.2.2

IOCFR72.236(1) 2.3.2.1

1OCFR72.24(e) 10.0, 8.0
1 OCFR72.104(b)

2.111.3.g Acceptance 1OCFR72.122(1) 9.0
Tests & 1OCFR72.236(g)
Maintenance 1OCFR72.122(f)

IOCFR72.128(a)
(1)

2.3 Safety Protection .... 2.3
Systems
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable

Regulatory Guide 3.61 Associated NUREG- 1OCFR72 HI-STORM
Section and Content 1536 Review Criteria or 10CFR20 FSAR

Requirement
2.3.1 General -- -- 2.3
2.3.2 Protection by 2.I1I.3.b Structural IOCFR72.236(1) 2.3.2.1

Multiple 2.I1I.3.c Thermal 10CFR72.236(f) 2.3.2.2
Confinement
Barriers and 2.111.3.d Shielding/ 1OCFR72.126(a) 2.3.5.2
Systems Confinement/ 1OCFR72.128(a)

Radiation (2)
Protection 1OCFR72.128(a) 2.3.2.1

IOCFR72.236(d) 2.3.2.1, 2.3.5.2

IOCFR72.236(e) 2.3.2.1
2.3.3 Protection by 2.1II.3.d Shielding/ IOCFR72.122(h) 2.3.5

Equipment & Confinement/ (4)
Instrument Radiation 1 OCFR72.122(i)
Selection Protection 1OCFR72.128(a)

(1)

2.3.4 Nuclear 2.1II.3.e Criticality
Criticality 1OCFR72.124(a) 2.3.4, 6.0
Safety IOCFR72.236(c)

IOCFR72.124(b)
2.3.5 Radiological 2.111.3.d Shielding/ 1OCFR72.24(d) 10.4.1

Protection Confinement/ I OCFR72.104(a)
Radiation IOCFR72.236(d)
Protection 1OCFR72.24(d) 10.4.2

1 OCFR72.106(b)
1OCFR72.236(d)
IOCFR72.24(m) 2.3.2.1

2.3.6 Fire and 2.111.3.b Structural IOCFR72.122(c) 2.3.6, 2.2.3.10
Explosion
Protection

2.4 Decommissioning 2.1II.3.h Decommissioning I OCFR72.24(f) 2.4
Considerations 1OCFR72.130

I OCFR72.236(h)
14111.1 Design 10CFR72.130 2.4
14.111.2 Cask IOCFR72.236(i) 2.4

Decontamination I
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM
Section and Content 1536 Review Criteria or 10CFR20 FSAR

Requirement
14.I11.3 Financial IOCFR72.30 ()

Assurance &
Record Keeping

14.111.4 License 1OCFR72.54 (1)

Termination
3. Structural Evaluation

3.1 Structural Design 3.111.1 SSC Important to 1OCFR72.24(c)(3) 3.1
Safety 1OCFR72.24(c)(4)

3.111.6 Concrete Structures IOCFR72.24(c) 3.1

3.2 Weights and Centers 3.V.1.b.2 Structural 3.2
of Gravity Design Features

3.3 Mechanical 3.V. 1.c Structural Materials 1OCFR72.24(c)(3) 3.3
Properties of 3.V.2.c Structural Materials
Materials

NA 3.II1.2 Radiation IOCFR72.24(d) 3.4.4.3
Shielding, IOCFR72.124(a) 3.4.7.3
Confinement, and IOCFR72.236(c) 3.4.10
Subcriticality 1OCFR72.236(d)

IOCFR72.236(1) '
NA 3.111.3 Ready Retrieval 1OCFR72.122(f) 3.4.4.3

1OCFR72.122(h)
IOCFR72.122(1)

NA 3.111.4 Design-Basis IOCFR72.24(c) 3.4.7
Earthquake I OCFR72.102(f)

NA 3.III.5 20 Year Minimum 10CFR72.24(c) 3.4.11
Design Length 1OCFR72.236(g) 3.4.12

3.4 General Standards for .... 3.4
Casks
3.4.1 Chemical and 3.V. 1.b.2 Structural -- 3.4.1

Galvanic Design Features
Reactions

3.4.2 Positive .... 3.4.2
Closure

3.4.3 Lifting 3.V. 1.ii(4)(a) Trunnions -- 3.4.3
Devices --
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM
Section and Content 1536 Review Criteria or 10CFR20 FSAR

Requirement
3.4.4 Heat 3.V. 1.d Structural Analysis 1OCFR72.24(d) .3.4.4

1 OCFR72.122(b)

3.4.5 Cold 3.V.l.d Structural Analysis IOCFR72.24(d) 3.4.5
1 OCFR72.122(b)

3.5 Fuel Rods -- 1OCFR72.122(h) 3.5

(1)
4. Thermal Evaluation

4.1 Discussion 4.111 Regulatory IOCFR72.24(c)(3) 4.1
Requirements I OCFR72.128(a)

(4)
1OCFR72.236(f)
1OCFR72.236(h)

4.2 Summary of Thermal 4.V.4.b Material Properties 4.2
Properties of
Materials

4.3 Specifications for 4.3V Acceptance Criteria IOCFR72.122(h) 4.3
Components ISG-I 1, Revision 3 (1)

4.4 Thermal Evaluation 4.IV Acceptance Criteria 1OCFR72.24(d) 4.4, 4.5
for Normal ISG-1 1, Revision 3 1OCFR72.236(g)
Conditions of Storage

NA 4.IV Acceptance Criteria IOCFR72.24(d) 11.1, 11.2
1 OCFR72.122(c)

4.5 Supplemental Data 4.V.6 Supplemental Info. -- --

5. Shielding Evaluation
5.1 Discussion and -- 1OCFR72.104(a) 5.1

Results 1 OCFR72. 106(b)

5.2 Source Specification 5.V.2 Radiation Source 5.2
Definition

5.2.1 Gamma 5.V.2.a Gamma Source 5.2.1, 5.2.3
Source
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 1OCFR72 HI-STORM
Section and Content 1536 Review Criteria or 10CFR20 FSAR

Requirement
5.2.2 Neutron 5.V.2.b Neutron Source -- 5.2.2, 5.2.3

Source

5.3 Model Specification 5.V.3 Shielding Model 5.3
Specification

5.3.1 Description 5.V.3.a Configuration of the IOCFR72.24(c)(3) 5.3.1
of the Radial Shielding and Source
and Axial
Shielding
Configura-
tions

5.3.2 Shield 5.V.3.b Material Properties IOCFR72.24(c)(3) 5.3.2
Regional
Densities

5.4 Shielding Evaluation 5.V.4 Shielding Analysis IOCFR72.24(d) 5.4
1 OCFR72.104(a)
1 OCFR72.106(b)
IOCFR72.128(a)
(2)
IOCFR72.236(d)

5.5 Supplemental Data 5.V.5 Supplemental Info. -- Appendices 5.A,
5.3B, and 5.C

6. Criticality Evaluation
6.1 Discussion and -- 6.1

Results
6.2 Spent Fuel Loading 6.V.2 Fuel Specification -- 6.1, 6.2

6.3 Model Specifications 6.V.3 Model -- 6.3
Specification

6.3.1 Description 6.V.3.a Configuration -- 6.3.1
of Calcula- 1 OCFR72.124(b)
tional Model IOCFR72.24(c)(3)
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM
Section and Content 1536 Review Criteria or 10CFR20 FSAR

Requirement
6.3.2 Cask 6.V.3.b Material Properties IOCFR72.24(c)(3) 6.3.2

Regional 10CFR72.124(b)
IOCFR72.236(g)

Densities
6.4 Criticality 6.V.4 Criticality Analysis 10CFR72.124 6.4

Calculations
6.4.1 Calculational 6.V.4.a Computer Programs IOCFR72.124 6.4.1

or and
Experimental 6.V.4.b Multiplication Factor
Method

6.4.2 Fuel Loading 6.V.3.a Configuration 6.4.2, 6.3.3
or Other
Contents
Loading
Optimization

6.4.3 Criticality 6.IV Acceptance Criteria 1OCFR72.24(d) 6.1, 6.2, 6.3.1,
Results 1OCFR72.124 6.3.2

1OCFR72.236(c)

6.5 Critical Benchmark 6.V.4.c Benchmark -- 6.5,
Experiments Comparisons Appendix 6.A,

6.4.3

6.6 Supplemental Data 6.V.5 Supplemental Info. -- Appendices
6.B,6.C, and 6.D

7. Confinement
7.1 Confinement 7.111.1 Description of IOCFR72.24(c)(3) 7.0, 7.1

Boundary Structures, Systems IOCFR72.24(1)
and Components
Important to Safety

ISG-18
7.1.1 Confinement 7.1II.2 Protection of Spent IOCFR72.122(h) 7.1, 7.1.1

Vessel Fuel Cladding (1)
7.1.2 Confinement -- 7.1.2

Penetrations
7.1.3 Seals and 7.1.3

Welds
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 1OCFR72 HI-STORM
Section and Content 1536 Review Criteria or 10CFR20 FSAR

Requirement
7.1.4 Closure 7.111.3 Redundant Sealing 1OCFR72.236(e) 7.1.1, 7.1.4

7.2 Requirements for 7.1I1.7 Evaluation of IOCFR72.24(d) 7.1
Normal Conditions of Confinement System IOCFR72.236(1)
Storage ISG-18
7.2.1 Release of 7.111.6 Release of Nuclides 1OCFR72.24(1)(1) 7. 1

Radioactive to the Environment
Material 7.111.4 Monitoring of IOCFR72.122(h) 7.1.4

Confinement System (4)
1OCFR72.128(a)
(1)

7.111.5 Instrumentation 1 OCFR72.24(l) 7.1.4
1 OCFR72.122(i)

7.111.8 Annual Dose 1OCFR72.104(a) 7.1
ISG-18

7.2.2 Pressurization 7.1
of
Confinement
Vessel

7.3 Confinement 7.111.7 Evaluation of 1OCFR72.24(d) 7.1
Requirements for Confinement System 1OCFR72.122(b)
Hypothetical ISG-18 10CFR72.236(l)
Accident Conditions
7.3.1 Fission Gas -- 7.1

Products
7.3.2 Release of ISG-18 7.1

Contents
NA 1OCFR72.106(b) 7.1

7.4 Supplemental Data 7.V Supplemental Info. --

8. Operating Procedures
8.1 Procedures for 8.11.1 Develop Operating 1OCFR72.40(a)(5) 8.1 to 8.5

Loading the Cask Procedures
8.111.2 Operational 1OCFR72.24(e) 8.1.5

Restrictions for IOCFR72.104(b)
ALARA

8.111.3 Radioactive Effluent 1OCFR72.24(1)(2) 8.1.5, 8.5.2
Control
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM
Section and Content 1536 Review Criteria or 10CFR20 FSAR

Requirement
8.111.4 Written Procedures 1 OCFR72.212(b) 8.0(9)
8.111.5 Establish Written IOCFR72.234(f) 8.0

Procedures and Tests Introduction
8.111.6 Wet or Dry Loading 10CFR72.236(h) 8.0

and Unloading Introduction
Compatibility

8.111.7 Cask Design to 1OCFR72.236(i) 8.1, 8.3
Facilitate Decon

8.2 Procedures for 8.111.1 Develop Operating 1OCFR72.40(a)(5) 8.3
Unloading the Cask Procedures

8.111.2 Operational IOCFR72.24(e) 8.3
Restrictions for IOCFR72.104(b)
ALARA

8.I11.3 Radioactive IOCFR72.24(1)(2) 8.3.3
Effluent Control

8.111.4 Written Procedures IOCFR72.212(b) 8.0
(9)

8.1II.5 Establish Written 1OCFR72.234(f) 8.0
Procedures and Tests

8.111.6 Wet or Dry Loading 10CFR72.236(h) 8.0
and Unloading
Compatibility

8.111.8 Ready Retrieval 10CFR72.122(l) 8.3
8.3 Preparation of the .... 8.3.2

Cask
8.4 Supplemental Data Tables 8.1.1 to

8.1.10
NA 8.111.9 Design to Minimize IOCFR72.24(f) 8.1, 8.3

Radwaste I OCFR72.128(a)
(5)

8.111.10 SSCs Permit IOCFR72.122(f) Table 8.1.6
Inspection,
Maintenance, and
Testing

9. Acceptance Criteria and Maintenance Program
9.1 Acceptance Criteria 9.II. 1 .a Preoperational I OCFR72.24(p) 8.1,9.1

Testing & Initial
Operations
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 1OCFR72 HI-STORM
Section and Content 1536 Review Criteria or 10CFR20 FSAR

Requirement
9.III. 1.c SSCs Tested and IOCFR72.24(c) 9.1

Maintained to IOCFR72.122(a)
Appropriate Quality
Standards

9.111. ld Test Program 10CFR72.162 9.1
9.111. L.e Appropriate Tests IOCFR72.236(1) 9.1
9.III.1.f Inspection for 10CFR72.236(j) 9.1

Cracks, Pinholes,
Voids and Defects

9.111.1 .g Provisions that 1OCFR72.232(b) 9.1(2)

Permit Commission
Tests

9.2 Maintenance 9.111. 1.bMaintenance 10CFR72.236(g) 9.2
Program 9.11I.1.cSSCs Tested and 10CFR72.122(f) 9.2

Maintained to IOCFR72.128(a)
Appropriate Quality (1)
Standards

9.1If.1.hRecords of 1OCFR72.212(b) 9.2
Maintenance (8)

NA 9.I11.2 Resolution of Issues IOCFR72.24(i) (3)

Cbnceming
Adequacy of
Reliability

9.111.1.d Submit Pre-Op Test 10CFR72.82(e) (4)

Results to NRC
9.111.1.i Casks 10CFR72.236(k) 9.1.7, 9.1.1.(12)

Conspicuously and
Durably Marked

9.111.3 Cask Identification
10. Radiation Protection

10.1 Ensuring that 10.111.4 ALARA 1OCFR20.1101 10.1
Occupational 1OCFR72.24(e)
Exposures are as Low 10CFR72.104(b)
as Reasonably I OCFR72.126(a)
Achievable
(ALARA)

10.2 Radiation Protection 10.V. .b Design Features 10CFR72.126(a)( 10.2
Design Features 1 6)
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM
Section and Content 1536 Review Criteria or 10CFR20 FSAR

Requirement
10.3 Estimated Onsite 10.I1.2 Occupational 1OCFR20.1201 10.3

Collective Dose Exposures 10CFR20.1207
Assessment 10CFR20.1208

10CFR20.1301

N/A 10.I1i.3 Public Exposure 1OCFR72.104 10.4
1 OCFR72.106

10.111.1 Effluents and Direct 1OCFR72.104
Radiation

11. Accident Analyses
11.1 Off-Normal Operations 11.III.2 Meet Dose Limits IOCFR72.24(d) 11.1

for Anticipated 1 OCFR72.104(a)
Events 1OCFR72.236(d)

11.111.4 Maintain 10CFR72.124(a) 11.1
Subcritical IOCFR72.236(c)
Condition

11.111.7 Instrumentation and 1OCFR72.122(i) 11.1
Control for Off-
Normal Condition

11.2 Accidents 11.111.1 SSCs Important to IOCFR72.24(d)(2) 11.2
Safety Designed for 1 OCFR72.122b(2)
Accidents 1OCFR72.122b(3)

1 OCFR72.122(d)
1OCFR72.122(g)

11 .111.5 Maintain iOCFR72.236(1) 11.2
Confinement for
Accident

11.111.4 Maintain IOCFR72.124(a) 11.2, 6.0
Subcritical 1OCFR72.236(c)
Condition

11.111.3 Meet Dose Limits 1 OCFR72.24(d)(2) 11.2, 5.1.2, 7.3
for Accidents IOCFR72.24(m)

10CFR72.106(b)
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Table 1.0.2 (continued)

, HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM
Section and Content 1536 Review Criteria or 10CFR20 FSAR

Requirement
11 .111.6 Retrieval I OCFR72.122(1) 8.3
11.I11.7 Instrumentation and 10CFR72.122(i) (5)

Control for Accident
Conditions

NA 11.1I1.8 Confinement 10CFR72.122h(4) 7.1.4
Monitoring

12. Operating Controls and Limits
12.1 Proposed Operating -- 1OCFR72.44(c) 12.0

Controls and Limits 12.III.1.e Administrative IOCFR72.44(c)(5) 12.0
Controls

12.2 Development of 12.111.1 General 1OCFR72.24(g) 12.0
Operating Controls Requirement for 10CFR72.26
and Limits Technical IOCFR72.44(c)

Specifications I OCFR72 Subpart E
1 OCFR72 Subpart F

12.2.1 Functional 12.11I.l.a Functional! 10CFR72.44(c)(1) Appendix 12.A
and Operating Units,
Operating Monitoring
Limits, Instruments and
Monitoring Limiting Controls
Instruments,
and Limiting
Control
Settings

12.2.2 Limiting 12.1I1.l.b Limiting Controls 10CFR72.44(c)(2) Appendix 12.A
Conditions 12.1II1.2.a Type of Spent Fuel 10CFR72.236(a) Appendix 12.A
for 12.111.2.b Enrichment
Operation 12.1II1.2.c Burnup

12.1II.2.d Minimum
Acceptance
Cooling Time

12.111.2.f Maximum Spent
Fuel Loading Limit

12.111.2g Weights and
Dimensions

12.111.2.h Condition of
Spent Fuel

12.111.2e Maximum Heat 10CFR72.236(a) Appendix 12.A
Dissipation
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Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Applicable
Regulatory Guide 3.61 Associated NUREG- 10CFR72 HI-STORM
Section and Content 1536 Review Criteria or 1OCFR20 FSAR

Requirement
12.111.2.i Inerting IOCFR72.236(a) Appendix 12.A

Atmosphere
Requirements

12.2.3 Surveillance 12.111.l.c Surveillance I0CFR72.44(c)(3) Chapter 12
Specifications Requirements

12.2.4 Design 12.III. 1.d Design Features IOCFR72.44(c)(4) Chapter 12
Features

12.2.4 Suggested .... Appendix 12.A
Format for
Operating
Controls and
Limits

NA 12.111.2 SCC Design Bases 1OCFR72.236(b) 2.0
and Criteria

NA 12.111.2 Criticality Control 1OCFR72.236(c) 2.3.4, 6.0
NA 12.111.2 Shielding and 1OCFR20 2.3.5, 7.0, 5.0,

Confinement 1OCFR72.236(d) 10.0
NA 12.111.2 Redundant Sealing 10CFR72.236(e) 7.1, 2.3.2
NA 12.111.2 Passive Heat IOCFR72.236(f) 2.3.2.2, 4.0

Removal
NA 12.111.2 20 Year Storage and 1OCFR72.236(g) 1.2.1.5, 9.0,

Maintenance 3.4.10, 3.4.11
NA 12.111.2 Decontamination IOCFR72.236(i) 8.0, 10.1

NA 12.111.2 Wet or Dry Loading 1OCFR72.236(h) 8.0
NA 12.1II1.2 Confinement IOCFR72.236(j) 9.0

Effectiveness
NA 12.111.2 Evaluation for 1OCFR72.236(l) 7.1, 7.2, 9.0

Confinement
13. Quality Assurance

13.1 Quality Assurance 13.111 Regulatory I OCFR72.24(n) 13.0
Requirements 1 OCFR72.140(d)

13.IV Acceptance Criteria 1OCFR72, Subpart
G

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM 100 FSAR
REPORT HI-2002444 1.0-22

Rev. 5

HI-STORM 100 Rev. 5 - 6/21/07



Table 1.0.2 (continued)

HI-STORM 100 SYSTEM FSAR REGULATORY COMPLIANCE
CROSS REFERENCE MATRIX

Notes:

(1) The stated requirement is the responsibility of the licensee (i.e., utility) as part of
the ISFSI pad and is therefore not addressed. in this application.

(2) It is assumed that approval of the FSAR by the NRC is the basis for the Commission's acceptance

of the tests defined in Chapter 9.

(3) Not applicable to HI-STORM 100 System. The functional adequacy of all important to safety
components is demonstrated by analyses.

(4) The stated requirement is the responsibility of licensee (i.e., utility) as part of the ISFSI and is
therefore not addressed in this application.

(5•) The stated requirement is not applicable to the HI-STORM 100 System. No monitoring is
required for accident conditions.

"-" There is no corresponding NUREG-1536 criteria, no applicable lOCFR72 or IOCFR20 regulatory
requirement, or the item is not addressed in the FSAR.

"NA" There is no Regulatory Guide 3.61 section that corresponds to the NUREG-1536, IOCFR72, or
IOCFR20 requirement being addressed.
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Table 1.0.3

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

Alternate Method to Meet
NUREG-1536 Requirement . NUREG-1536 Intent Justification

2.V.2.(b)(1) "The NRC accepts as the Exception: Section 2.2.1.4 for The 80'F temperature set forth in Table 2.2.2 is
maximum and minimum "normal" environmental temperatures utilizes greater than the annual average ambient temperature
temperatures the highest and lowest ambient an upper bounding value of 80°F on at any location in the continental United States.
temperatures recorded in each year, averaged the annual average ambient Inasmuch as the primary effect of the environmental
over the years of record." temperatures for the United States. temperature is on the computed fuel cladding

temperature to establish long-term fuel cladding
integrity, the annual average ambient temperature for
each ISFSI site should be below 80'F. The large
thermal inertia of the HI-STORM 100 System ensures
that the daily fluctuations in temperatures do not
affect the temperatures of the system. Additionally,
the 80'F ambient temperature is combined with
insolation in accordance with 10CFR71.71 averaged
over 24 hours.

2.V.2.(b)(3)(f) "1OCFR Part 72 identifies Clarification: A site-specific safety In accordance with NUREG-1536, 2.V.(b)(3)(f), if
several other natural phenomena events analysis of the effects of seiche, seiche, tsunami, and hurricane are not addressed in
(including seiche, tsunami, and hurricane) tsunami, and hurricane on the HI- the SAR and they prove to be applicable to the site, a
that should be addressed for spent fuel STORM 100 System must be safety analysis is required prior to approval for use of
storage." performed prior to use if these the DCSS under either a site specific, or general

events are applicable to the site. license.
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Table 1.0.3 (continued)

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

NUREG-1536 Requirement Alternate Method to Meet Justification
NUREG-1536__Requirement _NUREG-1536 Intent

3.V. .d.i.(2)(a), page 3-11, "Drops with the Clarification: As stated in NUREG- In Chapter 3, the MPC and HI-STORM overpack are
axis generally vertical should be analyzed for 1536, 3.V.(d), page 3-11, evaluated under a 45g radial loading. A 45g axial
both the conditions of a flush impact and an "Generally, applicants establish the loading on the MPC is bounded by the analysis
initial impact at a comer of the cask..." design basis in terms of the presented in the HI-STAR FSAR, Docket 72-1008,

maximum height to which the cask under a 60g loading, and is not repeated in this FSAR.
is lifted outside the spent fuel In Chapter 3, the HI-STORM overpack is evaluated
building, or the maximum under a 45g axial loading. Therefore, the HI-STORM
deceleration that the cask could overpack and MPC are qualified for a 45g loading as
experience in a drop." The a result of a comer drop. Depending on the design of
maximum deceleration for a comer the lifting device, the type of rigging used, the
drop is specified as 45g's for the HI- administrative vertical carry height limit, and the
STORM overpack. No carry height stiffness of the impacted surface, site-specific
limit is specified for the comer drop. analyses may be required to demonstrate that the

deceleration limit of 45g's is not exceeded.
3.V.2.b.i.(l), Page 3-19, Para. 1, "All Exception: The HI-STORM Concrete is provided in the HI-STORM overpack
concrete used in storage cask system ISFSIs, overpack concrete is not reinforced, primarily for the purpose of radiation shielding during
and subject to NRC review, should be However, ACI 349 [1.0.4] is used as normal operations. During lifting and handling
reinforced..." guidance for the material selection operations and under certain accident conditions, the

and specification, and placement of compressive strength of the concrete (which is not
3.V.2.b.i.(2)(b), Page 3-20, Para. 1, "The the plain concrete. Appendix 1.D impaired by the absence of reinforcement) is utilized.
NRC accepts the use of ACI 349 for the provides the relevant sections of However, since the structural reliance under loadings
design, material selection and specification, ACI 349 applicable to the plain which produce section flexure and tension is entirely
and construction of all reinforced concrete concrete in the overpack, including on the steel structure of the overpack, reinforcement
structures that are not addressed within the clarifications on implementation of in the concrete will serve no useful purpose.
scope of ACI 359". this code. ACI 318-95 [1.0.5] is used

for the calculation of the To ensure the quality of the shielding concrete, all
3.V.2.c.i, Page 3-22, Para. 3, "Materials and compressive strength of the plain relevant provisions of ACI 349 are imposed as
material properties used for the design and concrete. clarified in Appendix 1.D. The temperature limits for
construction of reinforced concrete structures normal conditions are per Paragraph A.4.3 of
important to safety but not within the scope Appendix A to ACI 349 and temperature limits for
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Table .1.0.3 (continued)

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

NUREG-1536 Requirement Alternate Method to Meet Justification
NUREG-1536 Intent

of ACI 359 should comply with the off-normal and accident conditions are per Paragraph
requirements of ACI 349". A.4.2 of Appendix A to ACI 349.

Finally, the Fort St. Vrain ISFSI (Docket No. 72-9)
also utilized plain concrete for shielding purposes,
which is important to safety.

3.V.3.b.i.(2), Page 3-29, Para. 1, "The NRC Clarification: The HI-STORM The overpack structure is a steel weldment consisting
accepts the use of ANSL/ANS-57.9 (together overpack steel structure is designed of "plate and shell type" members. As such, it is
with the codes and standards cited therein) as in accordance with the ASME appropriate to design the structure toSection II1,
the basic reference for ISFSI structures B&PV Code, Section III, Subsection Class 3 of Subsection NF. The very same approach
important to safety that are not designed in NF, Class 3. Any exceptions to the has been used in the structural evaluation of the
accordance with Section III of the ASME Code are listed in Table 2.2.15. "intermediate shells" in the HI-STAR 100 overpack
B&PV Code." (Docket Number 72-1008) previously reviewed and

approved by the USNRC.

4.IV.5, Page 4-2 "for each fuel type proposed for Clarification: As described in As described in Section 4.3, all fuel array types
storage, the DCSS should ensure a very low Section 4.3, all fuel array types authorized for storage have been evaluated for the
probability (e.g., 0.5 percent per fuel rod) of authorized for storage are assigned a peak normal fuel cladding temperature limit of 400'C.
cladding breach during long-term storage." single peak fuel cladding

4.IV. 1, Page 4-3, Para. 1 "the staff should verify' temperature limit.

that cladding temperatures for each fuel type
proposed for storage will be below the expected
damage thresholds for normal conditions of
storage."

4.IV. 1, Page 4-3, Para. 2 "fuel cladding limits for
each fuel type should be defined in the SAR with
thermal restrictions in the DCSS technical
specifications."

4.V. 1, Page 4-3, Para. 4 "the applicant should
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Table 1.0.3 (continued)

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

NUREG-1536 Requirement Alternate Method to Meet Justification
NUREG-1536________Requirement________NUREG-1536 Intent Justification

verify that these cladding temperature limits are
appropriate for all fuel types proposed for storage,
and that the fuel cladding temperatures will
remain below the limit for facility operations
(e.g., fuel transfer) and the worst-case credible
accident."

4.V.4.a, Page 4-6, Para. 6 "the basket wall Clarification: As discussed in The finite-element based thermal conductivity is
temperature of the hottest assembly can then Subsection 4.4.2, conservative greater than a Wooten-Epstein based value. This
be used to determine the-peak rod maximum fuel temperatures are larger thermal conductivity minimizes the fuel-to-
temperature of the hottest assembly using the obtained directly from the cask basket temperature difference. Since the basket
Wooten-Epstein correlation." thermal analysis. The peak fuel temperature is less than the fuel temperature,

cladding temperatures are then used minimizing the temperature difference conservatively
to determine the corresponding peak maximizes the basket wall temperature.
basket wall temperatures using a
finite-element based update of
Wooten-Epstein (described in
Subsection 4.4.1.1.2)

4.V.4.b, Page 4-7, Para. 2 "high burnup Exception: All calculations of fuel Within Subsection 4.4.1.1.2, the calculated effective
effects should also be considered in assembly effective thermal thermal conductivities based on nominal design fuel
determining the fuel region effective thermal conductivities, described in dimensions are compared with available literature
conductivity." Subsection 4.4.1.1.2, use nominal values and are demonstrated to be conservative by a

fuel design dimensions, neglecting substantial margin.
wall thinning associated with high
bumup.

4.V.4.c, Page 4-7, Para. 5 "a heat balance on Clarification: No additional heat The FLUENT computational fluid dynamics program
the surface of the cask should be given and balance is performed or provided, used to perform evaluations of the HI-STORM
the results presented." Overpack and HI-TRAC transfer cask, which uses a
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Table 1.0.3 (continued)

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

NUREG-1536 Requirement Alternate Method to Meet Justification
NUREG-1536________Requirement________NUREG-1536 Intent Justification

discretized numerical solution algorithm, enforces an
energy balance on all discretized volumes throughout
the computational domain. This solution method,
therefore, ensures a heat balance at the surface of the
cask.

4.V.5.a, Page 4-8, Para. 2 "the SAR should Exception: No input or output file A complete set of computer program input and output files
include input and output file listings for the listings are provided in Chapter 4. would be in excess of three hundred pages. All computer
thermal evaluations." files are considered proprietary because they provide

details of the design and analysis methods. In order to
minimize the amount of proprietary information in the
FSAR, computer files are provided in the proprietary
calculation packages.

4.V.5.c, Page 4-10, Para. 3 "free volume Exception: All free volume Calculating the volume occupied by the fuel assemblies
calculations should account for thermal calculations use nominal using maximum weights and minimum densities
expansion of the cask internal components confinement boundary dimensions, conservatively overpredicts the volume occupied by the
and the fuel when subjected to accident but the volume occupied by the fuel fuel and correspondingly underpredicts the remaining free

temperatures. assemblies is calculated using volume.

maximum weights and minimum
densities.
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Table 1.0.3 (continued)

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

NUREG-1536 Requirement Alternate Method to Meet Justification
NUREG-1536________Requirement________NUREG-1536 Intent

7.V.4 "Confinement Analysis. Review the Exception: No confinement analysis is The MPC uses redundant closures to assure that there is no
applicant's confinement analysis and the performed and no effluent dose at the release of radioactive materials under all credible
resulting annual dose at the controlled area controlled area boundary is calculated, conditions. Analyses presented in Chapters 3 and 11
boundary." demonstrate that the confinement boundary does not

degrade under all normal, off-normal, and accident
conditions. Multiple inspection methods are used to verify
the integrity of the confinement boundary (e.g.,non-
destructive examinations and pressure testing).

Pursuant to ISG-18, the Holtec MPC is constructed in a
manner that supports leakage from the confinement
boundary being non-credible. Therefore, no confinement
analysis is required.

9.V. 1.a, Page 9-4, Para. 4 "Acceptance Clarification: Section 9.1.1.1 and the In accordance with the first line on page 9-4, the NRC
criteria should be defined in accordance with Design Drawings specify that the endorses the use of "...appropriate acceptance criteria
NB/NC-5330, "Ultrasonic Acceptance ASME Code, Section III, Subsection as defined by either the ASME code, or an alternative
Standards"." NB, Article NB-5332 will be used approach..." The ASME Code, Section III, Subsection

for the acceptance criteria for the NB, Paragraph NB-5332 is appropriate acceptance
volumetric examination of the MPC criteria for pre-service examination.
lid-to-shell weld. ,
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Table 1.0.3 (continued)

HI-STORM 100 SYSTEM FSAR CLARIFICATIONS AND EXCEPTIONS TO NUREG-1536

NUREG-1536 Requirement Alternate Method to Meet Justification
NUREG-1536________Requirement________NUREG-1536 Intent

9.V. 1.d, Para. 1 "Tests of the effectiveness of Exception: Subsection 9.1.5 The dimensional compliance of all shielding cavities is
both the gamma and neutron shielding may describes the control of special verified by inspection to design drawing requirements prior
be required if, for example, the cask contains processes, such as neutron shield to shield installation.
a poured lead shield or a special neutron material installation, to be performed The Holtite-A shield material is installed in accordance
absorbing material." in lieu of scanning or probing with with written, approved, and qualified special process

neutron sources. procedures.

The composition of the Holtite-A is confirmed by
inspection and tests prior to first use.

Following the first loading for the HI-TRAC transfer cask
and each HI-STORM overpack, a shield effectiveness test
is performed in accordance with written approved
procedures, as specified in Section 9.1.

13.111, "the application must include, at a Exception: Section 13.0 incorporates The NRC has approved Revision 13 of the Holtec
minimum, a description that satisfies the the NRC-approved Holtec Quality Assurance Program Manual under 10 CFR 71
requirements of 10 CFR Part 72, Subpart G, International Quality Assurance (NRC QA Program Approval for Radioactive
'Quality Assurance'..." Program Manual by reference rather Material Packages No. 0784, Rev. 3). Pursuant to 10

than describing the Holtec QA CFR 72.140(d), Holtec will apply this QA program to
program in detail. all.important-to-safety dry storage cask activities.

Incorporating the Holtec QA Program Manual by
reference eliminates duplicate documentation.
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1.1 INTRODUCTION

HI-STORM 100 (acronym for Holtec International Storage and Transfer Operation Reinforced
Module) is a spent nuclear fuel storage system designed to be in full compliance with the
requirements of I OCFR72. The annex "100" is a model number designation which denotes a system
weighing over 100 tons. The HI-STORM 100 System consists of a sealed metallic canister, herein
abbreviated as the "MPC", contained within an overpack. Its design features are intended to simplify
and reduce on-site SNF loading, handling, and monitoring operations, and to provide for radiological
protection and maintenance of structural and thermal safety margins.

The HI-STORM IOOS and HI-STORM IOOS Version B overpack designs are variants of the HI-
STORM 100 overpack design and have their own drawings in Section 1.5. The "S" suffix indicates
an enhanced overpack design, as described later in this section. "Version B" indicates an enhanced
HI-STORM IOOS overpack design. The HI-STORM IOOS and IOOS Version B accept the same
MPCs and fuel types as the HI-STORM 100 overpack and the basic structural, shielding, and
thermal-hydraulic characteristics remain unchanged. Hereafter in this FSAR reference to HI-
STORM 100 System or the HI-STORM overpack is construed to apply to the HI-STORM 100, the
HI-STORM IOOS, and the HI-STORM IOOS Version B. Where necessary, the text distinguishes
among the three overpack designs. See Figures 1.1.1A and 1.1.3A for pictorial views of the HI-
STORM 100S overpack design. See Figures 1.1. 1B and 1.1.3B for pictorial views of the HI-STORM
IOOS Version B design.

The HI-STORM IOOA overpack is a variant of two of the three HI-STORM 100 System overpack
designs and is specially outfitted with an extended baseplate and gussets to enable the overpack to be
anchored to the ISFSI pad in high seismic applications. In the following, the modified structure of
the HI-STORM 1 OOA, in each of four quadrants, is denoted as a "sector lug." The HI-STORM 1 O0A
anchor design is applicable to the HI-STORM IOOS overpack design, in which case the assembly
would be named HI-STORM IOOSA. The HI-STORM 100A anchor design is not applicable to the
HI-STORM IOOS Version B overpack design. Therefore, the HI-STORM IOOS Version B overpack
cannot be deployed in the anchored configuration at this time. Hereafter in the text, discussion of HI-
STORM 1 OOA applies to both the standard (HI-STORM 1 OOA) and HI-STORM 1 OSA overpacks,
unless otherwise clarified.

The HI-STORM 100 System is designed to accommodate a wide variety of spent nuclear fuel
assemblies in a single basic overpack design by utilizing different MPCs. The external dimensions of
all MPCs are identical to allow the use of a single overpack. Each of the MPCs has different
internals (baskets) to accommodate distinct fuel characteristics. Each MPC is identified by the
maximum quantity of fuel assemblies it is capable of receiving. The MPC-24, MPC-24E, and MPC-
24EF contain a maximum of 24 PWR fuel assemblies; the MPC-32 and MPC-32F contain a
maximum of 32 PWR fuel assemblies; and the MPC-68, MPC-68F, and MPC-68FF contain a
maximum of 68 BWR fuel assemblies.

The HI-STORM overpack is constructed from a combination of steel and concrete, both of which are
materials with long, proven histories of usage in nuclear applications. The HI-STORM overpack
incorporates and combines many desirable features of previously-approved concrete and metal
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module designs. In essence, the HI-STORM overpack is a hybrid of metal and concrete systems,
with the design objective of emulating the best features and dispensing with the drawbacks of both.
The HI-STORM overpack is best referred to as a METCONTM (metal/concrete composite) system.

Figures 1.1.1, I.I.IA, and 1.1.1B show the HI-STORM 100 System with two of its major
constituents, the MPC and the storage overpack, in a cut-away view. The MPC, shown partially
withdrawn from the storage overpack, is an integrally welded pressure vessel designed to meet the
stress limits of the ASME Boiler and Pressure Vessel Code, Section III, Subsection NB [1.1.1]. The
MPC defines the confinement boundary for the stored spent nuclear fuel assemblies with respect to
lOCFR72 requirements and attendant review considerations. The HI-STORM storage overpack
provides mechanical protection, cooling, and radiological shielding for the contained MPC.

In essence, the HI-STORM 100 System is the storage-only counterpart of the HI-STAR 100 System
(Docket Numbers 72-1008 (Ref. [1.1.2]) and 71-9261 (Ref. [1.1.3])). Both HI-STORM and HI-
STAR are engineered to house identical MPCs. Since the MPC is designed to meet the requirements
of both IOCFR71 and IOCFR72 for transportation and storage, respectively, the HI-STORM 100
System allows rapid decommissioning of the ISFSI by simply transferring the loaded MPC's directly
into HI-STAR 100 overpacks for off-site transport. This alleviates the additional fuel handling steps
required by storage-only casks to unload the cask and repackage the fuel into a suitable
transportation cask.

In contrast to the HI-STAR 100 overpack, which provides a containment boundary for the SNF
during transport, the HI-STORM storage overpack does not constitute a containment or confinement
enclosure. The HI-STORM overpack is equipped with large penetrations near its lower and upper
extremities to permit natural circulation of air to provide for the passive cooling of the MPC and the
contained radioactive material. The HI-STORM overpack is engineered to be an effective barrier
against the radiation emitted by the stored materials, and an efficiently configured metal/concrete
composite to attenuate the loads transmitted to the MPC during a natural phenomena or hypothetical
accident event. Other auxiliary functions of the HI-STORM 100 overpack include isolation of the
SNF from abnormal environmental or man-made events, such as impact of a tornado borne missile.
As the subsequent chapters of this FSAR demonstrate, the HI-STORM overpack is engineered with
large margins of safety with respect to cooling, shielding, and mechanical/structural functions.

The HI-STORM 100 System is autonomous inasmuch as it provides SNF and radioactive material
confinement, radiation shielding, criticality control and passive heat removal independent of any
other facility, structures, or components. The surveillance and maintenance required by the plant's
staff is minimized by the HI-STORM 100 System since it is completely passive and is composed of
materials with long proven histories in the nuclear industry. The HI-STORM 100 System can be
used either singly or as the basic storage module in an ISFSI. The site for an ISFSI can be'located
either at a reactor or away from a reactor.

The information presented in this report is intended to demonstrate the acceptability of the HI-
STORM 100 System for use under the general license provisions of Subpart K by meeting the
criteria set forth in IOCFR72.236.
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The modularity of the HI-STORM 100 System accrues several advantages. Different MPCs,
identical in exterior dimensions, manufacturing requirements, and handling features, but different in
their SNF arrangement details, are designed to fit a common overpack. Even though the different
MPCs have fundamentally identical design and manufacturing attributes, qualification of HI-
STORM 100 requires consideration of the variations in the characteristics of the MPCs. In most
cases, however, it is possible to identify the most limiting MPC geometry and the specific loading
condition for the safety evaluation, and the detailed analyses are then carried out for that bounding
condition. In those cases where this is not possible, multiple parallel analyses are performed.

The HI-STORM overpack is not engineered for transport and, therefore, will not be submitted for
1 OCFR Part 71 certification. HI-STORM 100, however, is designed to possess certain key elements
of flexibility.

For example:

* The HI-STORM overpack is stored at the ISFSI pad in a vertical orientation, which helps
minimize the size of the ISFSI and leads to an effective natural convection cooling flow
around the MPC.

* The HI-STORM overpack can be loaded with a loaded MPC using the HI-TRAC transfer
cask inside the I OCFR50 [1.1.4] facility, prepared for storage, transferred to the ISFSI, and
stored in a vertical configuration, or directly loaded using the HI-TRAC transfer cask at or
nearby the ISFSI storage pad.

The version of the HI-STORM overpack equipped with sector lugs to anchor it to the ISFSI pad is
labeled HI-STORM IOOA, shown in Figure 1. 1.4. Figure 1.1.5 shows the sector lugs and anchors
used to fasten the overpack to the pad in closer view. Details on HI-STORM I O1A are presented in
the drawing and BOM contained in Section 1.5. Users may employ a double nut arrangement as an
option. The HI-STORM IOOA overpack will be deployed at those ISFSI sites where the postulated
seismic event (defined by the three orthogonal ZPAs) exceeds the maximum limit permitted for free-
standing installation. The design of the ISFSI pad and the embedment arenecessarily site-specific
and the responsibility of the ISFSI owner. These designs shall be in accordance with the
requirements specified in Appendix 2.A. The jurisdictional boundary between the anchored cask
design and the embedment design is defined in Table 2.0.5. Additional description of the HI-
STORM 1 OOA configuration is provided in Subsection 1.2.1.2.1. The anchored design is applicable
to the HI-STORM 100 and the HI-STORM IOS overpack designs only.

The MPC is a multi-purpose SNF storage device both with respect to the type of fuel assemblies
and its versatility of use. The MPC is engineered as a cylindrical prismatic structure with square
cross section storage cavities. The number of storage locations depends on the type of fuel.
Regardless of the storage cell count, the construction of the MPC is fundamentally the same; it is
built as a honeycomb of cellular elements positioned within a circumscribing cylindrical canister
shell. The manner of cell-to-cell weld-up and cell-to-canister shell interface employed in the MPC
imparts extremely high structural stiffness to the assemblage, which is an important attribute for
mechanical accident events. Figure 1.1.2 shows an elevation cross section of an MPC.
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The MPC enclosure vessel is identical to those presented in References [ 1. 1.2] and [1.1.3]. However,
certain fuel basket models may not be certified for storage or transportation in the HI-STAR 100
System. The Part 71 and 72 CoCs for HI-STAR 100 should be consulted for the MPC models that
are certified for that system. Referencing these documents, as applicable, avoids repetition of
information on the MPCs which is comprehensively set forth in the above-mentioned Holtec
International documents docketed with the NRC. However, sufficient information and drawings are
presented in this report to maintain clarity of exposition of technical data.

The HI-STORM storage overpack is designed to provide the necessary neutron and gamma shielding
to comply with the provisions of 1OCFR72 for dry storage of SNF at an ISFSI. Cross sectional
views of the HI-STORM storage overpacks are presented in Figures 1.1.3,1.1.3A, and 1.1.3B. A HI-
TRAC transfer cask is required for loading of the MPC and movement of the loaded MPC from the
cask loading area of a nuclear plant spent fuel pool to the storage overpack. The HI-TRAC is
engineered to be emplaced with an empty MPC into the cask loading area of nuclear plant spent fuel
pools for fuel loading (or unloading). The HI-TRAC/MPC assembly is designed to preclude
intrusion of pool water into the narrow annular space between the HI-TRAC and the MPC while the
assembly is submerged in the pool water. The HI-TRAC transfer cask also allows dry loading (or
unloading) of SNF into the MPC.

To summarize, the HI-STORM 100 System has been engineered to:

* minimize handling of the SNF;

* provide shielding and physical protection for the MPC;

" permit rapid and unencumbered decommissioning of the ISFSI;

* require minimal ongoing surveillance and maintenance by plant staff,

* minimize dose to operators during loading and handling;

* allow transfer of the loaded MPC to a HI-STAR overpack for transportation.
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1.2 GENERAL DESCRIPTION OF HI-STORM 100 System

1.2.1 System Characteristics

The basic HI-STORM 100 System consists of interchangeable MPCs providing a confinement
boundary for BWR or PWR spent nuclear fuel, a storage overpack providing a structural and
radiological boundary for long-term storage of the MPC placed inside it, and a transfer cask
providing a structural and radiological boundary for transfer of a loaded MPC from a nuclear plant
spent fuel storage pool to the storage overpack. Figures 1.2.1 and 1.2.1A provide example cross
sectional views of the HI-STORM 100 System with an MPC inserted into HI-STORM 100 and HI-
STORM IOOS storage overpacks, respectively. Figure 1.1.1 B provides similar information for the
HI-STORM 100 System using a HI-STORM IOOS Version B overpack. Each of these components is
described below, including information with respect to component fabrication techniques and
designed safety features. All structures, systems, and components of the HI-STORM 100 System,
which are identified as Important to Safety are specified in Table 2.2.6. This discussion is
supplemented with a full set of drawings in Section 1.5.

The HI-STORM 100 System is comprised of three discrete components:

i. multi-purpose canister (MPC)
ii. storage overpack (HI-STORM)
iii. transfer cask (HI-TRAC)

Necessary auxiliaries required to deploy the HI-STORM 100 System for storage are:

i. vacuum drying (or other moisture removal) system
ii. helium (He) backfill system with leakage detector (or other system capable of the

same backfill condition)
iii. lifting and handling systems
iv welding equipment
v. transfer vehicles/trailer

All MPCs have identical exterior dimensions that render them interchangeable. The outer diameter
of the MPC is 68-3/8 inchest and the overall length is 190-1/2 inches. See Section 1.5 for the MPC
drawings. Due to the differing storage contents of each MPC, the maximum loaded weight differs
among MPCs. See Table 3.2.1 for each MPC weight. However, the maximum weight of a loaded
MPC is approximately 44-1/2 tons. Tables 1.2.1 and 1.2.2 contain the key system data and
parameters for the MPCs.

t Dimensions discussed in this section are considered nominal values.
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A single, base HI-STORM overpack design is provided which is capable of storing each type of
MPC. The overpack inner cavity is sized to accommodate the MPCs. The inner diameter of the
overpack innershell is 73-1/2 inches and the height of the cavity is 191-1/2 inches. The overpack
inner shell is provided with channels distributed around the inner cavity to present an inside
diameter of 69-1/2 inches. The channels are intended to offer a flexible medium to absorb some of
the impact during a non-mechanistic tip-over, while still allowing the cooling air flow through the
ventilated overpack. The outer diameter of the overpack is 132-1/2 inches. The overall height of the
HI-STORM 100 overpack is 239-1/2 inches.

There are two variants of the HI-STORM lOS overpack, differing from each other only in height
and weight. The HI-STORM 100S(232) is 232 inches high, and the HI-STORM 100S(243) is 243
inches high. The HI-STORM 100S(243) is approximately 10,100 lbs heavier assuming standard
density concrete. Hereafter in the text, these two versions of the HI-STORM IOOS overpack will
only be referred to as HI-STORM 1OS and will be discussed separately only if the design feature
being discussed is different between the two overpacks. See Section 1.5 for drawings.

There are also two variants of the HI-STORM 100S Version B overpack, differing from each other
only in height and weight. The HI-STORM IOOS-218 is 218 inches high, and the HI-STORM 100S-
229 is 229 inches high. The HI-STORM 100S-229 is approximately 8,700 lbs heavier, including
standard density concrete, Hereafter in the text, these two versions of the HI-STORM lOS Version
B overpack will only be referred to as HI-STORM IOOS Version B and will be discussed separately
only if the design feature being discussed is different between the two overpacks. See Section 1.5
for drawings.

The weight of the overpack without an MPC varies from approximately 135 tons to 160 tons. See
Table 3.2.1 for the detailed weights.

Before proceeding to present detailed physical data on the HI-STORM 100 System, it is of
contextual importance to summarize the design attributes which enhance the performance and safety
of the system. Some of the principal features of the HI-STORM 100 System which enhance its
effectiveness as an SNF storage device and a safe SNF confinement structure are:

" the honeycomb design of the MPC fuel basket;

* the effective distribution of neutron and gamma shielding materials within the system;

" the high heat dissipation capability;

* engineered features to promote convective heat transfer;

* the structural robustness of the steel-concrete-steel overpack construction.
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The honeycomb design of the MPC fuel baskets renders the basket into a multi-flange plate
weldment where all structural elements (i.e., box walls) are arrayed in two orthogonal sets of plates.
Consequently, the walls of the cells are either completely co-planar (i.e., no offset) or orthogonal
with each other. There is complete edge-to-edge continuity between the contiguous cells.

Among the many benefits of the honeycomb construction is the uniform distribution of the metal
mass of the basket over the entire length of the basket. Physical reasoning suggests that a uniformly
distributed mass provides a more effective shielding barrier than can be obtained from a nonuniform
basket. In other words, the honeycomb basket is a most effective radiation attenuation device. The
complete cell-to-cell connectivity inherent in the honeycomb basket structure provides an
uninterrupted heat transmission path, making the MPC an effective heat rejection device.

The composite shell construction in the overpack, steel-concrete-steel, allows ease of fabrication and
eliminates the need for the sole reliance on the strength of concrete.

A description of each of the components is provided in the following sections, along with
information with respect to its fabrication and safety features. This discussion is supplemented with
the full set of drawings in Section 1.5.

1.2.1.1 Multi-Purpose Canisters

The MPCs are welded cylindrical structures as shown in cross sectional views of Figures 1.2.2
through 1.2.4. The outer diameter and cylindrical height of each MPC are fixed. Each spent fuel
MPC is an assembly consisting of a honeycombed fuel basket, a baseplate, canister shell, a lid, and a
closure ring, as depicted in the MPC cross section elevation view, Figure 1.2.5. The number of spent
nuclear fuel storage locations in each of the MPCs depends on the fuel assembly characteristics.

There are eight MPC models, distinguished by the type and number of fuel assemblies authorized for
loading. Section 1.2.3 and Table 1.2.1 summarize the allowable contents for each MPC model.
Section 2.1.9 provides the detailed specifications for the contents authorized for storage in the HI-
STORM 100 System. Drawings for the MPCs are provided in Section 1.5.

The MPC provides the confinement boundary for the stored fuel. Figure 1.2.6 provides an elevation
view of the MPC confinement boundary. The confinement boundary is defined by the MPC
baseplate, shell, lid, port covers, and closure ring. The confinement boundary is a strength-welded
enclosure of all stainless steel construction.

The PWR MPC-24, MPC-24E and MPC-24EF differ in construction from the MPC-32 (including
the MPC-32F) and the MPC-68 (including the MPC-68F and MPC-68FF) in one important aspect:
the fuel storage cells in the MPC-24 series are physically separated from one another by a "flux
trap", for criticality control. The PWR MPC-32 and -32F are designed similar to the MPC-68
(without flux traps) and its design includes credit for soluble boron in the MPC water during wet
fuel loading and unloading operations for criticality control.
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The MPC fuel baskets of non-flux trap construction (namely, MPC-68, MPC-68F, MPC-68FF,
MPC-32, and MPC-32F) are formed from an array of plates welded to each other at their
intersections. In the flux-trap type fuel baskets (MPC-24, MPC-24E, and MPC-24EF), formed
angles are interposed onto the orthogonally configured plate assemblage to create the required flux-
trap channels (see MPC-24 and MPC-24E fuel basket drawings in Section 1.5). In both
configurations, two key attributes of the basket are preserved:

The cross section of the fuel basket simulates a multi-flanged closed section beam,
resulting in extremely high bending rigidity.

ii. The principal structural frame of the basket consists of co-planar plate-type members
(i.e., no offset).

This structural feature eliminates the source of severe bending stresses in the basket structure by
eliminating the offset between the cell walls that must transfer the inertia load of the stored SNF to
the basket/MPC interface during the various postulated accident events (e.g., non-mechanistic
tipover, uncontrolled lowering of a cask during on-site transfer, or off-site transport events, etc.).

The MPC fuel basket is positioned and supported within the MPC shell by a set of basket supports
welded to the inside of the MPC shell. Between the periphery of the basket, the MPC shell, and the
basket supports, optional aluminum heat conduction elements (AHCEs) may have been installed in
the early vintage MPCs fabricated, certified, and loaded under the original version or Amendment I
of the HI-STORM 100 System CoC. The presence of these aluminum heat conduction elements is
acceptable for MPCs loaded under the original CoC or Amendment 1, since the governing thermal
analysis for Amendment 1 conservatively modeled the AHCEs as restrictions to convective flow in
the basket, but took no credit for heat transfer through them. The heat loads authorized under
Amendment 1 bound those for the original CoC, with the same MPC design. For MPCs loaded under
Amendment 2 or a later version of the HI-STORM 100 CoC, the aluminum heat conduction
elements shall not be installed. MPCs both with and without aluminum heat conduction elements
installed are compatible with all HI-STORM overpacks. If used, these heat conduction elements are
fabricated from thin aluminum alloy 1100 in shapes and a design that allows a snug fit in the
confined spaces and ease of installation. If used, the heat conduction elements are installed along the
full length of the MPC basket except at the drain pipe location to create a nonstructural thermal
connection that facilitates heat transfer from the basket to shell. In their operating condition, the heat
conduction elements contact the MPC shell and basket walls.

Lifting lugs attached to the inside surface of the MPC canister shell serve to permit placement of the
empty MPC into the HI-TRAC transfer cask. The lifting lugs also serve to axially locate the MPC lid
prior to welding. These internal lifting lugs are not used to handle a loaded MPC. Since the MPC lid
is installed prior to any handling of a loaded MPC, there is no access to the lifting lugs once the
MPC is loaded.

The top end of the MPC incorporates a redundant closure system. Figure 1.2.6 shows the MPC
closure details. The MPC lid is a circular plate (fabricated from one piece, or two pieces - split top
and bottom) edge-welded to the MPC outer shell. If the two-piece lid design is employed, only the
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top piece is analyzed as part of the enclosure vessel pressure boundary. The bottom piece acts as a
radiation shield and is attached to the top piece with a non-structural, non-pressure retaining weld.
The lid is equipped with vent and drain ports that are utilized to remove moisture and air from the
MPC, and backfill the MPC with a specified amount of inert gas (helium). The vent and drain ports
are covered and seal welded before the closure ring is installed. The closure ring is a circular ring
edge-welded to the MPC shell and lid. The MPC lid provides sufficient rigidity to allow the entire
MPC loaded with SNF to be lifted by threaded holes in the MPC lid.

For fuel assemblies that are shorter than the design basis length, upper and lower fuel spacers (as
appropriate) maintain the axial position of the fuel assembly within the MPC basket. The upper fuel
spacers are threaded into the underside of the MPC lid as shown in Figure 1.2.5. The lower fuel
spacers are placed in the bottom of each fuel basket cell. The upper and lower fuel spacers are
designed to withstand normal, off-normal, and accident conditions of storage. An axial clearance of
approximately 2 to 2-1/2 inches is provided to account for the irradiation and thermal growth of the
fuel assemblies. The suggested values for the upper and lower fuel spacer lengths are listed in Tables
2.1.9 and 2.1.10 for each fuel assembly type. The actual length of fuel spacers will be determined on
a site-specific or fuel assembly-specific basis.

The MPC is constructed entirely from stainless steel alloy materials (except for the neutron absorber
and optional aluminum heat conduction elements). No carbon steel parts are permitted in the MPC.
Concerns regarding interaction of coated carbon steel materials and various MPC operating
environments [1.2.1] are not applicable to the MPC. All structural components in a MPC shall be
made of Alloy X, a designation which warrants further explanation.

Alloy X is a material that is expected to be acceptable as a Mined Geological Disposal System
(MGDS) waste package and which meets the thermophysical properties set forth in this document.

At this time, there is considerable uncertainty with respect to the material of construction for an
MPC that would be acceptable as a waste package for the MGDS. Candidate materials being
considered for acceptability by the DOE include:

Type 316
Type 316LN

Type 304
Type 304LN

The DOE material selection process is primarily driven by corrosion resistance in the potential
environment of the MGDS. As the decision regarding a suitable material to meet disposal
requirements is not imminent, the MPC design allows the use of any one of the four Alloy X
materials.

For the MPC design and analysis, Alloy X (as defined in this FSAR) may be one of the following
materials. Any steel part in an MPC may be fabricated from any of the acceptable Alloy X materials
listed below, except that the steel pieces comprising the MPC shell (i.e., the 1/2" thick cylinder)
must be fabricated from the same Alloy X stainless steel type.
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Type 316
Type 316LN
Type 304
Type 304LN

The Alloy X approach is accomplished by qualifying the MPC for all mechanical, structural,
neutronic, radiological, and thermal conditions using material thermophysical properties that are the
least favorable for the entire group for the analysis in question. For example, when calculating the
rate of heat rejection to the outside environment, the value of thermal conductivity used is the lowest
for the candidate material group. Similarly, the stress analysis calculations use the lowest value of
the ASME Code allowable stress intensity for the entire group. Stated differently, we have defined a
material, which is referred to as Alloy X, whose thermophysical properties, from the MPC design
perspective, are the least favorable of the candidate materials.

The evaluation of the Alloy X constituents to determine the least favorable properties is provided in
Appendix I.A.

The Alloy X approach is conservative because no matter which material is ultimately utilized in the
MPC construction, the Alloy X approach guarantees that the performance of the MPC will exceed
the analytical predictions contained in this document.

1.2.1.2 Overpacks

1.2.1.2.1 HI-STORM Overpack

The HI-STORM overpacks are rugged, heavy-walled cylindrical vessels. Figures 1.1.3B, 1.2.7,
1.2.8, and 1.2.8A provide cross sectional views of the HI-STORM 100 System, showing all of the
overpack designs. The HI-STORM 1 O0A overpack design is an anchored variant of the HI-STORM
100 and -IOOS designs and hereinafter is identified by name only when the discussion specifically
applies to the anchored overpack. The HI-STORM 1 O0A differs only in the diameter of the overpack
baseplate and the presence of bolt holes and associated anchorage hardware (see Figures 1.1.4 and

.1 .5),The main structural function of the storage overpack is provided by carbon steel, and the main
shielding function is provided by plain concrete. The overpack plain concrete is enclosed by
cylindrical steel shells, a thick steel baseplate, and a top plate. The overpack lid has appropriate
concrete shielding to provide neutron and gamma attenuation in the vertical direction.

The storage overpack provides an internal cylindrical cavity of sufficient height and diameter for
housing an MPC. The inner shell of the overpack has channels attached to its inner diameter. The
channels provide guidance for MPC insertion and removal and a flexible medium to absorb impact
loads during the non-mechanistic tip-over, while still allowing the cooling air flow to circulate
through the overpack. Shims may be attached to channels to allow the proper inner diameter
dimension to be obtained.
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The storage system has air ducts to allow for passive natural convection cooling of the contained
MPC. A minimum of four air inlets and four air outlets are'located at the lower and upper
extremities of the storage system, respectively. The location of the air outlets in the HI-STORM 100
and the HI-STORM 100S (including Version B) design differ in that the outlet ducts for the HI-
STORM 100 overpack are located in the overpack body and are aligned vertically with the inlet
ducts at the bottom of the overpack body. The air outlet ducts in the HI-STORM IOOS and -IOOS
Version B are integral to the lid assembly and are not in vertical alignment with the inlet ducts. See
the drawings in Section 1.5 for details of the overpack air inlet and outlet duct designs. The air inlets
and outlets are covered by a screen to reduce the potential for blockage. Routine inspection of the
screens (or, alternatively, temperature monitoring) ensures that blockage of the screens themselves
will be detected and removed in a timely manner. Analysis, described in Chapter 11 of this FSAR,
evaluates the effects of partial and complete blockage of the air ducts.

The air inlets and air outlets are penetrations through the thick concrete shielding provided by the
HI-STORM 100 overpack. The outlet air ducts for the HI-STORM 100S and -100S Version B
overpack designs, integral to the lid, present a similar break in radial shielding. Within the air inlets
and outlets, an array of gamma shield cross plates are installed (see Figure 5.3.19 for a pictorial
representation of the gamma shield cross plate designs). These gamma shield cross plates are
designed to scatter any radiation traveling through the ducts. The result of scattering the radiation in
the ducts is a significant decrease in the local dose rates around the air inlets and air outlets. The
configuration of the gamma shield cross plates is such that the increase in the resistance to flow in
the air inlets and outlets is minimized. For the HI-STORM 100 and -IOOS overpack designs, the
shielding analysis conservatively credits only the mandatory version of the gamma shield cross plate
design because they provide less shielding than the optional design. Conversely, the thermal
analysis conservatively evaluates the optional gamma shield cross plate design because it
conservatively provides greater resistance to flow than the mandatory design. There is only one
gamma shield cross plate design employed with the HI-STORM IOOS Version B overpack design,
which has been appropriately considered in the shielding and thermal analyses.

Four threaded anchor blocks at the top of the overpack are provided for lifting. The anchor blocks
are integrally welded to the radial plates, which in turn are full-length welded to the overpack inner
shell, outer shell, and baseplate (HI-STORM 100) or the inlet air duct horizontal plates (HI-STORM
100S) (see Figure 1.2.7). The HI-STORM 100S Version B overpack design incorporates partial-
length radial plates at the top of the overpack to secure the anchor blocks and uses both gussets and
partial-length radial plates at the bottom of the overpack for structural stability. Details of this
arrangement are shown in the drawings in Section 1.5.

The four anchor blocks are located on 90' arcs around the circumference of the top of the overpack
lid. The overpack may also be lifted from the bottom using specially-designed lifting transport
devices, including hydraulic jacks, air pads, Hillman rollers, or other design based on site-specific
needs and capabilities. Slings or other suitable devices mate with lifting lugs that are inserted into
threaded holes in the top surface of the overpack lid to allow lifting of the overpack lid. After the lid
is bolted to the storage overpack main body, these lifting bolts shall be removed and replaced with
flush plugs.
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The plain concrete between the overpack inner and outer steel shells is specified to provide the
necessary shielding properties (dry density) and compressive strength. The concrete shall be in
accordance with the requirements specified in Appendix 1.D.

The principal function of the concrete is to provide shielding against gamma and neutron radiation.
However, in an implicit manner it helps enhance the performance of the HI-STORM overpack in
other respects as well. For example, the massive bulk of concrete imparts a large thermal inertia to
the HI-STORM overpack, allowing it to moderate the rise in temperature of the system under
hypothetical conditions when all ventilation passages are assumed to be blocked. The case of a
postulated fire accident at the ISFSI is another example where the high thermal inertia characteristics
of the HI-STORM concrete control the temperature of the MPC. Although the annular concrete mass
in the overpack shell is not a structural member, it does act as an elastic/plastic filler of the inter-
shell space, such that, while its cracking and crushing under a tip-over accident is not of significant
consequence, its deformation characteristics are germane to the analysis of the structural members.

Density and compressive strength are the key parameters that delineate the performance of concrete
in the HI-STORM System. The density of concrete used in the inter-shell annulus, pedestal (HI-
STORM 100 and -IOOS overpacks only), and overpack lid has been set as defined in Appendix 1.D.
For evaluating the physical properties of concrete for completing the analytical models, conservative
formulations of Reference [1.0.5] are used.

To ensure the stability of the concrete at temperature, the concrete composition has been specified in
accordance with NUREG-1536, "Standard Review Plan for Dry Cask Storage Systems" [1.0.3].
Thermal analyses, presented in Chapter 4, show that the temperatures during normal storage
conditions do not threaten the physical integrity of the HI-STORM overpack concrete.

There are three base HI-STORM overpack designs - HI-STORM 100, HI-STORM IOOS, and HI-
STORM IOOS Version B. The significant differences among the three are overpack height, MPC
pedestal height, location of the air outlet ducts, and the vertical alignment of the inlet and outlet air
ducts. The HI-STORM 100 overpack is approximately 240 inches high from the bottom of the
baseplate to the top of the lid bolts and 227 inches high without the lid installed. There are two
variants of the HI-STORM 100S overpack design, differing only in height and weight. The HI-
STORM 100S(232) is approximately 232 inches high from the bottom of the baseplate to the top of
the lid in its final storage configuration and approximately 211 inches high without the lid installed.
The HI-STORM 100S(243) is approximately 243 inches high from the bottom of the baseplate to the
top of the lid in its final storage configuration and approximately 222 inches high without the lid
installed. There are also two variants of the HI-STORM IOOS Version B overpack design, differing
only in height and weight. The HI-STORM IOOS-218 is approximately 218 inches high from the
bottom of the baseplate to the top of the lid in its final storage configuration and approximately 199
inches high without the lid installed. The HI-STORM IOOS-229 is approximately 229 inches high
from the bottom of the baseplate to the top of the lid in its final storage configuration and 210 inches
high without the lid installed.

The HI-STORM 100S Version B overpack design does not include a concrete-filled pedestal to
support the MPC. Instead, the MPC rests upon a steel plate that maintains the MPC sufficiently
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above the inlet air ducts to prevent direct radiation shine through the ducts. To facilitate this change,
the inlet air ducts for the HI-STORM 100S Version B are shorter in height but larger in width. See
the drawings in Section 1.5 for details.

The anchored embodiment of the HI-STORM overpack is referred to as HI-STORM IOOA or HI-
STORM IOOSA. The HI-STORM IOS version B overpack design may not be deployed in the
anchored configuration at this time. As explained in the foregoing, the HI-STORM overpack is a
steel weldment, which makes it a relatively simple matter to extend the overpack baseplate, form
lugs, and then anchor the cask to the reinforced concrete structure of the ISFSI. In HI-STORM
terminology, these lugs are referred to as "sector lugs." The sector lugs, as shown in Figure 1.1.5 and
the drawing in Section 1.5, are formed by extending the HI-STORM overpack baseplate, welding
vertical gussets to the baseplate extension and to the overpack outer shell and, finally, welding a
horizontal lug support ring in the form of an annular sector to the vertical gussets and to the outer
shell. The baseplate is equipped with regularly spaced clearance holes (round or slotted) through
which the anchor studs can pass. The sector lugs are bolted to the ISFSI pad using anchor studs that
are made of a creep-resistant, high-ductility, environmentally compatible material. The bolts are pre-
loaded to a precise axial stress using a "stud tensioner" rather than a torque wrench. Pre-tensioning
the anchors using a stud tensioner eliminates any shear stress in the bolt, which is unavoidable if a
torquing device is employed (Chapter 3 of the text "Mechanical Design of Heat Exchangers and
Pressure Vessel Components", by Arcturus Publishers, 1984, K.P. Singh and A.I. Soler, provides
additional information on stud tensioners). The axial stress in the anchors induced by pre-tensioning
is kept below 75% of the material yield stress, such that during the seismic event the maximum bolt
axial stress remains below the limit prescribed for bolts in the ASME Code, Section III, Subsection
NF (for Level D conditions). Figures 1. 1.4 and 1.1.5 provide visual depictions of the anchored HI-
STORM IOA configuration. This configuration also applies to the HI-STORM 100SA.

The anchor studs pass through liberal clearance holes (circular or slotted) in the sector lugs (0.75"
minimum clearance) such that the fastening of the studs to the ISFSI pad can be carried out without
mechanical interference from the body of the sector lug. The two clearance hole configurations give
the ISFSI pad designer flexibility in the design of the anchor embedment in the ISFSI concrete. The
axial force in the anchors produces a compressive load at the overpack/pad interface. This
compressive force, F, imputes a lateral load bearing capacity to the cask/pad interface that is equal to
gF (g < 0.53 per Table 2.2.8). As is shown in Chapter 3 of this FSAR, the lateral load-bearing
capacity of the HI-STORM/pad interface (gF) is many times greater than the horizontal (sliding)
force exerted on the cask under the postulated DBE seismic event. Thus, the potential for lateral
sliding of the HI-STORM IOOA System during a seismic event is precluded, as is the potential for
any bending action on the anchor studs.

The seismic loads, however, will produce an overturning moment on the overpack that would cause
a redistribution of the compressive contact pressure between the pad and the overpack. To determine
the pulsation in the tensile load in the anchor studs and in the interface contact pressure, bounding
static analysis of the preloaded configuration has been performed. The results of the static analysis
demonstrate that the initial preloading minimizes pulsations in the stud load. A confirmatory non-
linear dynamic analysis has also been performed using the time-history methodology described in
Chapter 3, wherein the principal nonlinearities in the cask system are incorporated and addressed.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
REPORT HI-2002444 1.2-9

HI-STORM 100 Rev. 5 - 6/21/07



The calculated results from the dynamic analysis confirm the static analysis results and that the
presence of pre-stress helps minimize the pulsation in the anchor stud stress levels during the
seismic event, thus eliminating any concern with regard to fatigue failure under extended and
repetitive seismic excitations.

The sector lugs in HI-STORM 1O0A are made of the same steel material as the baseplate and the
shell (SA516- Gr. 70) which helps ensure high quality fillet welds used to join the lugs to the body
of the overpack. The material for the anchor studs can be selected from a family of allowable stud
materials listed in the ASME Code (Section II). A representative sampling of permitted materials is
listed in Table 1.2.7. The menu of materials will enable the ISFSI owner to select a fastener material
that is resistant to corrosion in the local ISFSI environment. For example, for ISFSls located in
marine environments (e.g., coastal reactor sites), carbon steel studs would not be recommended
without concomitant periodic inspection and coating maintenance programs. Table 1.2.7 provides
the chemical composition of several acceptable fastener materials to help the ISFSI owner select the
most appropriate material for his site. The two mechanical properties, ultimate strength a,, and yield
strength o, are also listed. For purposes of structural evaluations, the lower bound values of a,, and
cry from the menu of materials listed in Table 1.2.7 are used (see Table 3.4.10).

As shown in the drawing, the anchor studs are spaced sufficiently far apart such that a practical
reinforced concrete pad with embedded receptacles can be designed to carry the axial pull from the
anchor studs without overstressing the enveloping concrete monolith. The design specification and
supporting analyses in this FSAR are focused on qualifying the overpack structures, including the
sector lugs and the anchor studs. The design of the ISFSI pad, and its anchor receptacle will vary
from site to site, depending on the geology and seismological characteristics of the sub-terrain
underlying the ISFSI pad region. The data provided in this FSAR, however, provide the complete set
of factored loads to which the ISFSI pad, its sub-grade, and the anchor receptacles must be designed
within the purview of ACI-349-97 [1.0.4]. Detailed requirements on the ISFSI pads for anchored
casks are provided in Section 2.0.4.

1.2.1.2.2 HI-TRAC (Transfer Cask) - Standard Design

Like the storage overpack, the HI-TRAC transfer cask is a rugged, heavy-walled cylindrical vessel.
The main structural function of the transfer cask is provided by carbon steel, and the main neutron
and gamma shielding functions are provided by water and lead, respectively. The transfer cask is a
steel, lead, steel layered cylinder with a water jacket attached to the exterior. Figure 1.2.9 provides a
typical cross section of the standard design HI-TRAC-125 with the pool lid installed. See Section
1.2.1.2.3 for discussion of the optional HI-TRAC IOD and 125D designs.

The transfer cask provides an internal cylindrical cavity of sufficient size for housing an MPC. The
top lid of the HI-TRAC 125 has additional neutron shielding to provide neutron attenuation in the
vertical direction (from SNF in the MPC below). The MPC access hole through the HI-TRAC top
lid is provided to allow the lowering/raising of the MPC between the HI-TRAC transfer cask, and
the HI-STORM or HI-STAR overpacks. The standard design HI-TRAC (comprised of HI-TRAC
100 and HI-TRAC 125) is provided with two bottom lids, each used separately. The pool lid is
bolted to the bottom flange of the HI-TRAC and is utilized during MPC fuel loading and sealing
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operations. In addition to providing shielding in the axial direction, the pool lid incorporates a seal
that is designed to hold clean demineralized water in the HI-TRAC inner cavity, thereby preventing
contamination of the exterior of the MPC by the contaminated fuel pool water. After the MPC has
been drained, dried, and sealed, the pool lid is removed and the HI-TRAC transfer lid is attached
(standard design only). The transfer lid incorporates two sliding doors that allow the opening of the
HI-TRAC bottom for the MPC to be raised/lowered. Figure 1.2.10 provides a cross section of the
HI-TRAC with the transfer lid installed.

In the standard design, trunnions are provided for lifting and rotating the transfer cask body between
vertical and horizontal positions. The lifting trunnions are located just below the top flange and the
pocket trunnions are located above the bottom flange. The two lifting trunnions are provided to lift
and vertically handle the HI-TRAC, and the pocket trunnions provide a pivot point for the rotation of
the HI-TRAC for downending or upending.

Two standard design HI-TRAC transfer casks of different weights are provided to house the MPCs.
The 125 ton HI-TRAC weight does not exceed 125 tons during any loading or transfer operation.
The 100 ton HI-TRAC weight does not exceed 100 tons during any loading or transfer operation.
The internal cylindrical cavities of the two standard design HI-TRACs are identical. However, the
external dimensions are different. The 100ton HI-TRAC has a reduced thickness of lead and water
shielding and consequently, the external dimensions are different. The structural steel thickness is
identical in the two HI-TRACs. This allows most structural analyses of the 125 ton HI-TRAC to
bound the 100 ton HI-TRAC design. Additionally, as the two HI-TRACs are identical except for a
reduced thickness of lead and water, the 125 ton HI-TRAC has a larger thermal resistance than the
smaller and lighter 100 ton HI-TRAC. Therefore, for normal conditions the 125 ton HI-TRAC
thermal analysis bounds that of the 100 ton HI-TRAC. Separate shielding analyses are performed for
each HI-TRAC since the shielding thicknesses are different between the two.

1.2.1.2.3 HI-TRAC I GOD and 125D Transfer Casks

As an option to using either of the standard HI-TRAC transfer cask designs, users may choose to use
the optional HI-TRAC 1 GOD or 125D designs. Figure 1.2.9A provides a typical cross section of the
HI-TRAC- 1 25D with the pool lid installed. The HI-TRAC 1 GOD (figure not shown) is similar to the
HI-TRAC 125D except for the top lid (which contains no Holtite). Like the standard designs, the
optional designs are designed and constructed in accordance with ASME III, Subsection NF, with
certain NRC-approved alternatives, as discussed in Section 2.2.4. Functionally equivalent, the major
differences between the HI-TRAC 100GD and 125D designs and the standard designs are as follows:

* No pocket trunnions are provided for downending/upending
* The transfer lid is not required
* A new ancillary, the HI-STORM mating device (Figure 1.2.18) is required during MPC

transfer operations
" A wider baseplate with attachment points for the mating device is provided
* The baseplate incorporates gussets for added structural strength
* The number of pool lid bolts is reduce
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The interface between the MPC and the transfer cask is the same between the standard designs and
the optional designs. The optional designs are capable of withstanding all loads defined in the design
basis for the transfer cask during normal, off-normal, and accident modes of operation with adequate
safety margins. In lieu of swapping the pool lid for the transfer lid to facilitate MPC transfer, the
pool lids remain on the HI-TRAC 1 GOD and 125D until MPC transfer is required. The HI-STORM
mating device is located between, and secured with bolting (if required by seismic analysis), to the
top of the HI-STORM overpack and the HI-TRAC 1 GOD or 125D transfer cask. The mating device
is used to remove the pool lid to provide a pathway for MPC transfer between the overpack and the
transfer cask. Section 1.2.2.2 provides additional detail on the differences between the standard
transfer cask designs and the optional HI-TRAC IOOD or 125D designs during operations.

1.2.1.3 Shielding Materials

The HI-STORM 100 System is provided with shielding to ensure the radiation and exposure
requirements in 1OCFR72.104 and IOCFR72.106 are met. This shielding is an important factor in
minimizing the personnel doses from the gamma and neutron sources in the SNF in the MPC for
ALARA considerations during loading, handling, transfer, and storage. The fuel basket structure of
edge-welded composite boxes and neutron absorber panels attached to the fuel storage cell vertical
surfaces provide the initial attenuation of gamma and neutron radiation emitted by the radioactive
spent fuel. The MPC shell, baseplate, lid and closure ring provide additional thicknesses of steel to
further reduce the gamma flux at the outer canister surfaces.

In the HI-STORM storage overpack, the primary shielding in the radial direction is provided by
concrete and steel. In addition, the storage overpack has a thick circular concrete slab attached to the
lid, and the HI-STORM 100 and -100S have a thick circular concrete pedestal upon which the MPC
rests. This concrete pedestal is not necessary in the HI-STORM lOS Version B overpack design.
These slabs provide gamma and neutron attenuation in the axial direction. The thick overpack lid
and concrete shielding integral to the lid provide additional gamma attenuation in the upward
direction, reducing both direct radiation and skyshine. Several steel plate and shell elements provide
additional gamma shielding as needed in specific areas, as well as incremental improvements in the
overall shielding effectiveness. Gamma shield cross plates, as depicted in Figure 5.3.19, provide
attenuation of scattered gamma radiation as it exits the inlet and outlet air ducts.

In the HI-TRAC transfer cask radial direction, gamma and neutron shielding consists of steel-lead-
steel and water, respectively. In the axial direction, shielding is provided by the top lid, and the pool
or transfer lid, as applicable. In the HI-TRAC pool lid, layers of steel-lead-steel provide an
additional measure of gamma shielding to supplement the gamma shielding at the bottom of the
MPC. In the transfer lid, layers of steel-lead-steel provide gamma attenuation. For the HI-TRAC 125
transfer lid, the neutron shield material, Holtite-A, is also provided. The HI-TRAC 125 and HI-
TRAC 125D top lids are composed of steel-neutron shield-steel, with the neutron shield material
being Holtite-A. The HI-TRAC 100 and HI-TRAC IOOD top lids are composed of steel only
providing gamma attenuation.
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1.2.1.3.1 Fixed Neutron Absorbers

1.2.1.3.1.1 BoralTM

Boral is a thermal neutron poison material composed of boron carbide and aluminum (aluminum
powder and plate). Boron carbide is a compound having a high boron content in a physically stable
and chemically inert form. The boron carbide contained in Boral is a fine granulated powder that
conforms to ASTM C-750-80 nuclear grade Type III. The Boral cladding is made of alloy
aluminum, a lightweight metal with high tensile strength which is protected from corrosion by a
highly resistant oxide film. The two materials, boron carbide and aluminum, are chemically
compatible and ideally suited for long-term use in the radiation, thermal, and chemical environment
of a nuclear reactor, spent fuel pool, or dry cask.

The documented historical applications of Boral, in environments comparable to those in spent fuel
pools and fuel storage casks, dates to the early 1950s (the U.S. Atomic Energy Commission's AE-6
Water-Boiler Reactor [1.2.2]). Technical data on the material was first printed in 1949, when the
report "Boral: A New Thermal Neutron Shield" was published [1.2.3]. In 1956, the first edition of
the Reactor Shielding Design Manual [1.2.4] was published and it contained a section on Boral and
its properties.

In the research and test reactors built during the 1950s and 1960s, Boral was frequently the material
of choice for control blades, thermal-column shutters, and other items requiring very good thermal-
neutron absorption properties. It is in these reactors that Boral has seen its longest service in
environments comparable to today's applications.

Boral found other uses in the 1960s, one of which was a neutron poison material in baskets used in
the shipment of irradiated, enriched fuel rods from Canada's Chalk River laboratories to Savannah
River. Use of Boral in shipping containers continues, with Boral serving as the poison in current
British Nuclear Fuels Limited casks and the Storable Transport Cask by Nuclear Assurance
Corporation [1.2.5].

Boral has been licensed by the NRC for use in numerous BWR and PWR spent fuel storage racks
and has been extensively used in international nuclear installations.

Boral has been exclusively used in fuel storage applications in recent years. Its use in spent fuel
pools as the neutron absorbing material can be attributed to its proven performance and several
unique characteristics, such as:

* The content and placement of boron carbide provides a very high removal cross
section for thermal neutrons.

* Boron carbide, in the form of fine particles, is homogeneously dispersed throughout
the central layer of the Boral panels.
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* The boron carbide and aluminum materials in Boral do not degrade as a result of
long-term exposure to radiation.

* The neutron absorbing central layer of Boral is clad with permanently bonded
surfaces of aluminum.

" Boral is stable, strong, durable, and corrosion resistant.

Boral absorbs thermal neutrons without physical change or degradation of any sort from the
anticipated exposure to gamma radiation and heat. The material does not suffer loss of neutron
attenuation capability when exposed to high levels of radiation dose.

Holtec International's QA Program ensures, that Boral is manufactured under the control and
surveillance of a Quality Assurance/Quality Control Program that conforms to the requirements of
1 OCFR72, Subpart G. Holtec International has procured over 200,000 panels of Boral from AAR
Advanced Structures in over 30 projects. Boral has always been purchased with a minimum 1013
loading requirement. Coupons extracted from production runs were tested using the wet chemistry
procedure. The actual 10B loading, out of thousands of coupons tested, has never been found to fall
below the design specification. The size of this coupon database is sufficient to provide reasonable
assurance that all future Boral procurements will continue to yield Boral with full compliance with
the stipulated minimum loading. Furthermore, the surveillance, coupon testing, and material tracking
processes which have so effectively controlled the quality of Boral are expected to continue to yield
Boral of similar quality in the future. Nevertheless, to add another layer of insurance, only 75% 10B
credit of the fixed neutron absorber is assumed in the criticality analysis consistent with Chapter 6.0,
IV, 4.c of NUREG-1536, Standard Review Plan for Dry Cask Storage Systems.

Operating experience in nuclear plants with fuel loading of Boral equipped MPCs as well as
laboratory test data indicate that the aluminium used in the manufacture of the Boral may react with
water, resulting in the generation of hydrogen. The numerous variables (i.e., aluminium particle size,
pool temperature, pool chemistry, etc.) that influence the extent of the hydrogen produced make it
impossible to predict the amount of hydrogen that may be generated during MPC loading or
unloading at a particular plant. Therefore, due to the variability in hydrogen generation from the
Boral-water reaction, the operating procedures in Chapter 8 require monitoring for combustible
gases and either exhausting or purging the space beneath the MPC lid during loading and unloading
operations when an ignition event could occur (i.e., when the space beneath the MPC lid is open to
the welding or cutting operation).

1.2.1.3.1.2 METAMIC®

METAMIC® is a neutron absorber material developed by the Reynolds Aluminum Company in the
mid-1990s for spent fuel reactivity control in dry and wet storage applications. Metallurgically,
METAMIC® is a metal matrix composite (MMC) consisting of a matrix of 6061 aluminum alloy
reinforced with Type 1 ASTM C-750 boron carbide. METAMIC® is characterized by extremely fine
aluminum (325 mesh or better) and boron carbide powder. Typically, the average B 4 C particle size is
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between 10 and 15 microns. As described in the U.S. patents held by METAMIC, Inc.* , the high
performance and reliability of METAMIC® derives from the particle size distribution of its
constituents, rendered into a metal matrix composite by the powder metallurgy process. This yields
excellent and uniform homogeneity.

The powders are carefully blended without binders or other additives that could potentially
adversely influence performance. The maximum percentage of B4 C that can be dispersed in the
aluminum alloy 6061 matrix is approximately 40 wt.%, although extensive manufacturing and
testing experience is limited to approximately 31 wt.%. The blend of powders is isostatically
compacted into a green billet under high pressure and vacuum sintered to near theoretical density.

According to the manufacturer, billets of any size can be produced using this technology. The billet
is subsequently extruded into one of a number of product forms, ranging from sheet and plate to
angle, channel, round and square tube, and other profiles. For the METAMIC® sheets used in the
MPCs, the extruded form is rolled down into-the required thickness.

METAMIC. has been subjected to an extensive array of tests sponsored by the Electric Power
Research Institute (EPRI) that evaluated the functional performance of the material at elevated
temperatures (up to 900'F) and radiation levels (1E+I 1 rads gamma). The results of the tests
documented in an EPRI report (Ref. [11.2.11]) indicate that METAMIC® maintains its physical and
neutron absorption properties with little variation in its properties from the unirradiated state. The
main conclusions provided in the above-referenced EPRI report are summarized below:

* The metal matrix configuration produced by the powder metallurgy process with a complete
absence of open porosity in METAMIC® ensures that its density is essentially equal to the
theoretical density.

* The physical and neutronic properties of METAMIC® are essentially unaltered under
exposure to elevated temperatures (7500 F - 9000 F).

" No detectable change in the neutron attenuation characteristics under accelerated corrosion
test conditions has been observed.

In addition, independent measurements of boron carbide particle distribution show extremely small
particle-to-particle distancet and near-perfect homogeneity.

An evaluation of the manufacturing technology underlying METAMIC® as disclosed in the above-

U.S. Patent No. 5,965,829, "Radiation Absorbing Refractory Composition".
U.S. Patent No. 6,042,779, "Extrusion Fabrication Process for Discontinuous Carbide Particulate Metal
Matrix Composites and Super, Hypereutectic Al/Si."

Medium measured neighbor-to-neighbor distance is 10.08 microns according to the article,
"METAMIC Neutron Shielding", by K. Anderson, T. Haynes, and R. Kazmier, EPRI Boraflex
Conference, November 19-20, 1998.
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referenced patents and of the extensive third-party tests carried out under the auspices of EPRI
makes METAMIC® an acceptable neutron absorber material for use in the MPCs. Holtec's technical
position on METAMIC® is also supported by the evaluation carried out by other organizations (see,
for example, USNRC's SER on NUHOMS-61BT, Docket No. 72-1004).

Consistent with its role in reactivity control, all METAMIC® material procured for use in the Holtec
MPCs will be qualified as important-to-safety (ITS) Category A item. ITS category A manufactured
items, as required by Holtec's NRC-approved Quality Assurance program, must be produced to
essentially preclude the potential of an error in the procurement of constituent materials and the
manufacturing processes. Accordingly, material and manufacturing control processes must be
established to eliminate the incidence of errors, and inspection steps must be implemented to serve
as an independent set of barriers to ensure that all critical characteristics defined for the material by
the cask designer are met in the manufactured product.

All manufacturing and in-process steps in the production of METAMIC® shall be carried out using
written procedures. As required by the company's quality program, the material manufacturer's QA
program and its implementation shall be subject to review and ongoing assessment, including audits
and surveillances as set forth in the applicable Holtec QA procedures to ensure that all METAMIC®
panels procured meet with the requirements appropriate for the quality genre of the MPCs.
Additional details pertaining to the qualification and production tests for METAMIC® are
summarized in Subsection 9.1.5.3.

Because of the absence of interconnected porosities, the time required to dehydrate a METAMIC®-
equipped MPC is expected to be less compared to an MPC containing Boral.

NUREG/CR-5661 (Ref. [1.2.14]) recommends limiting poison material credit to 75% of the
minimum 10B loading because of concerns for potential "streaming" of neutrons, and allows for
greater percentage credit in criticality analysis "if comprehensive acceptance tests, capable of
verifying the presence and uniformity of the neutron absorber, are implemented". The value of 75%
is characterized in NUREG/CR-5661 as a very conservative value, based on experiments with
neutron poison containing relatively large B4C particles, such as BORAL with an average particle
size in excess of 100 microns. METAMIC®, however, has a much smaller particle size of typically
between 10 and 15 microns on average. Any streaming concerns would therefore be drastically
reduced.

Analyses performed by Holtec International show that the streaming due to particle size is
practically non-existent in METAMIC®. Further, EPRI's neutron attenuation measurements on 31
and 15 B4C weight percent METAMIC® showed that METAMIC® exhibits very uniform 10B areal
density. This makes it easy to reliably establish and verify the presence and microscopic and
macroscopic uniformity of the 10B in the material. Therefore, 90% credit is applied to the minimum
'°B areal density in the criticality calculations, i.e. a 10% penalty is applied. This 10% penalty is
considered conservative since there are no significant remaining uncertainties in the 1°B areal
density. In Chapter 9 the qualification and on production tests for METAMIC® to support 90% °0B
credit are specified. With 90% credit, the target weight percent of boron carbide in METAMIC® is
31 for all MPCs, as summarized in Table 1.2.8, consistent with the test coupons used in the EPRI
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evaluations [1.2.11]. The maximum permitted value is 33.0 wt% to allow for necessary fabrication
flexibility.

Because METAMIC® is a solid material, there is no capillary path through which spent fuel pool
water can penetrate METAMIC® panels and chemically react with aluminum in the interior of the
material to generate hydrogen. Any chemical reaction of the outer surfaces of the METAMIC®
neutron absorber panels with water to produce hydrogen occurs rapidly and reduces to an
insignificant amount in a short period of time. Nevertheless, combustible gas monitoring for
METAMIC® -equipped MPCs and purging or exhausting the space under the MPC lid during
welding and cutting operations, is required until sufficient field experience is gained that confirms
that little or no hydrogen is released by METAMIC® during these operations.

Mechanical properties of 31 wt.% METAMIC® based on coupon tests of the material in the as-
fabricated condition and after 48 hours of an elevated temperature state at 900'F are summarized
below from the EPRI report [1.2.11].

Mechanical Properties of 31 wt.% B 4C METAMIC

Property As-Fabricated After 48 hours of 900'F
Temperature Soak

Yield Strength (psi) 32937 ± 3132 28744 ± 3246
Ultimate Strength (psi) 40141 ± 1860 34608 ± 1513
Elongation (%) 1.8 ± 0.8 5.7 ± 3.1

The required flexural strain of the neutron absorber to ensure that it will not fracture when the
supporting basket wall flexes due to the worst case lateral loading is 0.2%, which is the flexural
strain of the Alloy X basket panel material. The 1% minimum elongation of 31wt.% B4 C

METAMIC® indicated by the above table means that a large margin of safety against cracking
exists, so there is no need to perform testing of the METAMIC® for mechanical properties.

EPRI's extensive characterization effort [1.2.11], which was focused on 15 and 31 wt.% B4C
METAMIC® served as the principal basis for a recent USNRC SER for 31 wt.% B4C METAMIC for
used in wet storage [1.2.12]. Additional studies on METAMIC® [1.2.13], EPRI's and others work
provide the confidence that 3 1 wt.% B4C METAMIC® will perform its intended function in the
MPCs.

1.2.1.3.1.3 Locational Fixity of Neutron Absorbers

Both Boral and METAMIC® neutron absorber panels are completely enclosed in Alloy X (stainless
steel) sheathing that is stitch welded to the MPC basket cell walls along their entire periphery. The
edges of the sheathing are bent toward the cell wall to make the edge weld. Thus, the neutron
absorber is contained in a tight, welded pocket enclosure. The shear strength of the pocket weld
joint, which is an order of magnitude greater than the weight of a fuel assembly, guarantees that the
neutron absorber and its enveloping sheathing pocket will maintain their as-installed position under
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all loading, storage, and transient evolutions. Finally, the pocket joint detail ensures that fuel
assembly insertion or withdrawal into or out of the MPC basket will not lead to a disconnection of
the sheathing from the cell wall.

1.2.1.3.2 Neutron Shielding

The specification of the HI-STORM overpack and HI-TRAC transfer cask neutron shield material is
predicated on functional performance criteria. These criteria are:

" Attenuation of neutron radiation to appropriate levels;

* Durability of the shielding material under normal conditions, in terms of thermal, chemical,
mechanical, and radiation environments;

* Stability of the homogeneous nature of the shielding material matrix;

* Stability of the shielding material in mechanical or thermal accident conditions to the desired
performance levels; and

* Predictability of the manufacturing process under adequate procedural control to yield an in-
place neutron shield of desired function and uniformity.

Other aspects of a shielding material, such as ease of handling and prior nuclear industry use, are
also considered, within the limitations of the main criteria. Final specification of a shield material is
a result of optimizing the material properties with respect to the main criteria, along with the design
of the shield system, to achieve the desired shielding results.

Neutron attenuation in the HI-STORM overpack is provided by the thick walls of concrete contained
in the steel vessel, lid, and pedestal (only for the HI-STORM 100 and -lO0S overpack designs).
Concrete is a shielding material with a long proven history in the nuclear industry. The concrete
composition has been specified to ensure its continued integrity at the long term temperatures
required for SNF storage.

The HI-TRAC transfer cask is equipped with a water jacket providing radial neutron shielding.
Demineralized water will be utilized in the water jacket. To ensure operability for low temperature
conditions, ethylene glycol (25% in solution) will be added to reduce the freezing point for low'
temperature operations (e.g., below 32TF) [1.2.7].

Neutron shielding in the HI-TRAC 125 and 125D transfer casks in the axial direction is provided by
Holtite-A within the top lid. HI-TRAC 125 also contains Holtite-A in the transfer lid. Holtite-A is a
poured-in-place solid borated synthetic neutron-absorbing polymer. Holtite-A is specified with a
nominal B4C loading of 1 weight percent for the HI-STORM 100 System. Appendix 1 .B provides
the Holtite-A material properties germane to its function as a neutron shield. Holtec has performed
confirmatory qualification tests on Holtite-A under the company's QA program.
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In the following, a brief summary of the performance characteristics and properties of Holtite-A is
provided.

Densitjy

The specific gravity of Holtite-A is 1.68 g/cm 3 as specified in Appendix 1.B. To conservatively
bound any potential weight loss at the design temperature and any inability to reach the theoretical
density, the density is reduced by 4% to 1.61 g/cm 3. The density used for the shielding analysis is
conservatively assumed to be 1.61 g/cm3 to underestimate the shielding capabilities of the neutron
shield.

Hydrogen

The weight concentration of hydrogen is 6.0%. However, all shielding analyses conservatively
assume 5.9% hydrogen by weight in the calculations.

Boron Carbide

Boron carbide dispersed within Holtite-A in finely dispersed powder form is present in 1%
(nominal) weight concentration. Holtite-A may be specified with a B 4C content of up to 6.5 weight
percent. For the HI-STORM 100 System, Holtite-A is specified with a nominal B4C weight percent
of 1%.

Design Temperature

The design temperatures of Holtite-A are provided in Table 1.B.1.. The maximum spatial
temperatures of Holtite-A under all normal operating conditions must be demonstrated to be below
these design temperatures, as applicable.

Thermal Conductivity

The Holtite-A neutron shielding material is stable below the design temperature for the long term
and provides excellent shielding properties for neutrons. A conservative, lower bound conductivity
is stipulated for use in the thermal analyses of Chapter 4 (Section 4.2) based on information in the
technical literature.
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1.2.1.3.3 Gamma Shielding Material

For gamma shielding, the HI-STORM 100 storage overpack primarily relies on massive concrete
sections contained in a robust steel vessel. A carbon steel plate, the shield shell, is located adjacent
to the overpack inner shell to provide additional gamma shielding (Figure 1.2.7)t. Carbon steel
supplements the concrete gamma shielding in most portions of the storage overpack, most notably
the pedestal (HI-STORM 100 and -1OOS overpack designs only) and the lid. To reduce the radiation
streaming through the overpack air inlets and outlets, gamma shield cross plates are installed in the
ducts (Figures 1.2.8 and 1.2.8A) to scatter the radiation. This scattering acts to significantly reduce
the local dose rates adjacent to the overpack air inlets and outlets. See Figure 5.3.19 and the
drawings in Section 1.5 for more details of the gamma shield cross plate designs for each overpack
design.

In the HI-TRAC transfer cask, the primary gamma shielding is provided by lead. As in the storage
overpack, carbon steel supplements the lead gamma shielding of the HI-TRAC transfer cask.

1.2.1.4 Lifting Devices

Lifting of the HI-STORM 100 System may be accomplished either by attachment at the top of the
storage overpack ("top lift"), as would typically be done with a crane, or by attachment at the bottom
("bottom lift"), as would be effected by a number of lifting/handling devices.

For a top lift, the storage overpack is equipped with four threaded anchor blocks arranged
circumferentially around the overpack. These anchor blocks are used for overpack lifting as well as
securing the overpack lid to the overpack body. The storage overpack may be lifted with a lifting
device that engages the anchor blocks with threaded studs and connects to a crane or similar
equipment.

A bottom lift of the HI-STORM 100 storage overpack is effected by the insertion of four hydraulic
jacks underneath the inlet vent horizontal plates (Figure 1.2.1). A slot in the overpack baseplate
allows the hydraulic jacks to be placed underneath the inlet vent horizontal plate. The hydraulic
jacks lift the loaded overpack to provide clearance for inserting or removing a device for
transportation.

The standard design HI-TRAC transfer cask is equipped with two lifting trunnions and two pocket
trunnions. The HI-TRAC 100D and 125D are equipped with only lifting trunnions. The lifting
trunnions are positioned just below the top forging. The two pocket trunnions are located above the
bottom forging and attached to the outer shell. The pocket trunnions are designed to allow rotation of
the HI-TRAC. All trunnions are built from a high strength alloy with proven corrosion and non-
galling characteristics. The lifting trunnions are designed in accordance with NUREG-0612 and

I The shield shell design feature was deleted in June, 2001 after overpack serial number 7 was fabricated. Those

overpacks without the shield shell are required to have a higher concrete density in the overpack body to provide
compensatory shielding. See Table I.D. 1.
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ANSI N14.6. The lifting trunnions are installed by threading into tapped holes just below the top
forging.

The top of the MPC lid is equipped with four threaded holes that allow lifting of the loaded MPC.
These holes allow the loaded MPC to be raised/lowered through the HI-TRAC transfer cask using
lifting cleats. The threaded holes in the MPC lid are designed in accordance with NUREG-0612 and
ANSI N14.6.

1.2.1.5 Design Life

The design life of the HI-STORM 100 System is 40 years. This is accomplished by using material of
construction with a long proven history in the nuclear industry and specifying materials known to
withstand their operating environments with little to no degradation. A maintenance program, as
specified in Chapter 9, is also implemented to ensure the HI-STORM 100 System will exceed its
design life of 40 years. The design considerations that assure the HI-STORM 100 System performs
as designed throughout the service life include the following:

HI-STORM Overpack and HI-TRAC Transfer Cask

* Exposure to Environmental Effects
* Material Degradation
* Maintenance and Inspection Provisions

MPC

* Corrosion
* Structural Fatigue Effects
* Maintenance of Helium Atmosphere
" Allowable Fuel Cladding Temperatures
* Neutron Absorber Boron Depletion

The adequacy of the HI-STORM 100 System for its design life is discussed in Sections 3.4.11 and
3.4.12.

1.2.2 Operational Characteristics

1.2.2.1 Design Features

The HI-STORM 100 System incorporates some unique design improvements. These design
innovations have been developed to facilitate the safe long term storage of SNF. Some of the design
originality is discussed in Subsection 1.2.1 and below.

The free volume of the MPCs is inerted with 99.995% pure helium gas during the spent nuclear fuel
loading operations. Table 1.2.2 specifies the helium fill requirements for the MPC internal cavity.
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The HI-STORM overpack has been designed to synergistically combine the benefits of steel and
concrete. The steel-concrete-steel construction of the HI-STORM overpack provides ease of
fabrication, increased strength, and an optimal radiation shielding arrangement. The concrete is
primarily provided for radiation shielding and the steel is primarily provided for structural functions.

The strength of concrete in tension and shear is conservatively neglected. Only the compressive
strength of the concrete is accounted for in the analyses.

The criticality control features of the HI-STORM 100 are designed to maintain the neutron
multiplication factor k-effective (including uncertainties and calculational bias) at less than 0.95
under all normal, off-normal, and accident conditions of storage as analyzed in Chapter 6. This level
of conservatism and safety margins is maintained, while providing the highest storage capacity.

1,2.2.2 Sequence of Operations

Table 1.2.6 provides the basic sequence of operations necessary to defuel a spent fuel pool using the
HI-STORM 100 System. The detailed sequence of steps for storage-related loading and handling
operations is provided in Chapter 8 and is supported by the drawings in Section 1.5. A summary of
the general actions needed for the loading and unloading operations is provided below. Figures
1.2.16 and 1.2.17 provide a pictorial view of typical loading and unloading operations, respectively.

Loading Operations

Atthe start of loading operations, the HI-TRAC transfer cask is configured with the pool lid
installed. The HI-TRAC water jacket is filled with demineralized water or a 25% ethylene glycol
solution depending on the ambient temperature conditions. The lift yoke is used to position HI-
TRAC in the designated preparation area or setdown area for HI-TRAC inspection and MPC,
insertion. The annulus is filled with plant demineralized water, and an inflatable annulus seal is
installed. The inflatable seal prevents contact between spent fuel pool water and the MPC shell
reducing the possibility of contaminating the outer surfaces of the MPC. The MPC is then filled with
water (borated if necessary). Based on the MPC model and fuel enrichment, this may be borated
water or plant demineralized water (see Section 2.1). HI-TRAC and the MPC are lowered into the
spent fuel pool for fuel loading using the lift yoke. Pre-selected assemblies are loaded into the MPC
and a visual verification of the assembly identification is performed.

While still underwater, a thick shielding lid (the MPC lid) is installed. The lift yoke is remotely
engaged to the HI-TRAC lifting trunnions and is used to lift the HI-TRAC close to the spent fuel
pool surface. As an ALARA measure, dose rates are measured on the top of the HI-TRAC and MPC
prior to removal from the pool to check for activated debris on the top surface. The MPC lift bolts
(securing the MPC lid to the lift yoke) are removed. As HI-TRAC is removed from the spent fuel
pool, the lift yoke and HI-TRAC are *sprayed with demineralized water to help remove
contamination.
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HI-TRAC is removed from the pool and placed in the designated preparation area. The top surfaces
of the MPC lid and the upper flange of HI-TRAC are decontaminated. The inflatable annulus seal is
removed, and an annulus shield is installed. The annulus shield provides additional personnel
shielding at the top of the annulus and also prevents small items from being dropped into the
annulus. The Automated Welding System baseplate shield (if used) is installed to reduce dose rates
around the top of the cask. The MPC water level is lowered slightly and the MPC lid is seal-welded
using the Automated Welding System (AWS) or other approved welding process. Liquid penetrant
examinations are performed on the root and final passes. A multi-layer liquid penetrant or
volumetric examination is also performed on the MPC lid-to-shell weld. The MPC water is displaced
from the MPC by blowing pressurized helium or nitrogen gas into the vent port of the MPC, thus
displacing the water through the drain line. At the appropriate time in the sequence of activities,
based on the type of test performed (hydrostatic or pneumatic), a pressure test of the MPC enclosure
vessel is performed.

For MPCs containing all moderate burnup fuel, a Vacuum Drying System (VDS) may be used to
remove moisture from the MPC cavity. The VDS is connected to the MPC and is used to remove
liquid water from the MPC in a stepped evacuation process. The stepped evacuation process is used
to preclude the formation of ice in the MPC and Vacuum Drying System lines. The internal pressure
is reduced and held for a duration to ensure that all liquid water has evaporated. This process is
continued until the pressure in the MPC meets the technical specification limit and can be held there
for the required amount of time.

For storage of high burnup fuel and as an option for storage of moderate burnup fuel, the reduction
of residual moisture in the MPC to trace amounts is accomplished using a Forced Helium
Dehydration (FHD) system, as described in Appendix 2.B. Relatively warm and dry helium is
recirculated through the MPC cavity, which helps maintain the SNF in a cooled condition while
moisture is being removed. The warm, dry gas is supplied to the MPC drain port and circulated
through the MPC cavity where it absorbs moisture. The humidified gas travels out of the MPC and
through appropriate equipment to cool and remove the absorbed water from the gas. The dry gas
may be heated prior to its return to the MPC in a closed loop system to accelerate the rate of
moisture removal in the MPC. This process is continued until the temperature of the gasexiting the
demoisturizing module described in Appendix 2.B meets the specified limit.

Following moisture removal, the MPC is backfilled with a predetermined amount of helium gas. The
helium backfill ensures adequate heat transfer during storage and provides an inert atmosphere for
long-term fuel integrity. Cover plates are installed and seal-welded over the MPC vent and drain
ports with liquid penetrant examinations performed on the root and final passes. The cover plates
are helium leakage tested to confirm that they meet the established leakage rate criteria.

The MPC closure ring is then placed on the MPC, aligned, tacked in place, and seal welded,
providing redundant closure of the MPC lid and cover plates confinement closure welds. Tack welds
are visually examined, and the root and final welds are inspected using the liquid penetrant
examination technique to ensure weld integrity. The annulus shield is removed and the remaining
water in the annulus is drained. The AWS Baseplate shield is removed. The MPC lid and accessible
areas of the top of the MPC shell are smeared for removable contamination and HI-TRAC dose rates
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are measured. The HI-TRAC top lid is installed and the bolts are torqued. The MPC lift cleats are
installed on the MPC lid. The MPC lift cleats are the primary lifting point of the MPC.

Rigging is installed between the MPC lift cleats and the lift yoke: . The rigging supports the MPC
within HI-TRAC while the pool lid is replaced with the transfer lid. For the standard design transfer
cask, the HI-TRAC is manipulated to replace the pool lid with the transfer lid. The MPC lift cleats
and rigging support the MPC during the transfer operations.

MPC transfer from the HI-TRAC transfer cask into the overpack may be performed inside or outside
the fuel building. Similarly, HI-TRAC and HI-STORM may be transferred to the ISFSI in several
different ways. The loaded HI-TRAC may be handled in the vertical or horizontal orientation. The
loaded HI-STORM can only be handled vertically.

For MPC transfers inside the fuel building, the empty HI-STORM overpack is inspected and staged
with the lid removed, the alignment device positioned, and, for the HI-STORM 100 overpack, the
vent duct shield inserts installed. If using HI-TRAC 1 OD or 125D, the HI-STORM mating device is
placed (bolted if required by generic or site specific seismic evaluation) to the top of the empty
overpack (Figure 1.2.18). The loaded HI-TRAC is placed using the fuel building crane on top of HI-
STORM, or the mating device, as applicable. After the HI-TRAC is positioned atop the HI-STORM
or positioned (bolted if required by generic or site specific seismic evaluation) atop the mating
device, as applicable, the MPC is raised slightly. With the standard HI-TRAC design, the transfer lid
door locking pins are removed and the doors are opened. With the HI-TRAC 100D and 125D, the
pool lid is removed using the mating device. The MPC is lowered into HI-STORM. Following
verification that the MPC is fully lowered, slings are disconnected and lowered onto the MPC lid.
For the HI-STORM 100, the doors are closed and the HI-TRAC is prepared for removal from on top
of HI-STORM (with HI-TRAC 100D and 125D, the transfer cask must first be disconnected from
the mating device). For the HI-STORM 1OGS and HI-STORM lOGS Version B, the standard design
HI-TRAC may need to be lifted above the overpack to a height sufficient to allow closure of the
transfer lid doors without interfering with the MPC lift cleats. The HI-TRAC is then removed and
placed in its designated storage location. The MPC lift cleats and slings are removed from atop the
MPC. The alignment device, vent duct shield inserts, and/or mating device is/are removed, as
applicable. The pool lid is removed from the mating device and re-attached to the HI-TRAC 100GD or
125D prior to its next use. The HI-STORM lid is installed, and the upper vent screens and gamma
shield cross plates are installed. The HI-STORM lid studs are installed and torqued.

For MPC transfers outside of the fuel building, the empty HI-STORM overpack is inspected and
staged with the lid removed, the alignment device positioned, and, for the HI-STORM 100, the vent
duct shield inserts installed. For HI-TRAC 1 OD and 125D, the mating device is positioned (bolted
if required by generic or site specific seismic evaluation) atop the overpack. The loaded HI-TRAC is
transported to the cask transfer facility in the vertical or horizontal orientation. A number of methods
may be utilized as long as the handling limitations prescribed in the technical specifications are not
exceeded.

To place the loaded HI-TRAC in a horizontal orientation, a transport frame or "cradle" is utilized. If
the cradle is equipped with rotation trunnions they are used to engage the HI-TRAC 100 or 125
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pocket trunnions. While the loaded HI-TRAC is lifted by the lifting trunnions, the HI-TRAC is
lowered onto the cradle rotation trunnions. Then, the crane lowers and the HI-TRAC pivots around
the pocket trunnions and is placed in the horizontal position in the cradle.

The HI-TRAC 1 GOD and 125D do not include pocket trunnions in their designs. Therefore, the user
must downend the transfer cask onto the transport frame using appropriately designed rigging in
accordance with the site's heavy load control program.

If the loaded HI-TRAC is transferred to the cask transfer facility in the horizontal orientation, the
HI-TRAC transport frame and/or cradle are placed on a transport vehicle. The transport vehicle may
be an air pad, railcar, heavy-haul trailer, dolly, etc. If the loaded HI-TRAC is transferred to the cask
transfer facility in the vertical orientation, the HI-TRAC may be lifted by the lifting trunnions or
seated on the transport vehicle. During the transport of the loaded HI-TRAC, standard plant heavy
load handling practices shall be applied including administrative controls for the travel path and tie-
down mechanisms.

For MPCs containing any HBF, the Supplemental Cooling System (SCS) is required to be
operational during the time the loaded and backfilled MPC is in HI-TRAC to ensure fuel cladding

.temperatures remain within limits. The SCS is discussed in detail in Section 4.5 and the design
criteria for the system are provided in Appendix 2.C. The SCS is not required when the MPC is
inside the overpack, regardless of decay heat load.

After the loaded HI-TRAC arrives at the cask transfer facility, the HI-TRAC is upended by a crane if
the HI-TRAC is in a horizontal orientation. The loaded HI-TRAC is then placed, using the crane
located in the transfer area, on top of HI-STORM, which has been inspected and staged with the lid
removed, vent duct shield inserts installed, the alignment device positioned, and the mating device
installed, as applicable.

After the HI-TRAC is positioned atop the HI-STORM or the mating device, the MPC is raised
slightly. In the standard design, the transfer lid door locking pins are removed and the doors are
opened. With the HI-TRAC IOOD and 125D, the pool lid is removed using the mating device. The
MPC is lowered into HI-STORM. Following verification that the MPC is fully lowered, slings are
disconnected and lowered onto the MPC lid. For the HI-STORM 100, the doors are closed and HI-
TRAC is removed from on top of HI-STORM or disconnected from the mating device, as applicable.

For the HI-STORM 100S and the HI-STORM lOGS Version B, the standard design HI-TRAC may
need to be lifted above the overpack to a height sufficient to allow closure of the transfer lid doors
without interfering with the MPC lift cleats. The HI-TRAC is then removed and placed in its
designated storage location. The MPC lift cleats and slings are removed from atop the MPC. The
alignment device, vent duct shield inserts, and mating device is/are removed, as applicable. The pool
lid is removed from the mating device and re-attached to the HI-TRAC IOOD or 125D prior to its
next use. The HI-STORM lid is installed, and the upper vent screens and gamma shield cross plates
are installed. The HI-STORM lid studs and nuts are installed.

After the HI-STORM has been loaded either within the fuel building or at a dedicated cask transfer
facility, the HI-STORM is then moved to its designated position on the ISFSI pad. The HI-STORM

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
REPORT HI-2002444 1.2-25

HI-STORM 100 Rev. 5 - 6/21/07



overpack may be moved using a number of methods as long as the handling limitations listed in the
technical specifications are not exceeded. The loaded HI-STORM must be handled in the vertical
orientation, and may be lifted from the top by the anchor blocks or from the bottom by the inlet
vents. After the loaded HI-STORM is lifted, it may be placed on a transport mechanism or continue
to be lifted by the lid studs and transported to the storage location. The transport mechanism may be
an air pad, crawler, railcar, heavy-haul trailer, dolly, etc. During the transport of the loaded HI-
STORM, standard plant heavy load handling practices shall be applied including administrative
controls for the travel path and tie-down mechanisms. Once in position at the storage pad, vent
operability testing is performed to ensure that the system is functioning within its design parameters.

In the case of HI-STORM 100A, the anchor studs are installed and fastened into the anchor
receptacles in the ISFSI pad in accordance with the design requirements.

Unloading Operations

The HI-STORM 100 System unloading procedures describe the general actions necessary to prepare
the MPC for unloading, cool the stored fuel assemblies in the MPC, flood the MPC cavity, remove
the lid welds, unload the spent fuel assemblies, and recover HI-TRAC and empty the MPC. Special
precautions are outlined to ensure personnel safety during the unloading operations, and to prevent
the risk of MPC overpressurization and thermal shock to the stored spent fuel assemblies.

The MPC is recovered from HI-STORM either at the cask transfer facility or the fuel building using
any of the methodologies described in Section 8.1. The HI-STORM lid is removed, the alignment
device positioned, and, for the HI-STORM 100, the vent duct shield inserts are installed, and the
MPC lift cleats are attached to the MPC. For HI-TRAC IOD and 125D, the mating device is
installed. Rigging is attached to the MPC lift cleats. For the HI-STORM IOOS and HI-STORM IOOS
Version B with the standard HI-TRAC design, the transfer doors may need to be opened to avoid
interfering with the MPC lift cleats. For the HI-TRAC IOOD and 125D, the mating device (possibly
containing the pool lid) is secured to the top of the overpack. HI-TRAC is raised and positioned on
top of HI-STORM or bolted (if necessary) to the mating device, as applicable. For the HI-TRAC
IOOD and 125D, the pool lid is ensured to be out of the transfer path for the MPC. The MPC is
raised into HI-TRAC. Once the MPC is raised into HI-TRAC, the standard design HI-TRAC transfer
lid doors are closed and the locking pins are installed. For the HI-TRAC IOOD and 125D, the pool
lid is installed and the transfer cask is unsecured from the mating device. HI-TRAC is removed from
on top of HI-STORM. As required based on the presence of high burnup fuel, the Supplemental
Cooling System is installed and placed into operation.

The HI-TRAC is brought into the fuel building and, for the standard design, manipulated for bottom
lid replacement. The transfer lid is replaced with the pool lid. The MPC lift cleats and rigging
support the MPC during lid transfer operations.

HI-TRAC and its enclosed MPC are returned to the designated preparation area and the rigging,
MPC lift cleats, and HI-TRAC top lid are removed. The annulus is filled with plant demineralized
water (borated, if necessary). The annulus and HI-TRAC top surfaces are protected from debris that
will be produced when removing the MPC lid.
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The MPC closure ring and vent and drain port cover plates are core drilled. Local ventilation is
established around the MPC ports. The RVOAs are attached to the vent and drain port. The RVOAs
allow access to the inner cavity of the MPC, while providing a hermetic seal. The MPC is flooded
with borated or unborated water, as required.. The MPC lid-to-MPC shell weld is removed. Then, all
weld removal equipment is removed with the MPC lid left in place.

The MPC lid is rigged to the lift yoke and the lift yoke is engaged to HI-TRAC lifting trunnions. If
weight limitations require, the neutron shield jacket is drained. HI-TRAC is placed in the spent fuel
pool and the MPC lid is removed. All fuel assemblies are returned to the spent fuel storage racks and
the MPC fuel cells are vacuumed to remove any assembly debris. HI-TRAC and MPC are returned
to the designated preparation area where the MPC water is removed. The annulus water is drained
and the MPC and HI-TRAC are decontaminated in preparation for re-utilization.

1.2.2.3 Identification of Subiects for Safety and Reliability Analysis

1.2.2.3.1 Criticality Prevention

Criticality is controlled by geometry and neutron absorbing materials in the fuel basket. The MPC-
24/24E/24EF (all with lower enriched fuel) and the MPC-68/68F/68FF do not rely on soluble boron
credit during loading or the assurance that water cannot enter the MPC during storage to meet the
stipulated criticality limits.

Each MPC model is equipped with neutron absorber plates affixed to the fuel cell walls as shown on
the drawings in Section 1.5. The minimum 1°B areal density specified for the neutron absorber in
each MPC model is shown in Table 1.2.2. These values are chosen to be consistent with the
assumptions made in the criticality analyses.

The MPC-24, MPC-24E and 24EF (all with higher enriched fuel) and the MPC-32 and MPC-32F
take credit for soluble boron in the MPC water for criticality prevention during wet loading and
unloading operations. Boron credit is only necessary for these PWR MPCs during loading and
unloading operations that take place under water. During storage, with the MPC cavity dry and
sealed from the environment, criticality control measures beyond the fixed neutron poisons affixed
to the storage cell walls are not necessary because of the low reactivity of the fuel in the dry, helium
filled canister and the design features that prevent water from intruding into the canister during
storage.

1.2.2.3.2 Chemical Safety

There are no chemical safety hazards associated with operations of the HI-STORM 100 dry storage
system. A detailed evaluation is provided in Section 3.4.
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1.2.2.3.3 Operation Shutdown Modes

The I4H-STORM 100 System is totally passive and consequently, operation shutdown modes are
unnecessary. Guidance is provided in Chapter 8, which outlines the HI-STORM 100 unloading
procedures, and Chapter 11, which outlines the corrective course of action in the wake of postulated
accidents.

1.2.2.3.4 Instrumentation

As stated earlier, the HI-STORM 100 confinement boundary is the MPC, which is seal welded, non-
destructively examined and pressure tested. The HI-STORM 100 is a completely passive system
with appropriate margins of safety; therefore, it is not necessary to deploy any instrumentation to
monitor the cask in the storage mode. At the option of the user, temperature elements may be
utilized to monitor the air temperature of the HI-STORM overpack exit vents in lieu of routinely
inspecting the ducts for blockage. See Subsection 2.3.3.2 for additional details.

1.2.2.3.5 Maintenance Technicque

Because of their passive nature, the HI-STORM 100 System requires minimal maintenance over its
lifetime. No special maintenance program is required. Chapter 9 describes the acceptance criteria
and maintenance program set forth for the HI-STORM 100.

1.2.3 Cask Contents

The HI-STORM 100 System is designed to house different types of MPCs. The MPCs are designed
to store both BWR and PWR spent nuclear fuel assemblies. Tables 1.2.1 and 1.2.2 provide key
system data and parameters for the MPCs. A description of acceptable fuel assemblies for storage in
the MPCs is provided in Section 2.1. This includes fuel assemblies classified as damaged fuel
assemblies and fuel debris in accordance with the definitions of these terms in Table 1.0.1. A
summary of the types of fuel authorized for storage in each MPC model is provided below. All fuel
assemblies, non-fuel hardware, and neutron sources must meet the fuel specifications provided in
Section 2.1. All fuel assemblies classified as damaged fuel or fuel debris must be stored in damaged
fuel containers.

MPC-24

The MPC-24 is designed to accommodate up to twenty-four (24) PWR fuel assemblies classified as
intact fuel assemblies, with or without non-fuel hardware.

MPC-24E

The MPC-24E is designed to accommodate up to twenty-four (24) PWR fuel assemblies, with or
without non-fuel hardware. Up to four (4) fuel assemblies may be classified as damaged fuel
assemblies, with the balance being classified as intact fuel assemblies. Damaged fuel assemblies
must be stored in fuel storage locations 3, 6, 19, and/or 22 (see Figure 1.2.4).
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MPC-24EF

The MPC-24EF is designed to accommodate up to twenty-four (24) PWR fuel assemblies, with or
without non-fuel hardware. Up to four (4) fuel assemblies may be classified as damaged fuel
assemblies or fuel debris, with the balance being classified as intact fuel assemblies. Damaged fuel
assemblies and fuel debris must be stored in fuel storage locations 3, 6, 19, and/or 22 (see Figure
1.2.4).

MPC-32

The MPC-32 is designed to accommodate up to thirty-two (32) PWR fuel assemblies with or without
non-fuel hardware. Up to eight (8) of these assemblies may be classified as damaged fuel
assemblies, with the balance being classified as intact fuel ftssemblies. Damaged fuel assemblies
must be stored in fuel storage locations 1, 4, 5, 10, 23, 28, 29, and/or 32 (see Figure 1.2.3).

MPC-32F

The MPC-32F is designed to store up to thirty two (32) PWR fuel assemblies with or without non-
fuel hardware. Up to eight (8) of these assemblies may be classified as damaged fuel assemblies or
fuel debris, with the balance being classified as intact fuel assemblies. Damaged fuel assemblies and
fuel debris must be stored in fuel storage locations 1, 4, 5, 10, 23, 28, 29, and/or 32 (see Figure
1.2.3).

MPC-68

The MPC-68 is designed to accommodate up to sixty-eight (68) BWR intact and/or damaged fuel
assemblies, with or without channels. For the Dresden Unit 1 or Humboldt Bay plants, the
number of damaged fuel assemblies may be up to a total of 68. For damaged fuel assemblies
from plants other than Dresden Unit 1 and Humboldt Bay, the number of damaged fuel
assemblies is limited to sixteen (16) and must be stored in fuel storage locations 1, 2, 3, 8, 9, 16,
25, 34, 35, 44, 53, 60, 61, 66, 67, and/or 68 (see Figure 1.2.2).

MPC-68F

The MPC-68F is designed to accommodate up to sixty-eight (68) Dresden Unit 1 or Humboldt
Bay BWR fuel ,assemblies (with or without channels) made up of any combination of fuel
assemblies classified as intact fuel assemblies, damaged fuel assemblies, and up to four (4) fuel
assemblies classified as fuel debris.

MPC-68FF

The MPC-68FF is designed to accommodate up to sixty-eight (68) BWR fuel assemblies with or
without channels. Any number of these fuel assemblies may be Dresden Unit 1 or Humboldt
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Bay BWR fuel assemblies classified as intact fuel or damaged fuel. Dresden Unit 1 and
Humboldt Bay fuel debris is limited to eight (8) DFCs. DFCs containing Dresden Unit 1 or
Humboldt Bay fuel debris may be stored in any fuel storage location. For BWR fuel assemblies
from plants other than Dresden Unit I and Humboldt Bay, the total number of fuel assemblies
classified as damaged fuel assemblies or fuel debris is limited to sixteen (16), with up to eight
(8) of the 16 fuel assemblies classified as fuel debris. These fuel assemblies must be stored in
fuel storage locations 1, 2, 3, 8, 9, 16, 25, 34, 35, 44, 53, 60, 61, 66, 67, and/or 68 (see Figure
1.2.2). The balance of the fuel storage locations may be filled with intact BWR fuel assemblies,
up to a total of 68.
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Table 1.2.1

KEY SYSTEM DATA FOR HI-STORM 100 SYSTEM

ITEM QUANTITY NOTES

Types of MPCs included in this 8 5 for PWR

revision of the submittal 3 for BWR

MPC-24
MPC storage capacityt:

MPC-24E

MPC-24EF

MPC-32

MPC-32F

Up to 24 intact ZR or stainless
steel clad PWR fuel assemblies
with or without non-fuel
hardware. Up to four damaged
fuel assemblies may be stored in
the MPC-24E and up to four (4)
damaged fuel assemblies and/or
fuel assemblies classified as fuel
debris may be stored in the MPC-
24EF

OR

Up to 32 intact ZR or stainless
steel clad PWR fuel assemblies
with or without non-fuel
hardware. Up to 8 damaged fuel
assemblies may be stored in the
MPC-32 and up to 8 damaged
fuel assemblies and/or fuel
assemblies classified as fuel
debris may be stored in the MPC-
32F.

MPC-68 Any combination of Dresden
Unit I or Humboldt Bay
damaged fuel assemblies in
damaged fuel containers and
intact fuel assemblies, up to a
total of 68. For damaged fuel
other than Dresden Unit I and
Humboldt Bay, the number of
fuel assemblies is limited to 16,
with the balance being intact fuel
assemblies.

OR

t See Section 2.1 for a complete description of authorized cask contents and fuel specifications.
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Table 1.2.1 (continued)
KEY SYSTEM DATA FOR HI-STORM 100 SYSTEM

ITEM QUANTITY I NOTES
MPC storage capacity: MPC-68F

MPC-68FF

Up to 4 damaged fuel containers
with ZR clad Dresden Unit 1 (D-
1) or Humboldt Bay (HB) BWR
fuel debris and the complement
damaged ZR clad Dresden Unit 1
or Humboldt Bay BWR fuel
assemblies in damaged fuel
containers or intact Dresden Unit
I or Humboldt Bay BWR intact
fuel assemblies.

OR

Up to 68 Dresden Unit I or
Humboldt Bay intact fuel or
damaged fuel and up to 8
damaged fuel containers
containing D-1 or HB fuel debris.
For other BWR plants, up to 16
damaged fuel containers
containing BWR damaged fuel
and/or fuel debris with the
complement intact fuel
assemblies, up to a total of 68.
The number of damaged fuel
containers containing BWR fuel
debris is limited to eight (8) for
all BWR plants.
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Table 1.2.2

KEY PARAMETERS FOR HI-STORM 100 MULTI-PURPOSE CANISTERS

PWR BWR
Pre-disposal service life (years) 40 40
Design temperature, max./min. (°F) 7 2 5 0t/-4 0 0t" 7 2 5 0t/- 4 0 0t"

Design internal pressure (psig)
Normal conditions 100 100
Off-normal conditions 110 110
Accident Conditions 200 200

Total heat load, max. (kW) 28.74 28.19
Maximum permissible peak fuel
cladding temperature:

Long Term Normal ('F) 752 752
Short Term Operations (°F) 752 or 1058... 752 or 1058...
Off-normal and Accident (OF) 1058 1058

t Maximum normal condition design temperatures for the MPC fuel basket. A complete

listing of design temperatures for all components is provided in Table 2.2.3.

tt Temperature based on off-normal minimum environmental temperatures specified in

Section 2.2.2.2 and no fuel decay heat load.

ttt See Section 4.5 for discussion of the applicability of the 1058°F temperature limit during

MPC drying.
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Table 1.2.2 (cont'd)

KEY PARAMETERS FOR HI-STORM 100 MULTI-PURPOSE CANISTERS

PWR BWR
MPC internal environment Helium (all pressure ranges are at a (all pressure ranges are at a
fill reference temperature of reference temperature of 70'F)
(99.995% fill helium purity) 70°F)

MPC-24 _ 29.3 psig and < 33.3 psig
(heat load < 27.77 kW) OR

0.1212 +/-10% g-moles/liter

MPC-24E/24EF > 29.3 psig and < 33.3 psig
(heat load < 28.17 kW) OR

0.1212 +/-10% g-moles/liter

MPC-68/68F/68FF > 29.3 psig and < 33.3 psig
(heat load < 28.19 kW) OR

0.1218 +/-10% g-moles/liter

MPC-32/32F > 29.3 psig and < 33.3 psig
(heat load < 28.74 kW) OR

0.1212 +/-10% g-moles/liter

Maximum permissible
multiplication factor (k tT)95
including all uncertainties and
biases

Fixed Neutron Absorber 1°B 0.0267/0.0223 (MPC-24) 0.0372/0.0310

Areal Density (g/cm 2) 0.0372/0.0310 (MPC-24E, (MPC-68 & MPC-68FF)

MPC-24EF MPC-32 & 0.01/NA (MPC-68F) (See Note
Boral/Metamic MPC-32F) 1)

End closure(s) Welded Welded
Fuel handling Opening compatible with Opening compatible with standard

standard grapples grapples

Heat dissipation Passive Passive

NOTES:

1. All MPC-68F canisters are equipped with Boral neutron absorber.
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Table 1.2.3

INTENTIONALLY DELETED
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Table 1.2.4

INTENTIONALLY DELETED

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR
REPORT HI-2002444

Rev. 5
1.2-36

HI-STORM 100 Rev. 5 - 6/21/07



Table 1.2.5

INTENTIONALLY DELETED
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Table 1.2.6

HI-STORM 100 OPERATIONS SEQUENCE

Site-specific handling and operations procedures will be prepared, reviewed, and approved by each
owner/user.

I HI-TRAC and MPC lowered into the fuel pool without lids

2 Fuel assemblies transferred into the MPC fuel basket

3 MPC lid lowered onto the MPC

4 HI-TRAC/MPC assembly moved to thedecon pit and MPC lid welded in place,
volumetrically or multi-layer PT examined, and pressure and leakage tested

5 MPC dewatered, moisture removed, backfilled with helium, and the closure ring
welded

6 HI-TRAC annulus drained and external surfaces decontaminated

7 MPC lifting cleats installed and MPC weight supported by rigging

8 HI-TRAC pool lid removed and transfer lid attached (not applicable to HI-TRAC
IOOD or 125D)

9 MPC lowered and seated on HI-TRAC transfer lid (not applicable to HI-TRAC IOOD
or 125D)

9a HI-STORM mating device secured to top of empty HI-STORM overpack (HI-TRAC
IOOD and 125D only)

10 HI-TRAC/MPC assembly transferred to atop the HI-STORM overpack or mating
device, as applicable

11 MPC weight supported by rigging and transfer lid doors opened (standard design HI-
TRAC) or pool lid removed (HI-TRAC IOOD and 125D)

12 MPC lowered into HI-STORM overpack, and HI-TRAC removed from atop the HI-
STORM overpack/mating device

12a HI-STORM mating device removed (HI-TRAC IOOD and 125D only)

13 HI-STORM overpack lid installed and bolted in place

14 HI-STORM overpack placed in storage at the ISFSI pad

15 For HI-STORM IOOA (or IOOSA) users, the overpack is anchored to the ISFSI pad by
installation of nuts onto studs and torquing to the minimum required torque.
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Table 1.2.7

REPRESENTATIVE ASME BOLTING AND THREADED ROD MATERIALS
ACCEPTABLE

FOR THE HI-STORM I OOA ANCHORAGE SYSTEM

ASME MATERIALS FOR BOLTING

Type Grade or Ultimate Yield Strength Code
Composition I.D. UNC No. Strength (ksi) Permitted

(ksi) Size
Ranget

C SA-354 BCK 125 109 t• 2.5"K041 00

3/4 Cr SA-574 51B37M 170 135 t Ž5/8"
f Cr- 1/5 Mo SA-574 4142 170 135 t Ž5/8"
1 Cr-1/2 Mo-V SA-540 B21

(K 14073)
5 Cr - ½ Mo SA-193 B7 125 105 t •2.5"
2Ni-%3/ Cr - 'AMo SA-540 B23

(H-43400)
2Nj -% /Cr - 1/3 Mo SA-540 B-24

(K-24064)
17Cr-4Ni-4Cu SA-564 630 (H-1100) 140 115
17Cr-4Ni-4Cu SA-564 630 (H-1075) 145 125
25Ni-15Cr-2Ti SA-638 660 130 85
22CR-13Ni-5Mn SA-479 XM-19

_($20910)

Note: The materials listed in this table are representative of acceptable materials and have been abstracted from the
ASME Code, Section 11, Part D, Table 3. Other materials listed in the Code are also acceptable as long as they
meet the size requirements, the minimum requirements on yield and ultimate strength (see Table 2.0.4), and are
suitable for the environment.

Nominal diameter of the bolt (or rod) as listed in the Code tables. Two-inch diameter studs/rods are specified for
the HI-STORM 1O0A.
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Table 1.2.8

METAMIC® DATA FOR HOLTEC MPCs

MPC Type Min. B-10 areal Nominal Weight Percent of B4C and
density required Reference METAMIC® Panel Thickness

by criticality
analysis 100%. 90% 75% Ref.
(g/cm 2) Credit Credit Credit Thickness

(inch)
(see note)

MPC-24 0.020 27.6 31 37.2 0.075
MPC-68, -
68FF, -32, 0.0279 27.8 31 37.4 0.104

-32F, -24E, and
-24EF

Note: The drawings in Section 1.5 show slightly larger thickness to ensure that the minimum B-10 areal density is
conservative under all conditions.
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1. MPC UPENUINU 
MPE INSTALLMION IN HI-TRAC

1. MPC UPENDING MPC INSTALLATION IN HI-TRAC

HI-TRAC PLACEMENT IN THE
SPENT FUEL POOL3, MPC AND ANNULUS FILLING 4,

----------- -- --- :
--------------- T

L J L J

f I

Figure 1.2.16a; Major HI-STORM 100 Loading Operations (Sheet 1 of 6)
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Figure 1.2.16b; Major HI-STORM 100 Loading Operations (Sheet 2 of 6)
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Figure 1.2.16c; Major HI-STORM 100 Loading Operations (Sheet 3 of 6)

HI-STORM FSAR
REPORT HI-2002444

Rev. 0

HI-STORM 100 Rev. 5 - 6/21/07



13. SAMPLE MPC TRANSFER MODES

FUEL BUILDING
CASK HATCH

FULJ BUILDING
CASK HATCH

Figure 1.2.16d; Major HI-STORM 100 Loading Operations (Sheet 4 of 6)
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14, SAMPLE HI-STORM HANDLING METHODS

RAIL DOLLY
AIR PAD

CASK CRAWLER

HEAVY-HAUL TRAILER

Figure 1.2.16e; Example of HI-STORM 100 Handling Options (Sheet 5 of 6)
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15. SAMPLE HI-TRAC HANDLING METHODS

RAIL CAR

TRANSFER TRAILER

RAIL DOLLY VERTICAL CASK CRAWLER

Figure 1.2.16f; Example of HI-TRAC Handling Options (Sheet 6 of 6)
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HI-STORM TRANSFER TO THE OVERHEAD
LIFTING DEVICE (CRAWLER SHOWN)

2. MPC TRANSFER INTO HI-TRAC
(HYDRAULIC LIFTING GANTRY SHOWN)

3. BOTTOM LID REPLACEMENT 4. HI-TRAC UPPER SHIELD
PLATE REMOVAL
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Figure 1.2.17a; Major HI-STORM 100 Unloading Operations (Sheet I of 4)
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Figure 1.2.17b; Major HI-STORM 100 Unloading Operations (Sheet 2 of 4)
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9. MPC LID REMOVAL 10. FUEL UNLOADING

HI-TRAC REMOVAL FROM THE
II. SPENT FUEL POOL 12. MPC REMOVAL

tti

Figure 1.2.17c; Major HI-STORM 100 Unloading Operations (Sheet 3 of 4)
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13. MPC AND H1-TRAC DECONTAMINATION

Figure 1.2.17d; Major HI-STORM 100 Unloading Operations (Sheet 4 of 4)
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1.3 IDENTIFICATION OF AGENTS AND CONTRACTORS

Holtec International is a specialty engineering company with a principal focus on spent fuel storage
technologies. Holtec has carried out turnkey wet storage capacity expansions (engineering, licensing,
fabrication, removal of existing racks, performance of underwater modifications, volume reduction
of the old racks and hardware, installation of new racks, and commissioning of the pool for
increased storage capacity) in numerous plants around the world. Over 45 plants in the U.S., Britain,
Brazil, Korea, and Taiwan have utilized Holtec's wet storage technology to extend their in-pool
storage capacity.

Holtec's corporate engineering consists of experts with advanced degrees (Ph.D.'s) in every
discipline germane to the fuel storage technologies, namely structural mechanics, heat transfer,
computational fluid dynamics, and nuclear physics. All engineering analyses for Holtec's fuel
storage projects (including HI-STORM 100) are carried out in-house.

Holtec International's quality assurance program was originally developed to meet NRC
requirements delineated in 1OCFR50, Appendix B, and was expanded to include provisions of
1 OCFR7 1, Subpart H, and 1 OCFR72, Subpart G, for structures, systems, and components designated
as important to safety. The Holtec quality assurance program, which satisfies all 18 criteria in
l0CFR72, Subpart G, that apply to the design, fabrication, construction, testing, operation,
modification, and decommissioning of structures, systems, and components important to safety is
incorporated by reference into this FSAR as described in Chapter 13.

The HI-STORM 100 System is fabricated by Holtec Manufacturing Division (HMD) of Pittsburgh,
Pennsylvania; formerly UST&D. HMD is an N-Stamp holder and a highly respected fabricator of
nuclear components. HMD is on Holtec's Approved Vendors List (AVL) and has a quality assurance
program meeting 1 OCFR50 Appendix B criteria. Extensive prototypical fabrication of the MPCs has
been carried out at the HMD shop to resolve fixturing and tolerance issues. If another fabricator is to
be used for the fabrication of any part of the HI-STORM 100 System, the proposed fabricator will be
evaluated and audited in accordance with Holtec International's quality assurance program.

Construction, assembly, and operations on-site may be performed by Holtec or a licensee as the
prime contractor. A licensee shall be suitably qualified and experienced to perform selected
activities. Typical licensees are technically qualified and experienced in commercial nuclear power
plant construction and operation activities under a quality assurance program meeting 1OCFR50
Appendix B criteria.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
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1.4 GENERIC CASK ARRAYS

The HI-STORM 100 System is stored in a vertical configuration. The required center-to-center
spacing between the modules (layout pitch) is guided by operational considerations. Tables 1.4.1 and
1.4.2 provide the nominal layout pitch information. Site-specific pitches are determined by practical
operation with supporting heat transfer calculations in Chapter 4. The pitch values in Tables 1.4.1
and 1.4.2 are nominal and may be varied to suit the user's specific needs.

Table 1.4.1 provides recommended cask spacing data for array(s) of two by N casks. The pitch
between adjacent rows of casks and between each adjacent column of casks are denoted by P1 and P2
In Table 1.4.1. There may be an unlimited number of rows. The distance between adjacent arrays of
two by N casks (P3) shall be as specified in Table 1.4.1. See Figure 1.4.1 for further clarification.
The pattern of required pitches and distances may be repeated for an unlimited number of columns.

For a square array of casks the pitch between adjacent casks may be in accordance with Table 1.4.2.
See Figure 1.4.2 for further clarification. The data in Table 1.4.2 provide nominal values for large
ISFSIs (i.e., those with hundreds of casks in a uniform layout), where access of feed air to the
centrally located casks may become a matter of thermal consideration. From a thermal standpoint,
regardless of the size of the ISFSI, the casks should be arrayed in such a manner that the tributary
area for each cask (open ISFSI area attributable to a cask) is a minimum of 225 ft2. Subsection
4.4.1.1.7 provides the detailed thermal evaluation of the required tributary area. For specific sites, a
smaller tributary area can be utilized after appropriate thermal evaluations for the site-specific
conditions are performed.
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Table 1.4.1

CASK LAYOUT PITCH DATA FOR 2 BY N ARRAYS

Orientation Nominal
Cask Pitch (ft.)

Between adjacent rows, P1, 13.5
and adjacent columns, P2

Between adjacent sets of two 38
columns, P3

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
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Table 1.4.2

CASK LAYOUT PITCH DATA FOR SQUARE ARRAYS

Orientation Nominal
Cask Pitch (ft.)

Between adjacent casks 18' - 8"

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
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FIGURE 1.4.1; CASK LAYOUT PITCH REQUIREMENTS
BASED ON 2 BY N ARRAY(S)
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FIGURE 1.4.2; CASK LAYOUT PITCH REQUIREMENTS
BASED ON A SQUARE ARRAY
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1.5 DRAWINGS

The following HI-STORM 100 System drawings and bills of materials are provided on subsequent
pages in this subsection:

Drawing Description Rev.
Number/Sheet

3923 MPC Enclosure Vessel 16
3925 MPC-24E/EF Fuel Basket Assembly 7
3926 MPC-24 Fuel Basket Assembly 9

3927 MPC-32 Fuel Basket Assembly 12
3928 MPC-68/68F/68FF Basket Assembly 11
1495 Sht 1/6 HI-STORM 100 Assembly 13
1495 Sht 2/6 Cross Section "Z" - "Z" View of HI-STORM 18
1495 Sht 3/6 Section "Y" - "Y" of HI-STORM 12
1495 Sht 4/6 Section "X" -"X" of HI-STORM 13
1495 Sht 5/6 Section "W" -"W" of HI-STORM 15
1561 Sht 1/6 View "A" -"A" of HI-STORM 11
1561 Sht 2/6 Detail "B" of HI-STORM 15
1561 Sht 3/6 Detail of Air Inlet of HI-STORM 11
1561 Sht 4/6 Detail of Air Outlet of HI-STORM 12
3669 HI-STORM IOOS Assembly 15
1880 Sht 1/10 125 Ton HI-TRAC Outline with Pool Lid 9
1880 Sht 2/10 125 Ton HI-TRAC Body Sectioned Elevation 10
1880 Sht 3/10 125 Ton HI-TRAC Body Sectioned Elevation "B" - "B" 9
1880 Sht 4/10 125 Ton Transfer Cask Detail of Bottom Flange 10
1880 Sht 5/10 125 Ton Transfer Cask Detail of Pool Lid 10
1880 Sht 6/10 125 Ton Transfer Cask Detail of Top Flange 10
1880 Sht 7/10 125 Ton Transfer Cask Detail of Top Lid 9
1880 Sht 8/10 125 Ton Transfer Cask View "Y" - "Y" 9
1880 Sht 9/10 125 Ton Transfer Cask Lifting Trunnion and Locking 7

Pad
1880 Sht 10/10 125 Ton Transfer Cask View "Z" - "Z" 9
1928 Sht 1/2 125 Ton HI-TRAC Transfer Lid Housing Detail 11
1928 Sht 2/2 125 Ton HI-TRAC Transfer Lid Door Detail 10
2145 Sht 1/10 100 Ton HI-TRAC Outline with Pool Lid 8
2145 Sht 2/10 100 Ton HI-TRAC Body Sectioned Elevation 8
2145 Sht 3/10 100 Ton HI-TRAC Body Sectioned Elevation 'B-B' 8
2145 Sht 4/10 100 Ton HI-TRAC Detail of Bottom Flange 7
2145 Sht 5/10 100 Ton HI-TRAC Detail of Pool Lid 6
2145 Sht 6/10 100 Ton HI-TRAC Detail of Top Flange 8
2145 Sht 7/10 100 Ton HI-TRAC Detail of Top Lid 8
2145 Sht 8/10 100 Ton HI-TRAC View Y-Y 8
2145 Sht 9/10 100 Ton HI-TRAC Lifting Trunnions and Locking Pad 5
2145 Sht 10/10 100 Ton HI-TRAC View Z-Z 7
2152 Sht 1/2 100 Ton HI-TRAC Transfer Lid Housing Detail 10
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Drawing Description Rev.
Number/Sheet

2152 Sht 2/2 100 Ton HI-TRAC Transfer Lid Door Detail 8
3187 Lug and Anchoring Detail for HI-STORM 1 O0A 2
BM-1575, Sht 1/2 Bill-of-Materials HI-STORM 100 Storage Overpack 19
BM-1575, Sht 2/2 Bill-of-Materials HI-STORM 100 Storage Overpack 19
BM-1880, Sht 1/2 Bill-of-Material for 125 Ton HI-TRAC 9
BM- 1880, Sht 2/2 Bill-of-Material for 125 Ton HI-TRAC 7
BM-1928, Sht 1/1 Bill-of-Material for 125 Ton HI-TRAC Transfer Lid 10
BM-2145 Sht 1/2 Bill-of-Material for 100 Ton HI-TRAC 6
BM-2145 Sht 2/2 Bill-of-Material for 100 Ton HI-TRAC 5
BM-2152 Sht 1/1 Bill-of-Material for 100 Ton HI-TRAC Transfer Lid 8
3768 125 Ton HI-TRAC 125D Assembly 7
4116 HI-STORM IOOS Version B 17
4128 100 Ton HI-TRAC IOOD Assembly 5
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GENERAL NOTES:

1. THE EQUIPMENT DESIGN DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN CONFIRMED BY HOLTEC
INTERNATIONAL TO COMPLY WITH THE SAFETY ANALYSES DESCRIBED IN THE SAFETY ANALYSIS REPORT.

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED TO ENSURE THAT THE EQUIPMENT
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WITH THE DESIGN DRAWINGS, WHICH MAY HAVE MORE RESTRICTIVE TOLERANCES. TO ENSURE COMPONENT
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4. THE ASME BOILER AND PRESSURE VESSEL CODEr(ASME CODE") 1995 EDITION WITH ADDENDA
THROUGH 1997 IS THE GOVERNING CODE FOR THE MPC ENCLOSURE VESSEL. WITH CERTAIN APPROVED
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THE MPC ENCLOSURE VESSEL IS CONSTRUCTD IN ACCORDANCE WITH ASME SECTION III, SUBSECTION
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5. ALL MPC ENCLOSURE VESSEL STRUCTURAL MATERIALS ARE ALLOY X UNLESS OTHERWISE NOTED
ALLOY X IS ANY OF THE FOLLOWING STAINLESS STEEL TYPES: 316, 316LN. 304. AND 304LN. ALLOY X
MATERIAL MUST COMPLY WITH ASME SECTION II, PART A. WELD MATERIAL COMPLIES WITH ASME SECTION II,
PART C. MPC ENCLOSURE VESSEL WALL (I E. CYCLINDER SHELL) WILL BE FABRICATED OF PIECES MADE FROM
THE SAME TYPE OF STAINLESS STEEL.

B. ALL WELDS REGUIRE VISUAL EXAMINATION(VT).. ADDITIONAL NDE INSPECTIONS ARE NOTED ON THE DRAWING
AS REQUIRED. NDE TECHNIQUES AND ACCEPTNCE CRITERIA ARE GOVERNED BY ASME SECTIONS V AND Ill.
RESPECTIVELY. AS CLARIFIED IN THE APPLICABLE SAFETY ANALYSIS REPORTS.

7. UNLESS OTHERWISE NOTED. FULL PENETRATION WELDS MAY BE MADE FROM EITHER SIDE OF A COMPONENT.

8. FUEL BASKET SUPPORTS ARE ILLUSTRATIVE ACTUAL FUEL BASKET SUPPORT ARRANGEMENTS ARE SHOWN
ON THE INDIVIDUAL FUEL BASKET DRAWINGS

9. DIFFERENCES BETWEEN THE GENERIC MPC ENCLOSURE VESSEL AND THE TROJAN PLANT MPC ENCLOSURE
VESSEL ARE SPECIFICALLY NOTED (FOR PART 71 USE ONLY).

10. ALL WELD SIZES ARE MINIMUMS. LARGER WELDS ARE PERMITTED. LOCAL AREAS OF UNDERSIZE WELDS ARE
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B

+

+

MPC ENCLOSURE VESSEL
ISOMETRIC VIEW

A

mmmmm GENERAL
HOLTEC MPC ENCLOSURE
INTERNATIONAL VESSEL

I
5014 3923 1
N/A -... 1- . .

8 7 6 F 3 R....M.RD .. ..-..O .
8 7 6 5 1P 4 3 2 H•STOfj. IM R- 5 - W•21/07

lwalcourt
Rectangle

lwalcourt
New Stamp

lwalcourt
Placed Image



8 7 6 5 8 7 6 5 432 3 2 1

D

(c=ýý C

I.

B

SECTION A-A
VENT PORT

DETAIL B
DRAIN PORT

EMEEN ENERAL
HOLTEC MPC ENCLOSURE
INTERNATONAL VESSEL
= •...• GENERAL ARRANGEMENT

EXTERNAL
VIEW

A

CUT AWAY
VIEW

•MF ORDJN UNE

I--5014 3925.39-26.327.3M8

N/A
I) 3923 -2 1f6

B 7 6 5 F 4 3 flI-STO~M 92 RO,..5.601707
8 7 6 5 T 4 3 HIýTOFPA I- R-. 5 - •'21f07

lwalcourt
Rectangle

lwalcourt
New Stamp

lwalcourt
Placed Image



a 7 6 5 4 3 2 1

--C

D

DETAIL D
(MPC-24.-24E.-32 AND -68)

IN0 5116" REF.
(SEE NOTE 1
THIS SHEET)

A DETAIL D
(MPC-24EF.-32F,-68F AND 68FF)

• (SEE NOTE 5. THIS SHEET)VT. RT OR UT & PT/• FINAL SURFACE

FULL PENETRATION
OR FOR

TROJAN MPCs

_t114 / PT
/ GOUGE

FULL PENETRATION

-C
A

NOTES

1. TROJAN MPC DMENSION IS 181 X (MAX)

2. TROJAN MPC DIMENSION IS 169 T (NOMN

3. MULTI-LAYER PT SHAUL INCLUDE ROOT AND FINAL
PASSES AND EACH APPROXIMATELY M'8 OF WELD DEPTH.

•4 DELETED.

SECTION C-C

5 MPC- 8FF ISNOT CERTIFIED FORTRANSPORTATION
UNDER 10CFR71.

6 OPTIONAL CONSTRUCTION FOR THE CLOSURE RING PROVIDES
PENETRATIONS TO ALLOW HELIUM LEAKAGE TESTING OF THE MPC
LID-TO-SHELL AND VENT/DRAIN PORT COVER PLATE WELDS DURINGA SINGLE TEST. PLUG WELDS IN THE CLOSURE RING ARE IDENTICAL TO THE
PLUG WELDS IN THE VENT/DRAIN PORT COVER PLATES AND. ACCORDINGLY.
ARE ADEQUATE TO SEAL THE WRC

8 7 6 5

lwalcourt
Rectangle

lwalcourt
New Stamp

lwalcourt
Placed Image



,_4 I 3 2

-LIFT HOLES 1 34-5UNC (3IP QNN.) I(N
(TYp. 4 PLACES) w

(14" SOUARE (NOM.) ON CENTER • PLUGGED NO.

FOR TRANSPORTATION SW STORAGE) D

-MN."(MIN)

(SEE NOTE 2. THIS SHEET)

DETAIL E
(MPC-24,-24E, 32 AND 68)

(MNH.)

0o0

4 (MIN)

-DýIN PORT

~E'AA DETAIL E
(MPC-24EF,-32F, -68F, AND 68FF)

(SEE NOTE 3. THIS SHEET)

S 1I

8 6 5
8 6 5

lwalcourt
Rectangle

lwalcourt
New Stamp

lwalcourt
Placed Image



8 7 6 5 3 2
, r6 5I3f2

LSWER ELS';PACER
LIPPER PLATE -

LOWER FUEL _--. 8 1-2" SO.
SPACER FUENOM)
UPPER PLATE

LOWER F Un

SPACER
COLUMN

LENGT
AS RE(

LOWER FUEL
SPACER
LOWER PLATE : '<

10t)
(NNO.

(REF.)

LOWER FUEL SPACER
UPPER PLATE

I/TI

NOTES•

1. TOLERANCES ON PLATE AND COLUMN THICKNESS
PER ASME SECTION iI OR ASTM AURA. AS
APPLICABLE

2 PWR LOWER FUEL SPACER COLUMN MATERIAL MUSTBE TYPE 3N4 OR 304LN S TAINLESS STEEL WITH
TENSILE STRENGTH >/= FR kET. YIELD STRENGTH
,1=3 U.04,AND CHEMICALS PER ASTM A55R. RWR
LOWER FUEL SPACER COLUMNS ARE ALLOY Ir
WITH SMAE TENSILE, YIELD. AND CHEMICAL
REQUIREMENTS

D

TH
Q'D

LOWER FUEL
SPACER
COLUMN

4"SO NWOMTUBE

LENTH
AU AEQO

(NoM.

(NOM)

LOWER FUEL SPACER
UPPER PLATE

N 3/I (504)5/ "

-((MAR.)

6S

LOWER FUEL SPACER LOW
LOWER PLATE

LOWER PWR FUEL SPACER ASSEMBLY

SO (NOM) X R " WALL "

TUBE

'ER FUEL SPACER
COLUMN

2 l.1"
(50O8) '.W T

LOWER FUEL LOWER FUEL SPACER
SPACER RI NT 4" (NOM)
LOWER PLATE (4) OPENINGS LOWER PLATE

LOWER BWR FUEL SPACER ASSEMBLY

C

(SEE NOTE 1 THIS SHEET)
(SFF NOTE 1 THIS SHEET)
(SEE NOTE 1 THIS SHEET)

(NoN)

AS REQ 0

UPPER FUEL SPACER BOLT

UPPER FUEL
SPACER
UPPER PATE

UPPER FUEL
SPACER

HNO TT. U
(NO.)(MAR) T

DTI (NOM I THRU HOLE-
3/A-I0UNC (NOM)
THRU OPTIONAL

UPPER FUEL SPACER
PLATE

B

A

UPPER FUEL SPACER
UPPER PLATE

T-K

, , i /

Um\T OR"

--* NM IT (NOOM)

-UPPER FUEL

DLOWER PLATE
(OPTIONAL)

(THOM) DRILL 01TYNOM)
THRAH HLE

UIPPER FUEL SPACER
LOWER P LA ItE

UPPER PWR FUEL SPACER ASSEMBLY

FUEL SPACER DESIGN DATA

RER O.COOD IC DO>SSIACU~T 0>-CD 0 IT DU- O

- ER II .U D lALL D

OPER UNL SC!T"E

SPACD L L S I D

- -.CE PIPE •Y
UPPER BWR FUEL SPACER ASSEMBLY

(SEE NOTE 1 THIS SHEET) A,

mmmmm
HOLTEC
INTERNATIONAL

GENERAL

FUEL
SPACER
DETAILS
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90,

4 M(r
D

DETAIL E

C

180'

6

270'
MPC LID PLAN VIEW

SHIELD LID NOT SHOWN)

SECTION VIEW WITH SHIELD LID

A

, GENERAL

MPC LID ELEVATION VIEW
( SHIELD LID NOT SHOWN)

7 HI.ST IM 10Rw 5-6/21f7
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90,

D

3W8
NOM

- 0H5"N)
(SEE NOTE 1. THIS SHEET)

C

180' DETAIL E
(SEE NOTE 1. THIS SHEET)

B

270'

OPTIONAL NON-STRUCTURAL\
T ACHMENT WELD /tulB7"

MPC LIDNOTE

I THE OPTIONAL UD DESIGN SHOWN ON THIS SHEET MAY BE USED WITH
THE MPCEA PRODDED THE MPC SHELL IS MODIFIED. AS SHOWN ON
DETAIL DSHEET 3). WITH AH UPPER SHELL THICINESS (SMOR 1269
AND SMEIO136
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CLIENT LICENSING DRAWING PACKAGE COVER SHEETGENERAL

PROJECT NO. 1022 P.O. NO. N/A

DRAWING 3925 TOTAL
PACKAGE I.D. SHEETS 4

LICENSING DRAWING PACKAGE CONTENTS:

SHEET DESCRIPTION
I COVER SHEET

2 FUEL RASKET ARRANGEMENT

3 FUEL BASKET LAYOUT AND WELD DETAILS

I FUEL BASSET SUPPORT DETAILS

REVISION LOG

REV AFFETED DRAWING SUMMARY OF CHANGES/ PREPARED APROVAL VRNUMBERS AFFECTED ECOS DATE

0 INITIAL ISSUE 1022-38 SLC 5ý302 17385

1 ALL 1M22M. REV. 1 SLC 12=o2 69345

2 SHEETSZ&3 1022.30. REV 0 & 50142. REV A SLC 42=3 61822

3 SHEETU 2.4 1022-8 aC 5'1913 40190

4 SHEETS 1.3. & 4 1022-51 SLC 7111/03 34515

5 SHEET 2 022.5 aLE W2015 57814

6 SHEETS 2.3..' 1028. RE. 0 SLc 06214138 49580
7 SHEETS 1.2. & 3 102241. REV 0 SLC 101513i 35683

13 DELETED.

14. TOLERANCES FOR THICKNESS OF ASME CODE MATERIAL
ARE SPECIFIED IN ASME SECTION II

15. ALL WELD SIZES ARE MINIMUMS LARGER WELDS ARE PERMITTED
LOCAL AREAS OF UNDERSIZE WELDS ARE ACCEPTABLE WITHIN
THE LIMITS SPECIFIED IN THE ASME CODE. AS CLARIFIED IN THE
(F)SAR.

16. REFER TO THE COMPONENT COMPLETION RECORD (CCR)FOR
THE COMPLETE LIST OF APPROVED DESIGN DEVIATIONS FOR
EACH INDIVIDUAL SERIAL NUMBER.

17. THE MPC-24EJEF IS CERTIFIED FOR STORAGE AND TRANSPORTATION
OF INTACT AND DAMAGED PWR FUEL AND PWR FUEL CLASSIFIED AS
FUEL DEBRIS. AS SPECIFIED IN COCS 72-1014, AND 71-9261.

18. DIMENSIONS NOTED AS NOMINAL ('NOM.-) IN THE DRAWING ARE FOR
INFORMATION ONLY. IN ORDER TO INDICATE THE GENERAL SIZE OF
THE COMPONENT OR PART NOMINAL DIMENSIONS HAVE NO SPECIFIC
TOLERANCE, BUT ARE MET THROUGH FABRICATION IN ACCORDANCE
WITH OTHER DIMENSIONS THAT ARE TOLERANCED AND INSPECTED.
NOMINAL DIMENSIONS ARE NOT SPECIFICALLY VERIFIED DURING THE
FABRICATION PROCESS.

19. NEUTRON ABSORBER PANELS MAY BE MADE UP OF ONE LONG PANEL
OF INDICATED WIDTH OR TWO SHORTER PANELS OF INDICATED WIDTH
AS LONG AS THE TOTAL LENGTH IS MAINTAINED AS INDICATED AND THE
GAP BETWEEN PANELS IS MAINTAINED AT NO MORE THAN 1/4".

20. NEUTRON ABSORBER PANELS MAY HAVE A REDUCTION IN WIDTH OF
UP TO 1/32' OVER A LENGTH OF NO MORE THAN 12" PROVIDED THE
AVERAGE WIDTH OF THE PANEL IS NO LESS THAN THE MINIMUM
SPECIFIED.

D

Cl

-
i THE SALIDATION IDENTIFICATION RE•ORD IA'IRI Nt MBER IS ACOMIPMTJTR GENERATED RANDOM INUNIBER WHICH

CONFIRMS MAT AU. APPROPRLATE REVIEWS IF THIS DRAWING ARE DOCUMENTED IN CONTPANES NSE IEORI

+

-I-

I -

I

I

GENERAL NOTES:

1. THE EQUIPMENT DESIGN DOCUMENTED INTHIS DRAWING PACKAGE HAS BEEN CONFIRMED BY HOLTEC INTERNATIONAL
TO COMPLY WITH THE SAFETY ANALYSES DESCRIBED IN THE SAFETY ANALYSIS REPORT.

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED TO ENSURE THAT THE EQUIPMENT DESIGN IS CONSISTENT
WITH THE SUPPORTING ANALYSIS. HARDWARE IS FABRICATED IN ACCORDANCE WITH THE DESIGN DRAWINGS. WHICH MAY
HAVE MORE RESTRICTIVE TOLERANCES. TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE TOLERANCE STACK-UP
FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP.

3. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THIS PACKAGE IS THE SAME AS THE REVISION LEVEL OF THIS COVER SHEET A
REVISION TO ANY SHEET(S) IN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS OF ALL SHEETS TO THE NEXT REVISION
NUMBER.

4. THE ASME BOILER AND PRESSURE VESSEL CODE ASME CODE , 1995 EDITION WITH ADDENDA THROUGH 1997. IS THE GOVERNING
CODE FOR THE HI-STAR 100 SYSTEM, WITH CERTAIN APPROVED ALTERNATIVES AS LISTED IN SAR TABLE 1.3.2 (TRANSPORTATION)
AND FSAR TABLE 2.2.10 ISTORAGE). THE MPC FUEL BASKET IS CONSTRUCTED IN ACCORDANCE WITH ASME SECTION III.
SUBSECTION NG AS DESCRIBED IN THE SAR (TRANSPORTATION) AND FSAR (STORAGE). NEW OR REVISED ASME CODE
ALTERNATIVES REQUIRE PRIOR NRC APPROVAL BEFORE IMPLEMENTATION.

5. ALL MPC BASKET STRUCTURAL MATERIALS COMPLY WITH THE REQUIREMENTS OF ASME SECTION II. PART A. WELD MATERIAL
COMPLIES WITH THE REQUIREMENTS OF ASME SECTION II, PART C.

6. ALL WELDS REQUIRE VISUAL EXAMINATION (VT). ADDITIONAL NDE INSPECTIONS ARE NOTED ON THE DRAWING AS REQUIRED. NDE
TECHNIQUES AND ACCEPTARCE CRITERIA ARE'GOVERNED BY ASME SECTIONS V AND Ill. RESPECTIVELY. AS CLARIFIED IN THE
APPLICABLE SAFETY ANALYSIS REPORTS.

7. FABRICATOR MAY ADD WELDS TO STITCH WELDS AT THEIR DISCRETION.

8. DO NOT MAKE A CONTINUOUS SEAL WELD BETWEEN THE SHEATHING AND THE CELL WALL.

9. ALL STRUCTURAL MATERIALS ARE "ALLOY X" UNLESS OTHERWISE NOTED. ALLOY X IS ANY OF THE FOLLOWING STAINLESS STEEL TYPES:
316. 316LN. 304, AND 354LN.

10. DIFFERENCES BETWEEN THE GENERIC MPC-24EJEF BASKET AND THE TROJAN PLANT MPC-24EFEF BASKET ARE SPECIFICALLY NOTED.

11. BOTH BORAL AND METAMIC ARE APPROVED FOR USE AS NEUTRON ABSORBERS. NEUTRON ABSORBER PANELS ARE INTENDED
i TO HAVE NO SIGNIFICANT FLAWS. HOWEVER. TO ACCOUNT FOR MANUFACTURING DEVIATIONS OCCURING DURING INSTALLATION
£L OF THE PANELS INTO THE MPC FUEL BASKET. NEUTRON ABSORBER DAMAGE OF UP TO THE EQUIVALENT OF AT" DIAMETER HOLE

IN EACH PANEL HAS BEEN ANALYZED AND FOUND TO BE ACCEPTABLE. ADDITIONALLY. LOCALIZED NEUTRON ABSORBER DAMAGE
ALONG ONE EDGE OF A PANEL ONLY IS PERMITTED IF.

A) THE TOTAL AREA OF DAMAGE DOES NOT EXCEED S SQ. IN. AND;

B) THE DAMAGE IS LOCATED WITHIN THE TOP OR BOTTOM 27" OF THE PANEL AND;
C) THE DAMAGE DOES NOT EXTEND FARTHER THAN I" FROM THE EDGE OF THE

PANEL AND;

D) NO MORE THAN EIGHT PANELS WITHIN A BASKET HAVE THIS CONDITION.

12. THIS COMPONENT IS CLASSIFIED AS ITS-A BASED ON THE HIGHEST CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT
CLASSIFICATIONS ARE PROVIDED IN SAR TABLE 1.3.3 (TRANSPORTATION) AND FSAR TABLE 2.2.6 (STORAGE).

B

4.

I -

MPC-24EJEF FUEL BASKET
ISOMETRIC VIEW

- I

A
I mommm GENERA

H O L T E C - MPC-24E/EF
INTERNATIONAL FUEL BASKET

112A.AAE~ 0M21ASSEMBLY

1022 3925
N/A I.

I

I

7 6 5 414 2 HI-STOj•M lWR-5. I V2107

lwalcourt
Rectangle

lwalcourt
New Stamp

lwalcourt
Placed Image



8 5 3 2 1

D

WIDE NEUTRON ABSORBERAND SHEATHING

(SEE NOTES 1 & 7. THIS SHEET) -

r

ISOMETRIC ASSEMBLY VIEW

NARROW NEUTRON ABSORBER
AND SHEATHING

B

MPC SHENLL . ,"(SEE MWG 3N23)_

NOTES:

I. BDRAL TOBES. (NOM.niTAI. X I H, WIDE MIN. X 155 TV MIN.. 15A(NOM.) -G.
WITH MINIMUM B-10 LDING OF0 A372 9/all. SHEATHING S (NM) N HK 511T " THK. ANGL

OM)LCELL WALL fEY
2 BORAL TO BE S (NON TIT IR0 RB5 X ' WIDE MIN X IS5 71W MIN ,15" LNO WL

WITH MINIMUM B13D LOADING OFT 0372 B/HIT. SHEATHING 0 SW (NOM.) T/K G

3. TROJAN BASKET HEIGHT IS167 719. EXCEPT CELLS 3 6 .19 AND 22. WHICH
ARE 163 14"1/4" HIGH 5316' THK.

PLATE,
4 EACH FUEL STORAGE LOCATION IS OEDN A UNIUE IDENTIFICATION NUMBER

FUEL ASSEMBLY.

S ON TROJAN BASKET BOTTOM MOUSEHOLES ARE NOMINALLY I 1/41 HIGH BY 4" WIDE
RECTANGULAR SLOTS AND BORAL HEIGHT ABOVE BASKET BOTTOM IS NOMINALLY 1 3N4.
MPC-24 SERIAL B/ADD.A29 FOR TROJAN HAS A ONE TIME DEVIATION WITH RESPECT TO
THE LOCATION OF THE RECTANGULAR SLOTS AND MOUSEHOLES ON TW/O CELL PLATES
BETWEEN CELL NUMBERS 11 AND 17. THESE TWO CELL PLATES HAVE THE RECTANGULAR
SLOTS ON THE TOP AND THE MOUSEHOLES ON THE BOTTOM EVALUATION OF THIS DEVIATION
HAS CONCLUDED THAT THERE IS A NEGUGIBLE IMPACT ON THE DESIGN BADIO ANALYSES
(SMDR-102-926).

6 ONLY FUEL STORAGE LOCATIONS 3, B.19. AND n CAR ACCOMMODATE DAMAGED FUEL
ANID/OR FUEL DEBRIS.

DRAJN LINELOCATON
2 7t8" -3W
(TYP. FOR
NEUTRON
ABSORBER)

(SEE NOTE 5)

A" THK FLUXIP COVER (TYP.) A

A7.METAMICTOBE0.10W"NOM THK X71A/IWIDEMIN XIS5TIWMIN. 15,"NOM)LG
THE MINIMUM M B1 /AB-I SAD'NS S.... To W......... ITH A .MINIM.
SF 31.5% AND MAXIMUM OF 33%. METAMIC IS NOT REQUIRED TO BE PASSIVATED
SHEATHING 0 0W (NOMN TH/K

Zý,$. METAMIC TO BE 10NOM )THA. X 6 114 WIDE MIN. X 155 7/W MIN, (56" NOM) LG
THE MINIMUM METAM B-10 OAUDING/SoD031A WITHA MINIM C LOADING
OF 31.5% AM) MAIMUM SF 33%. METAMC S NOT REQUIRED TOBE PASSIVATED
SHEATHN GA U(NOM)/'HK

8 -11 2 HISTOPIM 10R-.5 - 6/'1107

8 -U- 2 HI.sTA/¶u SAAR.S-RGI/BT
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G " I ( :)

DETAIL B 9 o5s N SO TYP
FOR CELLS

3.6. 19.& 22
-- - - -- - - --- -- - -- -- - --- -VTTO P .AN OR (SEE NOTE 1TOP AND 4 THIS SHEET)

SHEATHING 3 . 5 6

f IEUT- .- R F- L6-1- " (62O M

vT,•~ 8 9 10 46M7 M,.c 2...,.

110 MFLUX TRA TYP. (N

DETAIL CB' 
1 .7MN

A...
,• 1.3//• 14 15 16

DETAIL D

VTT.FOR

VERTICAL 19 20 21 22
TT .197 •SHEATHING 26 .?76MIN

T 167 (SEE NOTE 4. THIS SHEET) FLUX TRAP (TYP.
FOR CELLS
3.6. 19. & 22)

DETAIL E (SEE NOTES 2
. . .. .. . . . .. .. . . . .. .. . . . •THIS SHEET)

TP. 'DR
S•HAPES 23

23

DETAIL F
. . . .. . . . . . . .. .. -•270 "Y r .FOR

....Y. FO H/ VT LA MC2E
NOTES AýRAE

I. OIMENSIOB OF CELLS 3.6.19, AN 22 FOR TROJAN
.........ETIS m m GENERAL

.467 12. DIMENSION OF FLUX TRAP FOR TROJAN BASSET ISI 5261 N HOLTEC MPC-24EJEF
OR 3 DELETED. INTERNATIONAL FUELBASKET

1971 4. LENGTH AND SPACING OF WELD ON SIDES OF SHEATHING CAN VARy PROVIDED Z o,17g ST Y UT ELD DETAIL
TOTAL SHEATHING WELD PER PIECEIS NOT LESS THAN 6 FOR WIDE NEUTRON LAYOUT AND WELD DETAILS
ABSORBER PANELS OR675 FOR NARROW NEUTRON ABSORBER PANELS. AND

DETAIL G THEREIIS .MINIMOF ITOF WELD ALONG EACH SIDE OF THESHEATHING PANEL. 1022"D 3925 F3 7

8 7 6 5 4 3
8 7 6 5 4 3
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0

-m I- .] rNOMI)FOR TROJANI MIPS
MIN 0 2

WIDE SHIM

w _- -- . W__ 6(NOM.)
MIN51. 16 01 N .. FOR TROJAN fWECS

THIN SHIM

270"

I THE NPC BAsKEr SUPPORTS ARE WELDED TO THE INS[DE
SURFACE OF THE WC SHELL THEY MAT INCLUDE AOJUSTABLE
SHIMS TO ENSURE THE NECESSARY CLEARANCE BETWEEN THE
BASKET TOUCH POINTS AND THE BASKET SUPPORTS.

8 7 6 5 4 3 2 HI-STO"M 100 R- 5 -6137
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CLIENT
GENERAL LICENSING DRAWING PACKAGE COVER SHEET

PROJECT NO. 1022 P.O. NO. N/A

DRAWING 926 TOTAL 4
PACKAGE I.D. 3 SHEETS

LICENSING DRAWING PACKAGE CONTENTS:

REVISION LOG

FjSHEET DESCRIPTION
S 1 COVER SHEET

2 FUEL BASKET ARRANGEMENT

3 FUEL BASIKET LAYOUT ANS WELD DETAILS

I FUEL BASKET SUPPORTS

REV AFFECTED DRAWING SUMMARY OF CHANGES/ PREPAREDSHEET NUMBERS AFFECTED ECOS BY DATE

0 INITIAL ISSUE 1022.33 SLC S 74916

1 A 1U0-38. RET I SLC 52.'2 37611

2 SHEET 1022 -43. REV 0 -c I0 150 840 86

3 SHEET 3 $014-R. REV 0 TC M2S 70654

4 SHEETS 1, 2. &4 lmflU SLC 511W'M 13075

5 SHEETS 1.3. & 4 1o.1 SLC T-1,M53 81349

6 SHEETS 1, 2 & 3 1022-58 RE• JJ TB 0515 70914

7 SHEETS 1& 2 1022-59 REV I ,JB D51171115 42496

8 SHEETS 2 & 4 1022-, REV, 0 SLC 0TR4IRO 34908

9 SHEETS 1. 2 & 3 10M47. REV. 0 SLC 1%05H 86844

i THE VALIDATION IDENTIFICATION RECORD RI NUMBER IS A COMPUTER GENERATED RANDOM. .N BER WHICH
CONFIRMS THAT ALL APPRUPRIATE REVIEWS UOF TMIS DRAEING ARE DOCUMENTED IN COMPAN'"S NETWORK

14. TOLERANCES FOR THICKNESS OF ASME CODE MATERIAL
ARE SPECIFIED IN ASME SECTION II.

1S. ALL WELD SIZES ARE MINIMUMS. LARGER WELDS ARE PERMITTED.
LOCAL AREAS OF UNDERSIZE WELDS ARE ACCEPTABLE WITHIN
THE LIMITS SPECIFIED IN THE ASME CODE. AS CLARIFIED IN THE
(F)SAR.

16. REFER TO THE COMPONENT COMPLETION RECORD (CCR)FOR
THE COMPLETE LIST OF APPROVED DESIGN DEV1ATIONS FOR
EACH INDIVIDUAL SERIAL NUMBER.

17. THE MPC-24 IS CERTIFIED FOR STORAGE AND TRANSPORTATION
OF INTACT PWR FUEL. AS SPECIFIED IN COCs 72-1008. 72-1014,
AND 71-9261.

18. DIMENSIONS NOTED AS NOMINAL "NOM.I IN THE DRAWING ARE FOR
INFORMATION ONLY. IN ORDER TO INDICATE THE GENERAL SIZE OF
THE COMPONENT OR PART. NOMINAL DIMENSIONS HAVE NO SPECIFIC
TOLERANCE. BUT ARE MET THROUGH FABRICATION IN ACCORDANCE
WITH OTHER DIMENSIONS THAT ARE TOLERANCED AND INSPECTED.
NOMINAL DIMENSIONS ARE NOT SPECIFICALLY VERIFIED DURING THE
FABRICATION PROCESS.

19. NEUTRON ABSORBER PANELS MAY BE MADE UP OF ONE LONG PANEL
OF INDICATED WIDTH OR TWO SHORTER PANELS OF INDICATED WIDTH
AS LONG AS THE TOTAL LENGTH IS MAINTAINED AS INDICATED AND THE
GAP BETWEEN PANELS IS MAINTAINED AT NO MORE THAN 114".

20. NEUTRON ABSORBER PANELS MAY HAVE A REDUCTION IN WIDTH OF
/9\ UP TO 1132" OVER A LENGTH OF NO MORE THAN 12" PROVIDED THE

AVERAGE WIDTH OF THE PANEL IS NO LESS THAN THE MINIMUM
SPECIFIED.

D

C

________________ I.
I

GENERAL NOTES.

1 THE EQUIPMENT DESIGN DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN CONFIRMED BY HOLTEC INTERNATIONAL
TO COMPLY WITH THE SAFETY ANALYSES DESCRIBED IN THE SAFETY ANALYSIS REPORT.

2 DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED TO ENSURE THAT THE EQUIPMENT DESIGN IS CONSISTENT
WITH THE SUPPORTING ANALYSIS. HARDWARE IS FABRICATED IN ACCORDANCE WITH THE DESIGN DRAWINGS, WHICH MAY
HAVE MORE RESTRICTIVE TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE TOLERANCE STACK-UP
FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP.

3 THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THIS PACKAGE IS THE SAME AS THE REVISION LEVEL OF THIS COVER
SHEET. A REVISION TO ANY SHEET(S) IN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS OF ALL SHEETS TO THE
NEXT REVISION NUMBER.

4. THE ASME BOILER AND PRESSURE VESSEL CODE (ASME CODE, 1995 EDITION WITH ADDENDA THROUGH 1997. IS THE GOVERNING
CODE FOR THE HI-STAR 100 SYSTEM WITH CERTAIN APPROVED ALTERNATIVES AS LISTED IN SAR TABLE 1.3.2 (TRANSPORTATION)
AND FSAR TABLE 2.2.15(STORAGE,. THE MPC FUEL BASKET IS CONSTRUCTED IN ACCORDANCE WITH ASME SECTION II1,
SUBSECTION NG AS DESCRIBED IN THE SAR (TRANSPORTATION)AND FSAR (STORAGE). NEW OR REVISED ASME CODE
ALTERNATIVES REQUIRE PRIOR NRC APPROVAL BEFORE IMPLEMENTATION.

5 ALL MPC BASKET STRUCTURAL MATERIALS COMPLY WITH THE REQUIREMENTS OF ASME SECTION I, PART A. WELD MATERIAL
COMPLIES WITH THE REQUIREMENTS OF ASME SECTION II, PART C.

. ALL WELDS REGUIRE VISUAL EXAMINATIONA(VT). ADDITIONAL NDE EXAMINATIONS ARE NOTED ON THE DRAWING, AS REQUIRED.
NDE TECHNIQUES AND ACCEPTANCE CRITERIA ARE GOVERNED BY ASME SECTIONS V AND II1. RESPECTIVELY. AS CLARIFIED IN
THE APPLICABLE SAFETY ANALYSIS REPORTS.

7. FABRICATOR MAY ADD WELDS TO STITCH WELDS AT THEIR DISCRETION.

8. DO NOT MAKE A CONTINUOUS SEAL WELD BETWEEN THE SHEATHING AND THE CELL WALL.

9. ALL STRUCTURAL MATERIALS ARE "ALLOY X UNLESS OTHERWISE NOTED. ALLOY X IS ANY OF THE FOLLOWING STAINLESS STEEL
TYPES: 316, 316 LN. 304, AND 304 LN.

10. BOTH BORAL AND METAMIC ARE APPROVED FOR USE AS NEUTRON ABSORBERS. NEUTRON ABSORBER PANELS ARE INTENDED
TO HAVE NO SIGNIFICANT FLAWS. HOWEVER, TO ACCOUNT FOR MANUFACTURING DEVIATIONS OCCURING DURING INSTALLATION
OF THE PANELS INTO THE MPC FUEL BASKET, NEUTRON ABSORBER DAMAGE OF UP TO THE EQUIVALENT OF Al" DIAMETER HOLE
IN EACH PANEL HAS BEEN ANALYZED AND FOUND TO BE ACCEPTABLE.

11. THIS COMPONENT IS CLASSIFIED AS ITS-A BASED ON THE HIGHEST CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT
CLASSIFICATIONS ARE PROVIDED IN SAN TABLE 1.3.3 (TRANSPORTATION) AND FSAR TABLE 2.2.6 (STORAGE).

12. FOR HI-STAR STORAGE, ALUMINUM HEAT CONDUCTION ELEMENTS ARE REQUIRED.

13. DELETED.

B

I

I

MPC-24 FUEL BASKET
ISOMETRIC VIEW- 1

A
- 1

I

MEEmE GENERAL
HOLTEC MPC-24
INTERNATIONAL FUEL BASKET

5IMB.MR.BI sASSEMBLY

1022 3926 -1 I
N/A I .. ,

a 7 6 5 8i6 4 3 2 HIýS TDM IM10 R.. 5 - 6/21/7
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ISOMETRIC ASSEMBLY VIEW

2 7TID3Iw
(rp FOR
NE UT RON

NOTES: ABSORBER)

I BORAL TO BE 007r (NOM. I .X R 1, WIDE MIN X ISO H• IMN.. 156" (NOB.) LG.
WITH MINIMUJ R-10 LOADING OF 0 0261 g. SHEATHING OD24 (NOM.) THK

2. OBR-A TO BEE 075" (NOMITHKRI X 61I" WIDE MIN. X 155 ES MIN. 15T (NOM.) LG.
WISE MINIMUM B-10 LOADING OF0 0026Ig/O. SHEATHiNG 0.02" (NOB EHE

3 EACH FUEL STORAGE LOCATION IS GIVEN A UNIGUE IDENTIFICTION NUMBER

TO PROVIDE A UNIFORM SYSTEM FOR RECORDING THE LOCATION OF EACHFUEL ASSEMBLy.
jO. METEAICTOBE0T77 NOM I THK X71rTWIDEMiN X 1557/MIN. W NOM )LG

TEE MINI6U ETIC B-10 LOADING IS 0.0223 A B2 WITH A MINIMUM R4C LOADING
OF 315% ANE MAXIMUM OF 33%. METAMIC IS NOT REQUIRED TORBE FSSIAIED.
SHEATHING 0D.24 (NO)T THRL

S. METUMIC TOESEor INOM.) THK.EX6 14 WIDE MIN. 0 155 78W MIN I1SENOM.)LG.
THE MINIMUM B'E LOADING
OF 315% AND AJMU OF 33%. METAMEC IS NOT REQUIRED TO RE P-SSJVATED.
SHEATHING 0 04" (NOM) THK

7
3O
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D

DETAIL B

DETAIL C

DETAIL D

B V . .

DETAIL E

DETAIL F

A

OR197 /"

DETAIL G

NOTES

I DELETED.
2 LENGTH AND SPACING OF WELD ON SIDES OF SHEATHING CAN VARY

PROVIDED TOTAL VERTICAL SHEATHING WELD PER PIECE IS NOT LESS

THAN 65 FOR WIDE NEUTRON ABSORBER PANELS OR 67 V FOR NARROW
NEUTRON ABSORBER PANELS. AND THERE IS A MINIMUM OF IV OF WELD
ALONG EACH SIDE OF THE SHEATHING PANEL
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65 *I

NO

'SI-- (0O4.) s" (NON I

SB/ "ul .22

MIN (NOM.)

WIDE SHIM

THIN SHIM

NOTE:

I. THE MW BASKET SUPPORTS ARE WELDED TO THE INSIDE SURFACE OF THE WC SHELL
THEY MAy INCLUDE ADJUSTABLE SHIMS TO ENSURE THE NECESSARY CLEARANCE BETWEEN
THE BASKET TOUCH POINTS AND THE BASKET SUPPORTS

ii

B

A

EMEEMGIENERAL
HOLTECC MPC 24
INTERNAT10NAL FUELBASKET

~WAR~~SSBCSUP PORTS
1022 32 3ý'926 1' T1
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CLIENT GENERAL LICENSING DRAWING PACKAGE COVER SHEET

PROJECT NO. 1023 P.O. NO. N/A

DESIGN DRAWING PACKAGE CONTENTS:

SHEET DESCRIPTION

I COVER SHEET

2 FUEL BASKET ARRANGEMENT

3 FUEL BASKET LAYOUT AND WELD DETAILS

4 STANDARD FUEL BASHET SUPPORTS

S OPTIONAL FUEL. BASKET SUPPORTS

REVISION LOG
IT IS MANKUTORY AT EACH REVISION TO COMPLETE THE REVIEW& APFROVAL LOG STORED IN IINILTECS

DIRECTORY N '-PSIVIUIWORIUNGODBAL BY ALL RELEVANT TECITqlCAL DISCIPL P AS QDA PLRSOHRIEL
LACK ATTACHES SDRUING SFtE l CONTAINS ANSOTATEDTRIAUNULS INDICATING TIE REVISION TO DlE DRAWING.

REVI AFFEE D DRAWING SUMMARY OF CHANGESI PREPARED APPROVAL

SHEET NUMBERS AFFECTED EGOs By DATE VIR#

SHEET I 1.2...R.EV. SLC 09121/06 93452

12 [SHEETS lA 2 1023-3. REV 0 SLC 10/03/06 72109

;THE TULISUTMIONIENIIICUTION BEEVES TRI OSIIBS SA COEIPTEEIENVRATEOEXM NUMBER 3-RCA
CONF1.I-S THAT ALL APMPBOTEATE REVIEWS OF TWOS O.ASENG ARE SOCMENTSU IN COMPtAYS NEISEUK

13. TOLERANCES FOR THICKNESS OF ASME CODE MATERIAL
ARE SPECIFIED IN ASME SECTION II.

14. ALL WELD SIZES ARE MINIMUMS. LARGER WELDS ARE PERMITTED
LOCAL AREAS OF UNDERSIZE WELDS ARE ACCEPTABLE WITHIN
THE LIMITS SPECIFIED IN THE ASME CODE. AS CLARIFIED IN THE
(F)SAR.

15. REFER TO THE COMPONENT COMPLETION RECORD (CCR) FOR
THE COMPLETE LIST OF APPROVED DESIGN DEVIATIONS FOR
EACH INDIVIDUAL SERIAL NUMBER

16. THE MPC-32 IS CERTIFIED FOR STORAGE AND TRANSPORTATION
OF INTACT PWR FUEL. AS SPECIFIED IN COCo 72-1014, AND 71-9261.

17. DIMENSIONS NOTED AS NOMINAL("9DM") IN THE DRAWING ARE
FOR INFORMATION ONLY. IN ORDER TO INDICATE THE GENERAL
SIZE OF THE COMPONENT OR PART. NOMINAL DIMENSIONS HAVE
NO SPECIFIC TOLERANCE, BUT ARE MET THROUGH FABRICATION
IN ACCORDANCE WITH OTHER DIMENSIONS THAT ARE TOLERANCED
AND INSPECTED. NOMINAL DIMENSIONS ARE NOT SPECIFICALLY
VERIFIED DURING THE FABRICATION PROCESS.

18 NEUTRON ABSORBER PANELS MAY BE MADE UP OF ONE LONG PANEL
OF INDICATED WIDTH OR TWO SHORTER PANELS OF INDICATED WIDTH'A AS LONG AS THE TOTAL LENGTH IS MAINTAINED AS INDICATED ARD THE
GAP BETWEEN PANELS IS MAINTAINED AT NO MORE THAN 114'

19 NEUTRON ABSORBER PANELS MAY HAVE A REDUCTION IN WIDTH OF
UP TO 132" OVER A LENGTH OF NO MORE THAN 12" PROVIDED THE
AVERAGE WIDTH OF THE PANEL IS NO LESS THAN THE MINIMUM
SPECIFIED.

0

C

_______. A

I

I

GENERAL NOTES

1. THE EQUIPMENT DESIGN DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN CONFIRMED BY HOLTEC INTERNATIONAL
TO COMPLY WITH THE SAFETY ANALYSES DESCRIBED IN THE SAFETY ANALYSIS REPORT.

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED TO ENSURE THAT THE EQUIPMENT DESIGN IS CONSISTENT
WITH THE SUPPORTING ANALYSIS HARDWARE IS FABRICATED IN ACCORDANCE WITH THE DESIGN DRAWINGS. WHICH MAY
HAVE MORE RESTRICTIVE TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE TOLERANCE STACK-UP
FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP.

3. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THIS PACKAGE IS THE SAME AS THE REVISION LEVEL OF THIS COVER SHEET.
A REVISION TO ANY SHEET(S) IN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS OF ALL SHEETS TO THE NEXT REVISION
NUMBER.

4. THE ASME BOILER AND PRESSURE VESSEL CODE (ASME CODE). 1995 EDITION WITH ADDENDA THROUGH 1997, IS THE GOVERNING
CODE FOR THE HI-STAR 100 SYSTEM, WITH CERTAIN APPROVED ALTERNATIVES AS LISTED IN SAR TABLE 1.3 2 (TRANSPORTATION)
AND FSAR TABLE 2.2.15(STORAGE). THE MPC FUEL RASKET IS CONSTRUCTED IN ACCORDANCE WITH ASME SECTION III,
SUBSECTION NG AS DE CIBED IN THE SAN (TRANSPORTATION) AND FSAR (STORAGE). NEW OR REVISED ASME CODE
ALTERNATIVES REDUIRE PRIOR NRC APPROVAL BEFORE IMPLEMENTATION.

5. ALL MPC BASKET STRUCTURAL MATERIALS COMPLY WITH THE REQUIREMENTS OF ASME SECTION II. PART A. WELD MATERIAL
COMPLIES WITH THE REQUIREMENTS OF ASME SECTION I1, PART C.

6. ALL WELDS REQUIRE VISUAL EXAMINATION (VT). ADDITIONAL NOE INSPECTIONS ARE NOTED ON THE DRAWING AS REQUIRED.
NDE TECHNIQUES AND ACCEPTANCE CRITERIA ARE PROVIDED IN THE APPLICABLE CODES AS CLARIFIED IN THE APPLICABLE
SAFETY ANALYSIS REPORTS.

7. FABRICATOR MAY ADD WELDS TO STITCH WELDS AT THEIR DISCRETION.

8. DO NOT MAKE A CONTINUOUS SEAL WELD BETWEEN THE SHEATHING AND THE CELL WALL.

9. ALL STRUCTURAL MATERIALS ARE "ALLOY X" UNLESS OTHERWISE NOTED. ALLOY X IS ANY OF THE FOLLOWING STAINLESS STEEL
TYPES: 316, 316 LN, 304, AND 304 LN.

S10. BOTH BORAL AND METAMIC ARE APPROVED FOR USE AS NEUTRON ABSORBERS.NEUTRON ABSORBER PANELS ARE INTENDED
1 TO HAVE NO SIGNIFICANT FLAWS HOWEVER. TO ACCOUNT FOR MANUFACTURING DEVIATIONS OCCURING DURING INSTALLATION

OF THE PANELS INTO THE MPC FUEL BASKET, NEUTRON ABSORBER DAMAGE OF UP TO THE EQUIVALENT OF A 1" DIAMETER HOLE
IN EACH PANEL HAS BEEN ANALYZED AND FOUND TO BE ACCEPTABLE.

11. THIS COMPONENT IS CLASSIFIED AS ITS-A BASED ON THE HIGHEST CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT
CLASSIFICATIONS ARE PROVIDED IN SAR TABLE 1.3.3 (TRANSPORTATION) AND FSAR TABLE 2.2.6 (STORAGE).

12. DELETED.

B
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I

MPC-32 FUEL BASKET
ISOMETRIC VIEW

I - A

mmmmm GENERAL
HOLTEC MPC-32
INTERNATIONAL FUEL BASKET

II"UWAI"REST I ASSEMBLY
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90'

r

J-I
VG
SýJ
YV

4-

ISOMETRIC ASSEMBLY VIEW

1761

B

270'

NOTES:

1.1OAL TO BE0 101V(NOM.jTHK X? I 2 WIDE MIN X 1557W MIN. I S6A(NOM)LG
WITH MINIMUM H-10 LOADING OF 0 0372 g,9lY. SHEATHING 0 0O35 THK

2 EACH FUEL STORAGE LOCATION IS GIVEN A UNIQUE IDENTIFICATION NUBMER
To PROVIDE A UNIFORM SYSTEM FOR RECORDING THE LOCATION OF EACH
FUEL ASSEMBLY

3 METAMIC TO BE G.I" (NOM) THK. X 7 lIn- WIDE MJN. X 155 7T MIN (15" NOM.LS.NG
A THE MINIMUM METAMIC B10 LOADING IS 00310 ,r•'2. WITH A MINIMUM RME LOUSING
13 OF 31 5% ANOD M.AIMUM OF 33% METAMIC IS NOT REQUIRED TO RE PUSSVATED.SHEATHING 0 035 THK.

CROSS SECTIONAL VIEW OF THE MPC-32
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7 1

'1190*T INSIDE CELL DIMENSION 
D

,WITHL NEUTRON ABSORBER ON W

I / IT

-SHE II BOTTOM

IIMUM WELD LENGTH)

WITHOUT NEUT RON ABSORBER ON IHALL---

697 3 10

I I I .. .

12 13 14 15 16 P

270,

TA DETAILS

18 [19 20 21 22

1/2MRT AL
pRO\V2D '\SHEUTH NG TO CECU WALL) B

THAN (SEE NOTE 2. THIS SHEET)

2O4 TS 25H H - 1E26 27 21

--- 2(OR OBOOVE WELD)< 17

2930 31 32,

L l I I . I .DETAIL C

270'

A

1. DELETED HOLTEC MPC-32

2LENGTH AIRS SPACING OF WEL ON SIDES OF SHEATHING ECAN TARAY INTERNATIONAL FUEL BASKET
PROVIDES TOTAL VERTICAL SHEATHING WELD PER PIECE IS NOT LESS S, LAYOUT AND WELD DETAILS
THAN R5AWE THERE IS AMINIMUM OF 1V OF WELD ALONG EACH SIDEOF THE SHEATHING PANEL
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(NON)

OPTTONAL
QUANTITY. SIZE AND WELD
LOCATION FOR SUPPORT

,K'LTOCK TO BE DETERMINED
BY FABRICATOR

ýBASKET

/ PLATE (C

I I7
SUPPORT

PLATE (B SUPPORT BLOOC
LT I '" •OPTIONS_)

DT E VT

DETAIL E ALUDEOTý

D

TINA[ ET 1UPPOT (NO.)

3HK

BASKET SUPPORT PLATE (C)

'N. IRS IO-lNOU)

BASKET SUPPORT PLATE (B)

C

iL
BASKET SUPPORT PLATE (A)

B

AS REDOD

1 , -

SHIM

A
STANDARD CONSTRUCTION

NOTE:

I THE IPC BASKET SUPPORTS ARE WELDED TO THE INSIDE SURFACE OF THE MWC SHELL.
THEY MRY INCLUDE ADJUSTABLE SHIMR TO ENSURE THE NECESSARY CLEARANCE BETWEEN
THE ,SURET TOUCH POINTS AND THE BASKET SUPPORTS

8 7 6 5 4 3 2 HI-ST~qM 100Rý 5 - 6Q21 f7
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DETAIL G

D
-SHIM ASSEWMLy

(ALLOY X)

R-14 -

ANGLE SUPPORT (B)

1 168 1lI" (NOM)16" --~t
rHKH

381 
i

NOM

ANGLE SUPPORT (A)

E ,O _.n (NOM) 168 It2" (NOM.)

(No.)

AS REO'D ••J•MN

SHI ISSE0BLY

SHIM ASSEMBLY
OPTIONAL CONSTRUCTION

NOTE

1. THE MWC BASKET SUPPORTS ARE WELDED TO THE INSIDE SURFACE OF THE MPC SHELL
THEY YAy INCLUDE ADJUSTABLE SHIMS TO ENSURE THE NECESSARY CLEARANCE BETýWEEN
THE BASSKET TOUCH POINTS AND THE BASKET SUPPORTS

MENEM
HOLTEC
I NT ERNAýT 10N AL

VI 
T
g
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CLIENT GENERAL LICENSING -DRAWING PACKAGE COVER SHEET

PROJECT NO. 1021 P.O. NO. N/A

REVISION LOG

REV AFFECTED DRAWING SUMMARY OF CHANGES/ PREPARED1 APPRVA VIR#
,SHEET NUMBERS AFFECTED ECOs BY DATE I

11SEET"4 JECO 1021-AS RLS 125556 91256

I IflFNSIN(~ flRAWIN(~ PACKACiF CONTENTS
LICENSING DRAWING PACKAGE CONTENTS:

SHEET DESCRIPTION

1 COVER SHEET

2 FUEL BASKET ARRANGEMENT

3 FUEL BASKET LAYOUT AMD WELD DETNLS

FUEL BASKET SUPPORTS

13. TOLERANCES FOR THICKNESS OF ASME CODE MATERIAL
ARE SPECIFIED IN ASME SECTION I.

14. ALL WELD SIZES ARE MINIMUMS LARGER WELDS ARE PERMITTED.
LOCAL AREAS OF UNDERSIZE WELDS ARE ACCEPTABLE WITHIN
THE LIMITS SPECIFIED IN THE ASME CODE. AS CLARIFIED IN THE
(F)SAR.

15. REFER TO THE COMPONENT COMPLETION RECORD (CrR)FOR
THE COMPLETE LIST OF APPROVED DESIGN DEVIATIONS FOR
EACH INDIVIDUAL SERIAL NUMBER.

16. THE MPC-68/68F IS CERTIFIED FOR STORAGE AND TRANSPORTATION
OF INTACT AND DAMAGED BWR FUEL AND BWR FUEL CLASSIFIED AS
FUEL DEBRIS, AS SPECIFIED IN COCs 72-1008. 72A1014. AND 71-9261
THE MPC"EBFF IS CERTIFIED ONLY FOR STORAGE OF INTACT AND
DAMAGED BWR FUEL AND BWR FUEL CLASSIFIED AS FUEL DEBRIS
IN THE HI-STORM 100 SYSTEM UNDER COG 72-1014.

17 DIMENSIONS NOTED AS NOMINAL INOM.-) IN THE DRAWING ARE FOR
INFORMATION ONLY, IN ORDER TO INDICATE THE GENERAL SIZE OF
THE COMPONENT OR PART. NOMINAL DIMENSIONS HAVE NO SPECIFIC
TOLERANCE, BUT ARE MET THROUGH FABRICATION IN ACCORDANCE
WITH OTHER DIMENSIONS THAT ARE TOLERANCED AND INSPECTED.
NOMINAL DIMENSIONS ARE NOT SPECIFICALLY VERIFIED DURING THE
FABRICATION PROCESS.

1B. NEUTRON ABSORBER PANELS MAY BE MADE UP OF ONE LONG PANEL
OF INDICATED WIDTH OR TWO SHORTER PANELS OF INDICATED
WIDTH AS LONG AS THE TOTAL LENGTH IS MAINTAINED AS INDICATED
AND THE GAP BETWEEN PANELS IS MAINTAINED AT NO MORE THAN 114'.

19. NEUTRON ABSORBER PANELS MAY HAVE A REDUCTION IN WIDTH OF
UP TO 1132' OVER A LENGTH NO MORE THAN 12" PROVIDED THE
AVERAGE WIDTH OF THE PANEL IS NO LESS THAN THE MINIMUM
SPECIFIED.

D

C

I

+ MKE VALUATIUN IDENI1f1CATION KECORD VIIB N)UMBER IS A LUMPLTER GENERATED RANSOM NMBER WHICH
CON•FIIRMS THAT ALL *PFTOP!AITý REVIEI' OF T3 S THA'ING AKE DUCUNIENTED IN OSIPANYS NETSEORS.

I

I

I

GENERAL NOTES:

1. THE EQUIPMENT DESIGN DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN CONFIRMED BY HOLTEC INTERNATIONAL
TO COMPLY WITH THE SAFETY ANALYSES DESCRIBED IN THE SAFETY ANALYSIS REPORT.

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED TO ENSURE THAT THE EQUIPMENT DESIGN IS CONSISTENT
WITH THE SUPPORTING ANALYSIS. HARDWARE IS FABRICATED IN ACCORDANCE WITH THE DESIGN DRAWINGS, WHICH MAY
HAVE MORE RESTRICTIVE TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE TOLERANCE STACK-UP
FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP.

3. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THIS PACKAGE IS THE SAME AS THE REVISION LEVEL OF THIS COVER SHEET.
A REVISION TO ANY SHEET(S) IN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS OF ALL SHEETS TO THE NEXT
REVISION NUMBER.

4. THE ASME BOILER AND PRESSURE VESSEL CODEAM CODE . 1995 EDITION WITH ADDENDA THROUGH 1997. IS THE GOVERNING
CODE FOR THE HI-STAR 100 SYSTEM. WITH CERTAIN APPROVED ALTERNATIVES AS LISTED IN SAR TABLE 1.3.2 (TRANSPORTATION)
AND FSAR TABLE 2.2.15(STORAGE-. THE MPC FUEL BASKET IS CONSTRUCTED IN ACCORDANCE WITH ASME SECTION III,
SUBSECTION NG AS DESCRIBED IN THE SAR (TRANSPORTATION) AND FSAR (STORAGE). NEW OR REVISED ASME CODE
ALTERNATIVES REQUIRE PRIOR NRC APPROVAL BEFORE IMPLEMENTATION.

5. ALL MPC BASKET STRUCTURAL MATERIALS COMPLY WITH THE'REQUIREMENTS OF ASME
SECTION II, PART A. WELD MATERIAL COMPLIES WITH THE REQUIREMENTS OF ASME SECTION II, PART C.

6. ALL WELDS REQUIRE VISUAL EXAMINATION IVT). ADDITIONAL NDE INSPECTIONS ARE NOTED ON THE DRAWING
AS REQUIRED. NOE TECHNIQUES AND ACCEPTANCE CRITERIA ARE GOVERNED BY ASME SECTIONS V AND III.
RESPECTIVELY, AS CLARIFIED IN THE APPLICABLE SAFETY ANALYSIS REPORTS.

7. FABRICATOR MAY ADD WELDS TO STITCH WELDS AT THEIR DISCRETION.

8. DO NOT MAKE A CONTINUOUS SEAL WELD BETWEEN THE SHEATHING AND THE CELL WALL.

9. ALL STRUCTURAL MATERIALS ARE "ALLOY X" UNLESS OTHERWISE NOTED ALLOY X IS ANY OF THE FOLLOWING
STAINLESS STEEL TYPES: 316, 316LN. 304, AND 304LN.

10. BOTH BORAL AND METAMIC ARE APPROVED FOR USE AS NEUTRON ABSORBERS. NEUTRON ABSORBER PANELS
ARE INTENDED TO HAVE NO SIGNIFICANT FLAWS. HOWEVER. TO ACCOUNT FOR MANUFACTURING DEVIATIONS
OCCURING DURING INSTALLATION OF THE PANELS INTO THE MPC FUEL BASKET, NEUTRON ABSORBER DAMAGE OF UP
TO THE EQUIVALENT OF A 1 •DIAMETER HOLE IN EACH PANEL HAS BEEN ANALYZED AND FOUND TO BE ACCEPTABLE.

11. THIS COMPONENT IS CLASSIFIED AS ITS-A BASED ON THE HIGHEST CLASSIFICATION OF ANY SUBCOMPONENT.
SUBCOMPONENT CLASSIFICATIONS ARE PROVIDED IN SAR TABLE 1.3.3 (TRANSPORTATION) AND TABLE 2.2.6 (STORAGE).

12. DELETED.

B

I lb,

- 1

MPC-68168F/68FF FUEL BASKET'
ISOMETRIC VIEW

*MPC-68FF IS NOT CERTIFIED FOR
TRANSPORTATION UNDER TICFR71 A

MENEM GENERAL
H 0 L T E C MPC-68168F/68FF
INTERNATIONAL FUEL BASKET

I

1021 3928 -1
N/A
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1/4' TM)) EANEL SEE N TEE 1

CEL CT. HIS ~)
, (1Y )

90 1/4' TM)).
PANEL CELL (TIE)

FOR TOE AND BOTTOM
\SHEATHING TO CELL WALL

(33/C- MINIMUM WELD LENGTH)

D
IF I F ' F., II '~NN.

I14' TH
CELL,

180'

HI, EANEL T3 -T14 5 6 7 _8_

-~ = I F ~ ý-ASKETGSUPPORT

9 10 11 12 _ _ 13 14 15 16

17 ~ 19 20 21 22 23 24 -

2] 26 27 28 ~ 29~ 3 31 34 (AE

35 36 37 138 39 40 41 42 _ J43  
4

1 45 -146 47" 14.8 149 1750 1---751 5
52 GRAIN LINE1 - 1 jLOCATION

53 545 6 57 58 59 6

TI.FORIAH G 1TY NEUTRON AB
THIS SHEET) 2_B___[ FOR VERTICAL

61 (SEE NOTE 3. THIS SHEF
61 62 63 64 65 66

r

NEUTRON
ABSORBER AND SH
ISEE NOTES H.)

ISOMETRIC ASSEMBLY VIEW

1/A510*'

1(TIP TOE
AND BOTTOM)

IJ-v

I.

B

GORSER)

II ~~I=lCI~--I ~- IF I I II I I I = II /y'/

(TIE. TOE
AND B0OTTOM)

S67 68 ýýý.P HL

OPTIONAL- ALUMINUM 
NTS

MREAT CONDUCTHON ELEMENTS 1 BOBAL TO RE 0I1 (NOM. TMHK. BA 3/4 WISE MIN X 155 7"MIN. SC"NOM.)LG. WITH MINIMUM B-1020 HSH LE LOADNGOFD372 4 M /' Al PRIGlA11
REUIREDFINCLUDES A OE-T DEVIATION TO BORAL ENEL WIDTH ACTUAL URAL PANEL MINIMUM WIDTH WAS

4.78H ON ONE PEMEL. WHICH HAS A NEGLIGIBLE EFFECT ON THE CRITICALITY ANALYSES S..DR W2.1-577)
V ~ ~ ~ ý SHAHN E005 OM ) TH•k

2. EACH FUEL STUBS"C LOCATION IS GIVEN A UNIQUE IDENTIFICATION NUMBER TO PROVIDE A UNIFORM
SYSTEM FOR RECORDING THE LOCATION OF EACH FUEL ASSEMBLY.

3. LENGTH AND SPACING OF WELD ON SIDES OF SHEATHING CAN VARY PROSDED TOTAL SHEATHING WELD
PER PEiCE IS NOT LESS THAN 70 1D AND THERE IS A MINIMUM OF 1" OF WELD ALONG EACH SIDE OF THE
SHEATHING PANEL.

4 MPC-6FF IS NOT CERTIFIED FOR TRANSPORTATION UNDER 10CFR71.
5. MPC-R SERIAL#10214-26 INCLUDES A ONE-TIME DEVIATION TO THE BASKET HEIGHT ONE BASKET CELL

PEMEL IN CELL ýHAS A HEIGHT OF 175 58" WHICH WILL HAVE A NEGLIGIBLE IMPACT ON THE DESIGN
BASIS ANALYSES (SMDR-1021A74)

B METAUBIC TORBE 0.1" (NOM.) THK X 4 M WIDE MIN X I5O SI8 MIN((TA NOMILG, FOR MEC.LA
THE MINIMUM M&ETAIC B10 LOADING IS 0 0310 y-I^2 WIT) A MINIMUM &C LOADINS OF 31.5%
AND MAXIMUM OF 33% METAGIC IS NOT REQUIRED SORE PASSS/ATED SHEATHING S SIC (NOM,) THA.

A\-NEUTRON ABSORBER

BASKET ELEVATION VIEW AND SHEATHING (TIE)

A

SEMENM GENERAL
H 0 L T E C MPC-68/68F/68FF
(NTERNATIONAL FUEL BASKET

1021 393
N-1 Ii

0! 392. 2I3
I65/I NONE I S A l

8 7 6 5 "!1" Hi-STOrM 100R.. 5 " I1•
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Li INSIE CELL DIMENSION

1 2 SEE NOTE3

DETAIL A

624 INSIDE CELL DIMENSION

IRET) WITROUT NEUTRON ABSORBER ON WAIL

-'-4 -- , , 7
9 10 11 12 14 15 161-

'p56 N. 7 182C1 2 2- (SNO(N.M)

13R 73(NOM)

(l1e) i25 p 26 1 7 28 29 30 31 32 33 34... IN, -• ;; 7 i i6 : 3° i3 i;; -.. .. _ _ _

- 1 8
35i 4-1-T 7T-4] 2 4

7 .B
45 46 47 449 5 52

= 6 2  63 6

NOTE: ,67 68MOS ~ GENERAL

SDELETED H 0 L T E C MPC-68/68F/68FF
2 MPC-68FF IS NOT CERTIFIED FOR TRANSPORTATON UNDER 10CFR71 270 INTERNATIONAL FUEL BASKET
3 .MPC-.F SERIAL. INCLUDES BONE-TIME DEVIATION TO THE 04000 CELL IAYOUT AND WELD DETAILS

OPENING ND 5...N INSIDE CELL DIMENSION WITH RORAL ON TRE WALL FOR CELL3 I
NUMBERS R8 AND A4 THE CELL OPENING IS OVERSIZED By AEMAXIMUM OF W32' ALONG
AP ROXIMATELY 3 FEET OF THE CELL HEIGHT. AN EVADUATION HAS DETERMINED THAT 1021 3928THIS CONDITION HAS A NEGLIGIBLE IMPACT ON THE DESIGN BASIS (SMDR-1021-73) ..
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a

ANGLE BASKET " T

SUPPORT -"
(ALLOY B)

SHIM ASSEMBLY S02 1.8 P.
ALLOTYU

DETAIL C
TYP. OF 8) S0.V\.

(OPTIONAL DESIGN)

ANGLE BASKET SUPPORT

D

1/8 1-8 TYP

50ý2 
I 

U

5P32 1-B Typ

SHIM ASSEMBLY (A)

DETAIL B
( OF 4)

(OPT ONAL DESIGN)

180'

270'

CROSS SECTIONAL VIEW OF MPC-68
BASKET SUPPORT STRUCTURE

(OPTIONAL CONSTRUCTION)
(SEE NOTE 4. THIS SHEET)DETAIL D

(TYP. OF 8) 270'
SEE ALSO DETAIL D
(OPTIONAL DESIGN) CROSS SECTIONAL VIEW OF MPC-68

BASKET SUPPORT STRUCTURE
(STANDARD CONSTRUCTION)

P. 8SHIM ASSEMBLY (A) ) AS H

502 to TYP ASHUEOV 50M7 IN. SHIM ASSEMBL Y(A)
5/lrNOM O LR 168 UT NOM.

AS AESO I

A
UT 1116 1.

(OH GOHOOH.E

NOTES:
1 THE MPC BASKET SUPPORTS ARE WELDED TO THE

INSIDE SURFACE OF THE MPC SHELL. THEY MAY INCLUDE DETAIL SHIM-TO-SHIM OR SUPPORT-TO-SUPPOR
ADJUSTABLE SHIMS TO ENSURE THE NECESSARY CLEARANCE
BETWEEN THE BASKET TOUCH POINTS AND THE BASKET SUPPORTS. WELD (SEE NOTE 2, THIS SHEET)

2. THICKNESS OF SHIMS MAY BE MADE UP OF MORE THAN ONE PIECE.
WELD SIZE SHALL BE AS DEFINED OR THICKNESS OF BASE METAL,
WHICHEVER IS LESS. MENEME GENERAL

3. MPC-68FF IS NOT CERTIFIED FOR TRANSPORTATION UNDER 10CFR71. H O L T E C MPC 68168F/68FF
INTENTOA FULBST

4. BASKET SUPPORT-TO-BASKET SUPPORT DIMENSIONS ARE COMMON INRERNATIONAL FUEL BASKET
TO STANDARD AND OPTIONAL CONSTRUCTION. 05u1881 SUPPORT

T

DETAIL D (TYP.)
(OPTIONAL DESIGN) , -- 1 - --"323 1 3928

2 NONE I'-1-
2 Hi•STOqm IN8 7 6 5 4 R•..5 - W-1
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I 1 5 1 I
I 4

F

U

MPC . : :

o-~- - - - - -,.-.... . . . . . ....... o, •

IN ' - - - - - - - - - - ' , - - - - - - - - - - - - - - '-.-

/TYPICAL FUEL ASSEMBLY LOW~ER FUEL SPACER

PPER FUEL SPACER

--. - - -, -. . ° -

F

COA

r" L
U

C C

B i i i~iilil !iiiiiiiiiii !ii!iiii!iii !iii!iii!iii!!iiiiiiiiii~ii~ii~iil N B

A

/SEE SHEET 6 FOR P31 I/4 (REF.)
THERMOCOUPLE MOUNTING OVERPACK--/

HI-STORM ASSEMBLY
INCORPORATED E.C.O,.: 1024-44 8 8

11 INCORPORATED NEW REVISION BLOCK T.F.O. 2/6/02 7817 13 INCORPORATED E'C'O'4: 1024-7 SLC. 8/7/03 8332NA
REV SUMMARY OF CHANGES/ APPROVAL , RATED EC. 1024-61 T.FO, 9/18/02 69340 i i**,

RVAFFECTED ECOs BY: DATE: 0aVIR M 1 5INCORPOR5 E, I l56LTR7- 1575

REVISIONS INTERNATIONAL C D - N/A r - ijm

A

I F I 1 4 1-1 P 1

HI-STORM 100 R-v 5- 6f21107
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INCORPORATED ECO 1024-44, REVISED REV. BLOCK

INCORPORATED ECO 1024-47. REVISED REV BLOCK

INCEORPORATED EEO 1024-80, REVISED REV. BLOCK

NDTES1
I) SEE NOTES ON DWG. 1495 SHT. 2.
2) AS NECESSARY, SHIM EACH CHANNEL, ITEM 19,

AS DEPICTED IN DETAIL T. SHIM THICKNESS
TO BE AS REQUIRED TO MEET 69.5
DIMENSION. FILLET WELD SIZE TO BE
EQUIVALENT TO SHIM THICKNESS DR
1/8', WHICHEVER IS LESS AS NECESSARY.

3) THIS WELD REQUIRED IF ITEM 2 LONGITUDINAL
WELD IS LOCATED OVER A RADIAL PLATE.

4) CHAMFER CORNERS [F ITEM 14 AND 28
AS NECESSARY.

5) SHIELD SHELL (ITEM 28) DELETED FROM
DESIGN IN JUNE 2001.

IREF .K

VT PER NITE 2.
(SHEET 2)

IS/S OR UIS

to INNER SHELL AND
to OUTER SHELL WELD

)RADIAL PLATE DETAIL T

o

HIZTORM 1MR- 5-ýM7
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/I 4 3 P 1

(SEE DWG.
1561 SHT. 1)I

"A" 1/4E

0126±3/16

0103 B.C. (REF.)
86 ±1/4 (A VG.)

1 69 ±1/4 (AVG.)
64 ±1/4 (AVG.-

LID'OR _____ 56 ±1/4" B.C.
PLA TAPPED HOLE FOR LID LIFTING LUG

MIII j. I OPTIONAL 1/4 0 ROLE S10EE1 ' --FOR THERMOCOUPLE M 161 04.2

(SEE OWE.
1561 SHT. 6) K"

REVISIONS
RE.2 ETDE~ D At

I A"

/ lOP PLA

V SAvRAY OF CHANGES/ PREP PPROVALvRAFFECTED ECOs UY, DATE. I

12 INCORPORATED ECO 1024-44 ,r1.1. 2/6/02 61392
INCORPORATED ECO L1.024- 21210

13 AD)DED SECTION K. M.&M47 N S.LC -/2/- 74-436E

INCORPORATED ECO 1024-47. SL.C 2/22/02 E
14 REV. I

A INCORPORATED ECD 1024-50. SL.C 5/7/02 72436

16 INEORPGRATED CEO 1024-55. SL.C 6/25/02 R346

\

\\\\\\\\ \ \\\\\\\\ \\\\ I

U 61
AI OUT 31 •P

U
K #

C

31B

S NTE 17.

vLIC TE I. 3 ,

AS HILD 011

LOCATE 4021/

([R 114' 0110 V)
AT PER NOTE Z

OVERPACKOUTER SI-ELL

(SEE D6G, m
1561 SHI. 6) L

SEEIT 0017 VI PE N01(2

# LII

:'. . . ' •#

. .. . . . .. N .

4 ' 4 " • .

4• j. -..,f .

• . . . . . . . .

.. '•. . . . . /

26 ±3/16
10 3/16 VTPEBN

1E

i1"L

70'±1/4' O.

(SEE DWG.
1561 SHT. 6)

HEAT SHIELD

45'

cD

B PEDES
IT !PLUGS

16:I/F
(REF.).

•. ~ ~ ~ 4 4." " °°" " •

fI L•a••SE LCSHEAR RINGPING

#, ~ ~...4 . ,

D73 /2 1.0.

+1/4,-1/8 (AVG.) "

ITAL AT 3AI ri 0 \.

~.4

244I~~~ :• \ 4 . . .'

60 +1/4" B.C.".

1/4,-±1/4 (AVG.). . .a

S 15

)/B IBEP.R

(4AT 9T ARWTED. PLTEl / iELET

... ,d , ,k , ,,., I . .. ...4 .

IBE TEI

3 718 (REF.) I

1/4'-DIA. THIRD. HOLE (112' SEE DWG.
DEEP, 16 LOCATIONS) FOR A SHT G
INLET EXIT SCREENS. 1495 SHT, 3

NOTES:
1) ALL LINEAR DIMENSIONS ARE IN INCHES.
2) ALL CELDS REQUIRE VISUAL EXAMINATION PER ASME SECTION V,

ARTICLE 9, ACCEPTANCE CRITERIA PER ASME SECTION III,
SUBSECTION NF, ARTICLE NF-5360.

3) EXCEPT WHERE STATED OTHERWISE, TOLERANCES ON FINISHED
DIMENSIONS ARE t 1/4'.

4) ALL EXPOSED SURFACES OF THE OVERPACK SHALL BE PAINTED WITH
THERMALINE 450 OR EQUIVALENT. THREADED HOLES SHALL NOT BE PAINTED

5) SERIAL NUMBERS ARE TO BE PLACED ON ALL LOOSE COMPONENTS
TO PROVIDE TRACEABILITY.

6) THE CENTER-TO-CENTER DIMENSION BETWEEN ADJACENT
ANCHOR BLOCKS IS 72 7/B'±I/2'.

71 DELEIED
8) STEEL USED IN FABRICATION SHALL MEET THE REQUIREMENTS OF

ASME SECTION Ii A
9) WELDING PROCEDURES AND WELDER QUALIFICATIONS SHALL BE PER

ASME SECTION IX AND ASME SECTION II, SUBSECTION NF.
10) ALL ANGLES ARE FOR REFERENCE ONLY UNLESS OTHERWISE STATED.
II) EXCEPT WHERE NOTED OTHERWISE, LONG1TUDINAL WELDS ON

CYLINDERS SHALL HAVE SAME WELD REQUIREMENTS AS
CIRCUMFERENTIAL WELDS.

12) WELDS IDENTIFIED WITH AN I ARE CONSIDERED NON-NF WELDS.
WELDS MAY BE MADE USING PREQUALIFIED WELDS IN ACCORDANCE
WITH AWS D0I OR PER ASME SECTION IX.

13) DELETED
14) DELETED.
15) SHIELD SHELL (ITEM 28) DELETED FROM DESIGN IN JUNE 2001.
16) LID BOTTOM PLATE AND LID SHELL (ITEMS 6 L 7) REDESIGNED, TOP

PLATE (ITEM 56) ADDED TO UNDERSIDE OF LID TOP PLATE (ITEM 1OB)
IN JANUARY 2002.

17) IDENTIFIED WELDS ARE NOT REQUIRED PROVIDED THE
OPTIONAL CONSTRUCTION DETAILED ON DRAWING 1561
SHEET 6 IS IMPLEMENTED AT THE SUBJECT WELD LOCATION.

I1) TOP LID, ITEMS IDA AND IOB MAY BE FABRICATED FROM
MORE THAN ONE PIECE. PIECES SHALL BE ATTACHED BY
1/4' PARTIAL PENERAIION DOUBLE BEVEL GROOVE WELD.
WELD SEAMS MUST BE OUTSIDE 109' DIA. AND WELDS

SEE DWG. ON IDA AND I1B SHALL NOT COINCIDE.

D

B B

N 1495 SHT.5 10 INCDDPDB

w [d #R

1/4' DIA THIRD HOLE (11/2'
DEEP, 8 LOCATIONS) FOR
INLET VENT SCREENS.

7 SEE DWG.
/ 8(REF. • 1495 SHT.4

I9) FABRICATOR MAY ADD ADDITIONAL WELDS
WITH THE APPROVAL OF HOLTEC
INTERNATIONAL. ADDITIONAL TACK WELDS
DO NOT NEED THE APPROVAL OF HOLTEC
INTERNATINAL

IFEETED EC s I DY,

AX
4 -

H LTECINTERNATIONAL o]BsIIT2I•

CRLSS SECTION T' - "T"
VIEW OF HI-STORM

EDw.

N/A

1561, BA0 1575

N/A I ± (l MI) A

A
VERPA-K 2 SE PEDESTALOVERPACKqF- •,u,(EE DWG. SHIELD
......... M 1561 SHT. 6)

132
0133

1 1/2 O.D. (±1/4 AVG.) -
7/8 BASEPLATE (REF.)

(OR RMV1 VA PER NOTE Z

7 I. INIERNATIONAI I
4 "3 2 1 \D'RAIIBIO\1124\I4950RI

HI-STORM0 1W Rý 5 -1207
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I 5 I 4 2 p I

E

D

C

90•, • SHEAR RING 25 112" RF Rvs'(4 PCS. SPACED (4) 0 1' THRU HOLES RvDCRiT1 DATE CHECKED PI S.I

(4P PCSAE (TYP) IN EACH EXIT VENT RV DSRPIN IDT HCE HIDA

EQ:) SEE CUT-OUT 5 25' ±3/16 (TYP.) HORIZONTAL PLATE 8 .INCORPORATED ECO 1024-I VLE-.. 'RC..o S. -
012O.2-10-00 3-16-00 -16-0O 3-17-OC

DETAIL 9 INCORPORATED ECO 024-34 1... •' ,0 II . - 0 . .IR*,

.lo3 1/. .c ID-Il-D, 10-11-01 10-11- 0 330652,2 TOP PLATE SEV sUMARY OF CHANGES/ PREPY. DAT-I o - . AFFECTED ECOs R OY, DATE .

075 .D• i * .oJo. (4 PCS, SPACED 9 .• ..... ... ..
7 1 D 3-(16 D 9 INCORPORATED ECO 1024-44 T.F.D. 2/6102 39781

-- _ - .5*<REF) EQ.--0 ... .E E .) 1 INCORPORATED ECO 1024-47 SL.C 2/27/02 30763

12 PP 1CDRPDRATED ECD S044, .LC 3411202 03036

5 d 6V REF. VTSILRN REV. I03.

/ BRAEAKA-TO02U

- ,' (•P.) N SHEET 2 Zd• • , •PC

ITEM 9 & 56 PLATE LAYOUT 14

4- 2 112'

3/4- ""103 B.

VIPER NOTE 2. -<(CUT-OUT DETAIL
ON SHE 2 PENETRATION) ITEM 56 BOLT

L CUT-OUT
R 54.5 1.n. (ORIIDOULE V) R54 0.ID.7

(REF) AS REQULRE) (REF)
OVERPACK A EURD
OUTER SHELL VI PER NTE THREADED HOLE FOR

EON SHEET 2 SECURING EXIT VENT

INNE R66O.DSCREEN. (TYP)
SHELL 3(REF) 51.SI5 B.C.

-- -- - -ZI O " 3 ' I 'I' 3 , 5 ['••(E ) '- L D S [ L (R E F ) •I0]• (i'o

2 __ _ 
FOR WELD PREP. BETWEEN , H E]Lk T K CD....

. . .ITEM 56 & ITEM 103HOBEC ý"
INTERNATIONAL C0ILT(•ITN

UNDERSIDE. ON VENT SIDESd IEooj.

SEE SHT. 1561 SHT. 4 S'CTION "Y'-
I 3 o OF HI-STORM

N/AVT PER3/8 
NIA 

i ••• O[TN

AN SDEE 17E OTYM NOTES: M•5WA• 5n'

I) SEE NOTES ON DVG. 1495 SHT. 2.
EE 1T 

1T 
T4 

9 5

C

E

D

B B

A

I 6 4 3 I ýý

HI-STORM 100 Rev 5 - 6r11O07
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7 I 5 .1 4 p 1

B

15 ± ' _RE AIOIIS

(TYP,) REV. SUMMARY OF CHAN•ES/ PREP. APPROVAL VIR

11 INCORPORATED E.CO.#, 1024-47 S.L.C 2A27E 2 ' 37

OVERPACK 13 INCORPORATED E.C.O.'# 1024-47, 3 /1/2 351B A S E P L A T E 1 2 S .L . 3 / 1 /2C5 1

/813 INCORPORATED E.CON, 1024-65-S. L.C 12/20/0Z 2935

(STANDARD) * ISEE DETAIL 0 DRILL TAPSEE NOTE 3 / I/2-L3UNC TAR U(YP) /3//16 4 o/2. PLACES

WELD ITEM 14 
o 1 "1 "-,\ t. ITEM I

ON SHEET 2 
o

"xT PER NOTE 2. ,q 4 .. -.
(4) SHIMS LOCATED #Z# ITEM 57

OVERPACKI 9D' APART A 1/4 VT PER NOTE 2\ 'D W \
OUTER SHELL 2 1/3 D"\J ""'•", ,,45°

"'"-o o .i o.° , /
A / V THREADED HOLE FOR

o /RN SHEE SECURING INLET VENT

3'A 75 /4 , 'A SEREEN. ITYP)
(LOCATIONS /' :

o A AS REQUIRED) R34.1875±1/4 (AVi -) /
m(TYP 3/8 • \. , " / '•2 ~ ~~~ ~ ~~V T P E R N O T E 2 . \o , " ' • •/ / '

_z j -

ON SHT 2. o A o
SEE NOTE 17 0o12 o? A¢ o •• • •.° °

21 (REF.) --
9i4 OVT PER NOTE 

S. 
SHELL OIII .

Ig A1 X .5 RU--EFm

N 2PEDESTAL 
IOUT IN ITEMSEE 

5 
A

ON SHEET 2 .DT 21 OUT INETEMITER NT
SEE DOTE 17 14 SHIELD E T C
ON SHEET a NOITE1ITRA ONL CRL

31

2alE

C C

B B

A

64

(TyP. SEE NOTE 3
3/8 THIS SHEET

• DETAIL D
(OPTIONAL)

I) SEE NOTES ON DVG. 1495 SHT. 2.
2) OPTIONALLY, GROUNDING STRAPS MAY BE DIRECTLY

WELDED TO THE HI-STORM OUTER SHELL USING A
A WELDING PROCEDURE APPROVED BY HOLTEC.

3) WHEN USING THE OPTIONAL RADIAL WELD PLATE (ITEM 64),
THE RADIAL PLATE PLATE (ITEM 14) LENGTH MAY BE SHORTERNED.
THE OVERLAP BETWEEN THE RADIAL PLATE AND THE RADIAL WELD
PLATE SHALL NOT BE LESS THAN 1 1/2'.

SECTION 'X' - 'X"
OF HI-STORM

N/A

OR - 1495 ,?
N/ 

57 I [ I IT I 2 I q I L_

I h I 7) I4 .I I I 1 DCU -

HI-STORM 700 HA, 5 - /2107

lwalcourt
Rectangle

lwalcourt
New Stamp

lwalcourt
Placed Image



6 J B I
REVISIONS

19HO REV DESCRIPI IN I DMIT CHUC[EDI P-4 OA
'BS[EI3 81 I .6U. IS.S

8 INORPRAIED L 1024 1 -2000 3-16-2000 S

INL0RAINAIED ECl 024-3, 34, <L VIol:
DRAIN PIPE @2 RLV •l 16I.41 LOI Ti v 36. 10;1 I 0/11/01 Ik/III01 639931

w,- /; Rcv. Iu URy FCý-E.' 6RE. KýiP'D i ',
6 (TYP> "" • .... -_ -• - NI I.NCDORATED ECO, C264-6' LC 12027C- e9C3I

VT PER NOTE_8 " , \
ON DWG 1495 SHe F I2" NOTES:

Z, . SEE NOTES ON TWO. 1495 SHT. 2.

/ / i - ----. '\ AS REQUIRED/~ ~~~~ // "" "4°, T PER NOTE 2_ ON/WG / \/ " .. 1495 cH T'

!6 / 114 /SE /W /L

1sU /2 _ L

9F1 EF)C THRAD HOLPE /2)SHIELD BLOCK

/16 / - SHIELD BLOCK SHELL \IECIFIN A-A

' • /LOCATIONS

/i/2 /7i/\ AS REQUIRED
S/' (OR DOUBLE BEVEL'

,,/ VTPR'NTON DWO 1495 SHT 2

B LID P'LUGS \\Q.(• • '• " ""0) S-HIILD BLOCK SHELLB

. ... ImmmI .......
200 ~SHIELD BLOC• RIN6 H-1LTE IC Y~'

(4) TAPPED HOLES FOR LID TMP \ L LOcCC,6,

LIFTING LUG 2 90° APART - JVIEW 'A' - 'A'

FOR LOP SECTION OF TOP LID (IDA). V42DRAIN PIPE [IF Ill-STORM

I /2-ULJNC.X 1 1/2' MIN USEABLE THIRD v 0-- N/A
LENGTH (1 3/4' MAX. DEPTH) 70o LID TOP PLATE ,

4 . . ..156)1
N/ 4102SC

H61-TOR6 00Re,5.6l21W
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/ F I 5 1 44 3 p I
2 I

RE2l0INS1

23 1/2' (REF.) CHECKED PM 0.A.

36. 1.3.U. S.S.3-16-00 3-16-00 3-06-0(

E L. 8.0.U. V1R3 ,10-11-01 10-U1-01 11387 I~
APPROVALl VIR#

DATE,

2/6/02 196812

2/27/02 1665'

3/11/02 7920o8F

6/25/02 140118

9/18/02 174049

8/7/03 191232

D
D

C

B B
N1TESj
1) SEE NOTES ON DWG. 1495 SHT, 2.

SOMME
H[ILTEC

S INTERNATIONAL CDM.JING

DETAIL 'B'
HTI. 2 LF HI-STORM

N/A
1.95,• 1575

.... 2V i J 1561 oTaGw N/A I u17Zol 2905) .4,

A DETAIL A
OPTIONAL ASSEMBLY

l_// •(ITEM 9)
VI PER NOTE 2.

ONVIWO 1495 SHT2

A

DETAIL B A
I F i-I
/ (I I h I ? 4 >i ) 1

3 I
2M

HýTCRMlWR-5-W-7
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2

5 3/32"'

±1/4

4 1/12±1/4

GAMMA SHIELDING CROSS PLATE DETAIL
(AIR INLET)

VT PER NOTE 2.
ON DWG 1495 SHT 2

VT PER NOTE 2.ON DWG 1495 SHT 2

NO NTESO1) SEE NOTES UN DWG. 1495 SHT. 2..

-R 66 1/4' (EF)

2

HI4TORM 100R-~5-6ýIWV
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8 7 6 5 -A- 4 3 1

CLIENT GENERAL LICENSING DRAWING PACKAGE COVER SHEET

PROJECT NO. 1024 P.O. NO. N/A

DRAWING 369 TOTAL 1
PACKAGE I.D. SHEETS 12

LICENSING DRAWING PACKAGE CONTENTS:

D
REVISION LOG

SHEET DESCRIPTION

REV AFFECTED DRAWING AFFECTED PREP. APPROVAL VIR#
ECOS BY DATE

10 SHEETS 2.A.5 & 6 102-MIO.R0 am1 ,.,- owýv, 30563

11 SHEETS 2.4. 5.66 ,& -,oR.RToPHAS, sLC NOlnR 22605

12 SHEETS2.4.5.66 1024-120.0 I. NA`m41 11220

13 SHEET 6 1024.122 R6 D 6B10, 050I4,6 36052

14 SHEET8 1024-124. RH 446 651.7,6, 16513

15 S.HT2 1024-126.60 R2 ow 32414

TIlE VALIDAlS IN[DENlI-CArIOS HE"ORD IV'R) NUMBER IS A COMPUTER GENERATED RANDOM NUMBER WHICH
CONFIRMS THAT ALL APPROPRIATE REVIEWS I IF THIS DHATEISO ARE DECUMENTED ISN CMPANYS NETWORK.

S OVERPAC BODY INNER SHELL PART DETAILS
OVERPFAR 6005 ASSEMLTy

C

I

NOTES:

1. THE EQUIPMENT DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN
CONFIRMED BY HOLTEC INTERNATIONAL TO COMPLY WITH THE SAFETY
ANALYSES DESCRIBED IN THE HI-STORM FSAR.

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED SOLELY
FOR LICENSING PURPOSES TO DEFINE REASONABLE LIMITS ON THE
NOMINAL DIMENSIONS USED IN LICENSING WORK. HARDWARE IS FABRICATED
IN ACCORDANCE WITH THE DESIGN DRAWINGS. WHICH HAVE MORE RESTRICTIVE
TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE
TOLERANCE STACK-UP FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP.

3. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THE PACKAGE IS THE
SAME AS THE REVISION LEVEL OF THIS COVER SHEET. A REVISION TO ANY
SHEET(SýIN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS
OF ALL SHEETS TO THE NEXT REVISION NUMBER.

4. APPLICABLE CODES AND STANDARDS ARE DELINEATED IN SECTION 2.2.4 OF THE FSAR.

5. ALL WELDS REQUIRE VISUAL EXAMINATION ADDITIONAL NDE INSPECTIONS
ARE NOTED ON THE DRAWING IF REQUIRED. NDE TECHNIQUES AND ACCEPTANCE CRITERIA
ARE PROVIDED IN TABLE 9.1.4 OF THE FSAR.

6. UNLESS OTHEWISE NOTED. FULL PENETRATION WELDS MAY BE MADE FROM EITHER
SIDE OF A COMPONENT

7. THIS COMPONENT IS IMPORTANT-TO-SAFETY, CATEGORY A, BASED ON THE HIGHEST
CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT CLASSIFICATIONS ARE
PROVIDED ON THE DESIGN DRAWING.

8. ALL WELD SIZES ARE MINIMUMS EXCEPT AS ALLOW BY APPLICABLE CODES AS
CLARIFIED IN THE FSAR. FABRICATORS MAY ADD WELDS WITH HOLTEC APPROVAL.

HI-STORM 100S
ISOMETRIC VIEW

B

mmnnm GENERAL
HOLTEC
INTERNATIONAL HI-STORM100S

ASSEMBLY

A

1024 3.669 r
N/A

8 7 6 5 64 4 3 2 HI-STOIM 100 R. 5 - ý"1 t0
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OUTLET AIR DUCT
SADA SHIELD

OUTL.ET AiR DUCT
SCREEN (10 GA.)

ZAMTMA CUET
G.MA SHIELD

NOTES

I) INNER AND OUTER SHELL THICi<NESSES MAY BOTH BE CHANGED TO 14NCH THICK
IN LIEU OF 1 I14" AND 14" RESPECTIVELY IF EITHER THE INNER OR OUTER SHELL
THICKNESS IS CHANGED TO I-INCH. THEN BOTH SHALL BE 14NCH THICK.
CORRESPONDINGLY. THE OUTER SHELL INNER DIAMETER WILL CHANGE FROM
131 TO ItM 1/•.

2) THE LONG RADIAl PLATE CAN BE CHANGED FROM A SINGLE PIECE TO A TWO-PIECE
CONFIGURATION SUCH THAT ONE PIECE IS LOCATED NEAR THE TOP OVERPACK AND
TSE OTHER NEAR THE HOTtOM THE TOP EDGE OF THE TOP RADIAL PLATE AND THE
BOTTOM EDGE OF THE BOTTOM RADIAL PLATE SHALL BE LOCATED IN THE SAME LOCATDON
AS THE TOP AND BOTTOM EDGES OF THE SINGLE PIECE RADIL. PLATE THE THICKNESS OF
THE SHORTER RADIAL PLATES SHALL BE V AS OPPOSED TO W4" FOR THE SINGLE PIECE RADIAL
PLATE AND THEIR DIMENSIONS SHALL BE BE 27 7116 X W (NOM.) FOR THE TOP PLATE AND 27 711"
X ) (NOM ) FOR THE BOTTOM .ATE

A 3) MULTIPLE HOLES MAy BE DRILLED AND TAPPED INTO THE HI-STORM BODYS I UD FOR THE PURPOSE OF
ATTACHING TEMPERATURE MONITORING EOUIPMENT. HOLES SHALL BE 3/r DIAMETER (MAOX)S (MA.,) DEPTH
AFTER INSTAL-ATION OF THE TEMPERATURE MONITORING EQUIPMENT ALL HOLES SHALL BE PLUGGED

DETAIL B
SCALE 1 :10

6
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SECTION C-C

HOLTEC
1.. T.. ... I TER T 10 N AT L
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II

(RE

RAIAL WELD

INTERNATIONAL OVERPACKODYASSEMBLY

-•ECo* SUB-COMPONENT A

8 7 6 5 4 E3 1 STOI. IN RM 1 -00S
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B 7 6 5 -U- 3 2
8 7 6 5 -JL 3 2 I 1

I 7V" (REF.)

L 

6'

7A°-.

W14" TK.•

SHORT RADIAL PLATE
(OPTIONA.)

SECTION GG-

LARGE ANCHOR BLOCK

W1"THK,

S27 1ý"

D 1s1nT 11,fo LONG RADIIAL PI-ATE

.LONG RADIAL PLATE

r

0

169

Fý

F-- SECTION F-F

SMALL ANCHOR BLOCK
(OPSrONAt)

W/4" THK. L_

TlU

RADIAL WELD PLATE
(OPTIONAL-

B

ID.isnTable fo, INNER SHEELj INNER SHELL
SX=HEIGIJI00S (232)1 207 3/4

1100S (2431 219 1/4

A

OE*fl GENERAL

H 0 L T E C HI-STORM 100S
INTERNATIONAL OVERPACKBODY

• .INNER SHELL PART DETAILS
CHANNEL

1024

N/A
1- 3669 1 5

8 7 6 75 IV 4 HI-STOqM 1M R,4 5 - 6fl1K7
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H

ADL WELD RADIAL
PLATE PLTE

(OPTIONAL)PLT

OUTER

:W16 

TY.

OR

HORIZ VP

PLATE

ATp

60'

OR

60'

CONCT FILL IN I

T E L-0 ..SP. PLACES)
N E TRSPACE

DETAIL JSCALE1 "4

OR

TYP. 3
60"

jlýýIg, Tbl. f- OUTERSH
110 1 X-HEIGHT

OS (232) 207

OOS (243) 219

OUTER SHELL
SCALE 1 24

VT
TYP`
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7I 65 I 3 2 1

(ARE

r lm(REFI

-_T

D

"F (RF)"

V . V .. V .. .,. CE

K K DETA L1't SCL .....

SCC

VV*
5  

~ U (R F) (E.)

/ ET OR V JO
PEDESTAL PLATFORM SCALE 1:•2 ---6 O..GROOV

067 W)R'÷l-•- I V 14" T .

16 1r HIGH PEDESTAL SHELL
683/8OD (REF)

WIS * VT S

SECTION KC R

TODRN11 IHC(REF.

012" (5 PI.CES& CL

FOUR ON 04T"•RL

AND ONE ON CENTER A

IROL))NVS• GENERAL

ASSEMBLY EXPLODED VIEW H O LTEC HI-STORM 100S
INTERNATIONAL PEDESTAL ASSEMBLY
......... S, A •SUB-COMPONENT B

7 6 5 4 2 HI-STOqM 10W R.. 5 - 6/21M0

76543 2 HSOV 0 e.S-615
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8

LID WELDMENT

D

C

SECTION p o

B

BOTTOM ISOMETRIC
ASSEMBLY VIEW

MENEM.
HOLTEC
I NTEN A TO0N A L

8 7 6 2 HI-STOJM 100 Rý 5 - 6/I/0
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7 I

D

C
-8-FAING SURFACE

LID NUT

0
3 1 i-UNC X T L'G ;Týll

3 1144MC 
X r LG. Tý -\

---------- --II- 3 B

LID STUD

MENEM.
HOLTEC
INTERNATIONAL

1024
NIA

8 7 6 5 4 3 2 ,. 5 - -"1.07
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OULET AIR DUCT SCREEN INLET AIR DUCT SCREEN

•=3NEESE GENERAL

HOLTE C HI-STORM 100S
INTERNATIONAL VENT SCREEN ASSEMBLIES

SUB-COMPONENTS F & G

1024 D1 3669 1 OI
N/A NONE I-

2 Hl.ST0fýM 100R-5-.
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NOTE:

FOR OPTONAL OUTLET TENT GMMAR SHIEW CROSS
PLATES SEE SHEET 12.

H 'RE')f

5 EF

H U

I 24-

24 5Wr (REF.)

MANDATORY OUTLET AIR DUCT GAMMA SHIELD CROSS PLATES
ESS STEEL)(ST- NLIESS STEEL)
-- - -- -- - -- -- -

NOTE

FOR OPTIONAL NLET VENT GOWýA SHAELD CROSS
PLATES. SEE SHEET 12.

14 Wf8 (REFREF
(ALF~ K ______ ___

24-

i

(REF)

MANDATORY INLET AIR DUCT GAMMA SHIELD CROSS PLATES
MANDATORY INLET AIR DUCT GAMMA SHIELD CROSS PLATES

(STAINLESS STEEL)
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D

C

OPTIONAl OtUTI FT AIR DUCIT rAMMA RHIFI n C'RORq PI ATFS
(STAINLESS STEEL)

4 W (REF

H H H
II

21-

B

11

(REF)

A
OPT IONAIL INILET AIR DI•UCT, GAM/MAVP - ýLU blXUVOO 1-1- 1 •;O

(STAINLESS STEEL)

8 7 5 4 3 2 HI62TOM 1-0 R.. 5 - 6(211ST
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/ 6 1 5 L I

REV.SIONS
U-f

REvI17 SUMMARY OF CHANGES/ArFFEE DDEs IPREP BY:l APPVpAL DAIE: I VIRi:

K INCORPORATED [09: 1025-35 I Ia lio/ol/l 61191 E

D

/

C

I

,i
#

B

I8IJ"

PLAN VIEW
NOTES:

I) SERIAL NUMBERS ARE TO BE PLACED ON ALL LODSE COMPONENTS ASSEMBLED IN THE FIELD 0,
COMPONENTS WHICH MAY BE REMOVED TA FPEVIDE TRACEABILITY.

P) DELEIEO

3) AL VELDS REQUIRE VISUAL EXAMINATION (VT).
ý) EXCEPi WHERE STATED OTHERWISE, TOLERANRE ON FINISHED DIMENSIONS AI/4.
5) ALL LINEAR DIMENSIONS ARE IN INCHES
S) NONDESTRUCTIVE EXAMINATIONS AS FOLLOWS

a) LAOULD PENETRANT PER ASME SECTION V, ARITICLE 6. ACCEPTANCE CRITERIA PER ASME
SECTION III, SUBSECTION NF, ARTICLE NF-5350

b) ViSULL EXAMINATION PER ASME SECTION V, ARTICLE 9. ACCEPTANCE CRITERIA PER ASME
SECTION III, SUBSECTION NF, ARTICLE NF-5360.

c) MAGNETIC PARTICLE PER ASME SECTION V, ARTICLE 7 ACCEPTANCE CRITERIA PER ASMF
SECTION IIISECTION NF. ARTICLE NF-5340.

7) DELTETD
8) FASRTICATOR TO MAKE FINAL DETERMINATION AP THE LOCATION AND TOTAL NUMBER OF
• CIRCUMFERENTIAL AND LONGITUDINAL WELDTS PEQCIRED

9) DELETED
10) THE EXTERNAL SURFACE OF THE CASK SHALL BE FAINTED WITH CARBOLINE 890. THE INSIDE

SURFACES OF THE CASK (EXCLUDING SEALCNHS AREAS) TO XE PAINTED WITH THERMALINE 450
OR EOUIVALENT. THREADED HOLES. PLUGS, SEALS ETC. SHALL NOT BE PAINTED.

I1) STEEL USED IN FABRICATION SHALL MEET THE REAUIREMNETS OF ASME SECTION II.
I) WNELDING PROCEDURES AND WELDER DUALIEICATIUNS SHALL DC PER ASME SECTION IX AND

ASME SECTION ITT SUBSECTION NF
13) ALL ANGLES ARE FOR REFERENCE ONLY UNLESS OTHERN/iSc NOTED.
III ALL BASr METAL THIFKNESS IN DRAWINGS ARE DEFINED AS REFERENCE DIMCNSIONS.
15) VELDS BENTIFIEL V[ T AN ' ARE CONSIDERED NON-NE VNLOT AND MAY BE CEDED

USING PRCQUALIFIED WELD PROCEDURES FROM ANS DI.1.

-JACKE T E.ND PLATE D I A.

SE S

TYEP. POCKET
OV FFSET

MENEMJ~.

H-l 0K T E C 0500010S

IN TE RA 4T I NlAAL CNS IN609

125 T17N HI - RAi OU T[ IN/i
V.I[ H PUCE LID

NIA

A l88.

D,

,'N

7 I 5 'r- I
I~ G\DPAWINIS\Wb25\TRNSFER\1880-IR8

HL.500MM IOORe 5-6r21007
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7 I 4 :3 I :3 --I- - i I
RNoES C5) rABRICAIUP M4ý ADtl ALDIIINNAL 'ELDS PROVIDED APPTROVAL ISI

I SEEN WG 1890 SHT I OF 1r I RECEIVED (PUM HIL TEV
?:NDEL- u•, IN

A (15" ANGLE MINIIIUR). U.SE [IF BACKING, RO71f OPENING SIZE, AND BACK GOULGING I
'FOR WELDING FROM BOTH SIDES) APE AT FARRICATOR'S DISCRETION.
PARTIAL PENEIRATION W/ELDS ALSO REQUIRE 45 DEGREE ANGLE MINIMUM.

I94.625±25 WATER JACKET 18D Pl ATE OUTSIDE
81.250±.25 (AVG.) OUTER S-IL L LiD OUTSIDE

Z77 (REF) BOLT CiRLE

6 9 SEE SHYT. 6 70 A

RVISIONS

SUMMARY OF CHTNCES/AFFECTED [C~s

INCORPSRRITED C 105(0-35, 13, 6 &

}YýEI,-, VS W~E VIR4

:1/30/N 19m1 F

ri 0

C

B B

H El L T E I2 ANALYSIS
INTEF-•rAT IDNA.L CONSL. T INF

125TTON TI1-TRAC BODY
SECTIONED EL EVA [ION

N/A

j•5

7 1 15
A

3 ^1 1
74 3 I. l

[NA DO:\DRA VINGS\ 025\ TRNSFER\1880-2RID

- 60 1 M7
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/ ,5 2
RIVISEINS

RVI SLPMARY O CHANGES/AFTECUE [Cgs PREP BY: APPROVAL DAIL: yI NR
9 1 NCOPERA[fl [[I IOP5-35, 13, 11 5 i.I.0 I1/30/91 96165 F-

0
r)

- I

B C;

180,
vT "IO I'lOTE 6E ANT jl * V~38

(8) 3/4' DIA. DRAIN HOLES IN WATER JACRE T' J0ALo 3/8E PER

A END PLATE ON 83 1/4"1/4 DIA. B.C. P I NOT A NT

174' 76°32177°22"26r312 & 357(. DETAIL-770 RF)Z RADIAL RIB

/HEILLTEC•
I~~INTER.N-TTDONýL CI]OMU IING

T125ON HI -TPRAC BRODY
TInNED ELEVATiTN "B'-'B"

SOE.EAT.

OA BAT

DETAILI,\ 1 BA.. I

88 0 r .

I 1
Il2..&ý BRA VINSV025T fWjj & 5.L,

lwalcourt
Rectangle

lwalcourt
New Stamp

lwalcourt
Placed Image



7 ) '1 C,1 ¢_

REVISIONS
REV SUMMNy UF CHANGES/ArFEHIEH EHls PREP BY APPROVAL DAýl[ VIRP:
I0 INCORPORATED ECO-I25-35 t 12 1 D. iI/33/I01 sK4

NO TES:
1) SEE DM/. 1880 SHT. I Yf 10.

D 0

BOTTOM FLANGE A

c-

90-

B B

1900
PLAN VIEW -LLIIKING UNDER BOiTTO3M FLANGE

HDLTEC.

1?5[TUN TRANSFER CASK
DETAIL OF BUTIOMl FLANGE

• =9Md . , ,ooM

L
0

.A

A
7 e 15 1 31 rA I

/L-ý-AG:DRAWJNGS\025\ TRNSFER\,IH80-4 RIO
HI-STORM 00 Re , 5.6-2/7
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PISEDEvi PEP0 NF _k i SEE DETAIL C
NT ORM ikPf [INAL S.,R[AC[ ?[ ' E . _ 33-375' (REF)9

SYF1.80 10 II 5/8 / OR M1 CIN
8

[ SLffACP .\[6 .'"" NiTI
>777F7-G% V[1- E~ 6666 NEIPT AM5 ... i iL 7 \ M %~//AK YY ''7''"/4 /77. '~{/.~iV/ ''jMT

I

11 v.1!O\S
00 6 G S/7(t1EC05 PREP BY4 APPROVAL DATE: IV10:

681(6 FCO 0 -35,5 i. 8. 6 & 4. IF.f 1./30/01 151413 r

D

c

Z•~~ •DTI".-•/ "// "x•L/•o /(...v.'/....' .. NO Ttl .

"D- -5 50' (REEF.,

SEE DT AIEE DETAIL
SE EAL''- RE JO). (I. of) TIL

,-(36) 1-8 UN X I' MIN USEABL 10THREAD LENGTH X 2' REF. DP.

V1 PIR OFI 6b .. & -, /. / TAPPED HOLES 9 10' APART
PT CNAL SURFA1CE PER -' " -'-

5/8 ' ,/j 2 -~093 (RE'.-
/ . (4) 8.9/5 -9 LINE1 X 1.5 ý ~A DEEP EJETIN6 APD HI

(PLULIS ARE REQD) HLSs ION\ v A 0 56 C C4- 3.5
/ EUALL C SP CU5

7/""-093.75" R(F.-

/~45' 10 DE TAIL LD
N90.O"B C. "" " -/

/ (R FI)

270- 90,

/ D.625' (REE.)5ASKET/\ \ ~ GROOVE I T / A '
I' SCH- 90

i /.... SA 106B C;
0 7 5 ' L. U -- ---- /

(P E F.)87.375' (REF.) GASKET/
(REF\/ GIRD]VE 1.1. /.

TOOL RADIUS-\ \-

nF' \X2,5 ±1/8 -/ ,/

01.375/+1/16 D80*
DETAIL A I BUNC WIT H2 DE3

SCALE: .3?3= I USEABLE THREAD. SEAL

C DWF. 1880 SHE. 1 OF 10.
POT FACE AS NECESSARY FUR A FLAT SURFACE.

0 87.25 REF-

EF 75 REF

A / TOOL RADIUS-I"C

R- A

" .M . 8P75E .-- , \

DEF )TA
- i DE TAIL T'C

0 5 Z125'TN TASFRCS

7//i'T10 VPER NOlE 6b.

DEDTAIL O FI TEM 3 0A
SCALE: .32 I 1____

m s...
S880 CULTE

WI I1P5 UN TRANSFER CASK
DETAIL OF POOUL LID

-AIL ' B' 1 ,888 ~ 81

E: 32 = I-1

D

-- P

B ii

,1

7 1 9 3 G: \ DR4 VINOS \ 1025 \ TRNSFER 
\ 1880- 

5RIO

•TORI,•4OO4•e•

7 3 I
L'\b:\VLkA WINbS 61035\ TRNSE ER\]1880-5RIO

v5.-6a21M7
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7 I E,I /1 -3 I I
MvsIONS

1 L 2 l D (24) 1-8 uNC X Z' MIN. SLUMLE SUMMARY OrF HANGES/AFFIr [CF s PO[P B: APPRDVAL VALE: VIRI,0l 5'•5 r - . • T H R E A D L E N D T N x 7 ] ..' p " R EF r D V . II 0N (~ l A E E 5 H 6 f F ]. 3l5/3 S , _5-_
0 \ TAPPED HOLE P 15° APART INCORPORATED [CD 1025-35 & 6. /0

- -"NO TES:
/. A . .1) SEE DWG. IB8O •Hr. 1 OF 10.

7 ~ / 'KS\\\ LEAD P-OUR HOLE A

".'> 4 077 B.C. (REF - \\%\ \ 'A' 030"1-. ,//• .-0313 • \-]T HPRU I' E.

07 3 "-.. /.--• \ % A A 1/4 \
•/ ®7381a5 (REF 'A' • VT PER NOTE 6b.

-~ (SHEETr I)

I/Il ~(REF.X F,---__ _ __ __ _ _ _ _ _ _ K -4 I _-1 ' -

0.o5' 3/1•

S ORFENA TION PUNCH
MARK '0 HER. /-63.75' !.D- -M,4RK" O"t..IE•E. .4375

-.0313 /A / - / /

/ASEC TION "1A" '1"A
(SCALE:25 1)

H [] L T E: C ...
INTERNATIONAL W .0 0 a1w

125TON TRANSFER CASK
DETAIL OF TUP FLANGE

AI

'-0-:\DRA6/IN6jS\108?5\ TRNSFER\1889-6RIO
HI-STORM 100 R- 5 - 02I M7
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7 C 4 I

,- ."/ " FE NO V 5 UN SHT 'A )1,q''• I 8 ' .V i PE[, N] I[ " 6 A • l a ;i S bN ,Im y

\(OR 3/16" fILLEI E A)
=__- •"\, -I - : r 'ER ,.KING • i(-4.•

, P--bN I N G 1.

HNT [J-u L !EC ML

I IJTER N4 TItt QNA [s.LI

185 1iN TRANS17ER CASK
DLTAIL Df TDP LID

' *' 180
1310/ pf3

G. \[RA WIN6S\1025\ TRNSFER\1880-7R9

HI-STORM 100 RIei 5 -6r21107

7 15 4 U
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.7 5 - --F;
REVISIONS

I REV SUNMARY OF CHANGES/AFF[EIED ECUs PREP DY APPgOVAL DATE I VIR

s INCORPORAIED [ED-I025-35, 13, 12, 8, 5 t 4. .DF. T/O3/Di 0 106/

a (a." A,, 07)

/ (~~~~6A, VT PER NODE S. L.AND I ~ '~' 7Y
FINAL SURFACE PER NOTE VIFIN S [ V PER NOT E. I AND el
DP NI FINAL SURFA[E PER N D FINAL SURFACE PER NIE 6.

(D I, .PE R MITE 6.

A_ _ _ _ _ _ _ _ _ _ _ _ f YR.R 4! FINA SRFC E
6 • \--FLAT BOTTOM THREADED

VT PER NOTE 6. b. 06. 25 HOLE WITH RELIEF

, HRE iEl 1875' 5/b \.
"______0A" + I T/3 / RELIEF VT PER NOTE 6 b. AND Pi

AFINAL PT PER NnOT 6.
DR'" TYP . N) C I R -I FINAL SURF NAE S[ RAE PR 6 Nc

3 6 ESTE NOTE 3I SHi 2)
26(8125 (REF.)P

(i5 3/16 /

c T YP. >- F /s C.

V1 ER NOTE G b AND PI 5/8 V R(TYRT) 1. A T YP.)
__ __ _ OUR AC1 PL ARE 6. a FINAE SIFRr EE PER NOT 6.11

-- NODEN3, N-U T) TANCE M A D a., SURFACE PE ST -UDN 1.CC NT3aI

./P4..I ITEMS 4)C PENODE c.
( )E NOTE 3, SHI W) •.080SH.IYP.)

90) VT PEP NOTE 6, b. AND PI

SECTINN X N FINAL SURFACE PER NOTE 6 a8
DEON MT FINAL SURFACE PEP, NOTE 6.c.

(TUNOIOTSn N SEE NOTE 0, S/I 21) ~ 18

".X P,' D' X OS L T E C ...

61A -) SE D

90° Vi PER N3ITE 6. b. AND P
IFINAL SURFAEPRNI E .o 

.. ,,,
(EU R MI oFNA~s .. . .S I .URFACEsI0 PER %lI .C_ > •• •'' [ 1 8• •

SEE OR 3,SSH 2)

6:\URAIVINUS\I025\ FRNSFER\1880-8R9
HI.STOR0 1008 Re, 5 - V2107
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NO rES.
I•) SEE MU. 1880 SHE I OF 10.

5.S75 ±I/R

'A'

"C

mmmmm......ME E Wul I T E , ....
HOLTEC
INTERNATIONAL COi w.

12510N IRANSFER CASK LIFrING
TRUNNIUN AND LOCKING PADI

VIEW "T '-"F"

DETAIL OF LIFTING TRUNNION

HI-STORM 100 Rk 5-627
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7 6 15 3 I
REVISIONS

liV TSUNIMARY OF CHA •ES/AFTECIEFD ELs PREP BY: APPROVAL MATE: VIR4:
I 9 I NE•RPORPAIED lEO iO25-35,125 &A IT.F I1/30/O01 530t

NO TES:
1) SEE DWO. 1880 SHT. I OF 10.

L

pD
'70' I I

SEC TIUN "D"-"D" -T`
- -12 , .175

I_ -D - (REF..

(.

B

p 3.136,

QL)

co-

To5

± 3/ -IS

(CUR DOUBL E V)
0, ."VI PER NAIL 6 b AN] PI

< AS REPLIJREO) FINAL SURFACE PER NITE 6
,", " "- \OR 4i FINAL SURFACE PERA, .NEIL bc.

" / / ," ,1 ',-5,,,,//.4.__ ____-_

" VT PER NOTE 6 b. AND P1
F INAL SURFACE PER NOIE 6. OR

NOTE,; MI FINAL SURFACE PER NAIL 6.c.
CUT OUT ITEM 6B /I // " 5/8 ' (SEE. NOTE 3, SHT 2)
WHERE POCKET I . /
IRUNNILIN LOCATED 1 .- NOTCH I TEM 283 A 12 4

\ FOR POLCKE I RUNNION

-VIPER ,,lE v . AND Pi

,v . T . . FINAL SURFACE PER NOTE 6. o.I "II " / / T OR NT FINAL SURFACE PER
I 'P . b (SEE NAoIL 3 SAT 2)

".•P 9IE. 90 MENEM'

18

i r

BT-
r,-•

!

F :-,
Is

TYP..

VT PER NATE 6. b ANf PT
FINA SUR''ACE PEIR NT 6. N.
CR N1 FINAL SURFACE PER
NAIL Sc. VI PER NOE 6 b. AND P1 >GIRTH SEAM

FINAL SURFACE PER NO[E b S. /0o\
OR NT FINAL SURFACE PER (OR DOUBLE V)
NOTE 6.c. VIEV "Z'-'Z' FROM SHEET I

SEC TIOIN "F-"-"F"
HLIL I LEINLTEINATIDN4L Cý-LwIo.o

085TON TRANSFER CASK
VIEW "Z'-'Z

A • , 1880

7 /c-s pD 1 p

:\DRA WINGS\1085\ TRNSFER\1880-IOR9
HkSTrORu 1001"5 -6r21107
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8 1 7 6, I 4 I I

CLIENT DESIGN DRAWING PACKAGE COVER SHEET
GENERAL

S0
PROJECT, NO. 1024 P.O. NO.

DRAWING
PACKAGE 1.E. 3187 [TOTAL SHEETS 2

DESIGN DRAWING PACKAGE CONTENTS:

REVISION LOG

AFFECTED DRAWING SUMMARY OF CHANGES/ PREP. APPROVAL VIR#REV. SHEET NUMBERS AFFECTED ECOs BY DATE VIR

0 INTIAL ISSUE INITIAL ISSUE T.C 8-7-00 N/A

I SHEET 1 ADDED GUSSETS
& SLOTSEE HOLEoS S. GEE 3-3o-OO N/A
2 ECOS. -DeTlED UCU E0A,- oF0 

/ 27
2 SHEETS 1 2. -DT.ORL CRANfgCs vA<•m 7E . . 1/29102 27911

"INAG. S

I THE EQUIPAENT DESIGN DOCUMENTED IN THIS DRAWING PACKAGE
IAS BEEN GONFIRMED BY HOLTEC INTERNATIONAL TO COMPLY
WITH ILL APPLICABLE CODES AND STANDARDS.

2 THE PURCHASER or THE EQUIPMENT MUST ENSURE THAT IT WILL
INTERFAGE W1IH THE PURCHASER'S FACIUTIES AND DEVICES
WITHOUT INTERFERENCE OR EXCESSIVE CLEARANCES.

3. THIS EGUIPMENT MUST BE DEPLOYED IN ACEORDANCE WITH
"OLTEC INTERNATIONAL'S INSTRUCTIONS TO ENSURE PERSONNEL
SAFETY AND TO VAINTAIN WARRANTY PROTECTION PROVIDED By
[HE GOVERNING GONIRACT.

A THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THIS PACKAGE
IS THE SAME AS THE REVISION LEVEL or THIS COVER SHEET.
A REVISIOV To ANY SHEET(S) IN THIS PACKAGE REQUIRES UPDATING
OF REVISION NUMBERS OF ALL SHEETS TO THE NEXT REWSION NUMBER

S. CRITICAL DIMENSIONS (INDICATED BY AN ') ARE ESSENTIAL TO
ASSURE EQUIPMENT rUNCTIONALITY.

6. THE ITS CATEGORY O A SUB-COMPONENT IS THE HIGHEST
ITS LEVEL OF ALL PARTS THAT MAKE UP THE SUB-COMPONENT.

C.

SHEET DESCRIPTION

I CVUER SITEIC

_2 ASSIAT, DRAWIN.G. 0 .L n1 OUTGO OLS ANO NOTES

PROPOSED BILL OF LADING

SUB- ITS APPROX. E
cOMPONENT ITY. DESCRIPTION CATEGORY WT./LBS.

A 1 LUG AND ANCHORING ASSEGBLY IS-H 11.650 2

A

MmmmmM -, GENERAL

HN TERNATIIONAL LUC AND ANCHORING DETAIL
T-STORM TGFOR HI I2OA

1" 024N/ " 3187 I

"N/A I
8 I 7 6 5 t 4

HI-STORM 10TN NE. 5 -N6l21O7
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N £ 2 I
7 4 ,-• i Ia 7 5 a 4 2 1 1

. THI

DT

NOTES

A•. DELETED

,&2. DELETED

3. ALL AGCULAR DIMENSIONS ARE REFERENCE,

UNLESS OIHERWISE NOTED.

ALLO' 7 IS MATERIAL WITH A MINIMUM YIELD
LN AND ULTIMATE STRENGTLS PER FSAR TABLE

2.0.4. FSAR TABLE 1.2 7 PROVIDES SEVERAL
ACCEPTABLE MATERIALS.

THE HI-STORM 100A DESIGN IS ALSO

I • APPLICABLE TO THE Hf-STORM IDOS
OVERPAC4. IN WHICH CASE THE ASSEMBLY

DEL ITEM 5 WOULD BE NAM.ED H.-STOOM DOOSA.

OLUG SUPPORT RING

180'

A

-I

3

270* SECTION A-ASLOTTED HOLE DETAIL
PLAN - SECTOR LUG AND ANCHOR BOLT ARRANGEMENT FOR HI-STORM 1OOA

(ITEMS 4 AND 5 ARE NOT SHOhN)

BILL OF MATERIAL

ITEM NO. OTY. MATERIAL I PART DESCRIPTION I REMARS PART NAME IT EATEDOTY NEHESE -, GENERAL
H OLTE-C=.-

INICRNA T 1C N A L
LUG AND ANCHORING DETAIL

T- .IUOU oT S, FOR HI-STORM 10BA

A

SA56DAE7 "TK.ý1612 . A 1ASELAT HEL-- ITEM I 21 I TA I OADE 70 2 O ., 16 1/ . A 1575 OF HJ-STOTM 100. BASEPLATE S-

2 I CA 516 GRADE 70 3/4' ITHIK . 132 1/2 C 1D T 07 1/2- P.D ING MAT AL MADE FROA CORE IS SUPPORT A S
T H A N O N E 1 P C ET

3 32 SA 516 GRADE 70 3/4 -TOK. k 7 -WIDE U. 16 -LC PLATE GUSSET I

4 26 ALLOT -Z' 02".16' LC. MIN.. 42- LC MAA. (BELOW THE NUT) STUD WIT 4EAPT HER NUT COUP WITH NAUT 1024

N/A
35 3187 2 2

NIA I ý-5 28 SA 516 GRADE 70 11" THK. 5' WIDE N 6- LC I PLATE MWAS ER NiTS /2\
A A t
8 IS f 4

HI-STOIRM IN R-. 5 - M1107
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7
NOTES:
I) SEE DWCO "k

El

El 5 I
1HT 2 FREV -F -SUSP.AROfl RE NG[S/AIEIEE[ElDCs IPREP RYlj APPRBVAL RAIL: I 105ý

117 INCRRPOOAIED [CI] S0 5 &. 4. 1 EO. iJ/I PO(2) 3 1/4 0 FHRU HOLE IN
ITEM 2 TO ALIGN TRANSFER
CASK V;..H .I-S.ORM -.

T E(36) T- D UNC- HL (MEN) US APLRETHEDTAPPED HLEP1*APART I

D
'B'
K

11.00L P7.000
OUTLINE I\ . .

OF DOOR-I , co SEE TIL O N

I~F~ I' s iF ,r[N5 PAD

I 01i.121

I[. ]@{/ "--' -

/EEF...

/ /" "\S
[: // -- A

./ A57.5
(REF. /14 'RET.

068.75 1.D
''4375,-0)

A (AVG)k2 ._/ 3,

51 5/8 /
p TREE. (4) 03 25 THRU

-- HOLE IN ITEM "

$4

/ Vi PER A I [ ,I
14 5/I O .j2 1111F R

SURFAE TEAR NUINA1

L VI ORSPER NITETJ4

-LD IEM 5 K 21
2 3 D0R 5~X~3 8A \WITHl IETEM 3, 2, 2 1

:DOOR B!a l-0 4 L, No !4.
w STOPPER R30[OLEi bT INSIDE

{" , • 310 i ',VITH 11[m• 5)

0.5 (REF 1 4058 "R E - (yp)
SI 1 /'4 -1 ,'i6)

- 7.75.TYP REF HULI X 0? ZF.D
- 400 TYP' REFF-AL 1/1511051..1

i , 8 ASECTIQIN 'TI '
• iHREADED

7" 'HOLE

LE ------- _--

3 f p) I ý ITP -10~ 2-BI

4 2 (REF.)TI

ECTION TC' - DC' DETAIL "B' @
SCALE .125 m 1 SCALE 5 _ I

Vi PEAN 10[4 -. // S- F\
0 Pi FINAE SM ~ALL -[.R 10 7

OR i.41 FINAL SU PEC L 111 13

'1/12 45- PA/NFRA A 12.:25 ./-[/4

6.375 (REF.) - SEE DETAIL 'B'
72.750 (REF) I

SECTION 'A' - 'A' (i1P) Vi PER CT(14

(DOOR NOR SHOWN) PLR TIT 7 O 1/4
1-MTINT1.STORFAE[ A

NOTE: USE
C/S WASHER I 0,
IF REO'D. Immmm.........

.D 1
HE[]L T EC Isis.

3 - 4 UNE I ? I T L
X I MIN DEEP HOUSING DETAIL
USEABLE T 2)
THREADE D HOLE CLEM NI

ASECTION 'B' 'B .
ETEI_ _

D

h0

B

L
&D&

m11 B

SCALE: 125 = I i'~ NIA I LDT- F5,

7 7 I 5, I '~0 p ^ 1
2 I

LLL 0NRAVINOR\1025\IRNST[R\ignOR-IAT

HI-STORM 00 R. 5.642,5
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7 LI 3 2 I
I-

£O.0 -I/0

72.750 "REFI

36375 "REF.) -

Q® '*)

NIO I L:
ITEX 14 WILL BE
ON OTHER DOOR 2

VT ?[R NO1TE '

vi ?ýR NOEP 4 171,

i0 (T I` 41:[ StMPAI 4lo I t/~\ PT III q 3 25.0

9 ----- ---- Y- f -- P---- A~ (RE F.)
3/ 0b VFP O7 O PT FINALaIAE0CI -

SEPIVET ~ N I r~l 7 op -,. 1v
-- I(T0INALSRFC ER NOIE i PATE Vi Z

09 > jl. 1. 175
VIPER (ET 1

1
T ,. / i1. -. T

NOT 4 1 1 .TO &f" (IPE ".

/1\VT PER NOTE A /
D TEo I7412 SEE WELD DETAIL

PT FINAL DIMAC 1/H17 MUDN LY. B A
OR M i FINAL 010020PER OOF13 LAN VfE\0

vIPE,,O[tPIIHP

4 OP. A 7.5 'lIVE 050INLS A~ E SIDE J3' :01/
UT55 OU T IN TETH 8 , ) ~~I 501SEEARO

A MIRROR TIAGE
IHIS TTNE

--l I o

4--

-2_TO 14 "-' A
A\ 3.25 -1/8

13 9.25 1-1/8

SA -" 9.25 ±1/S

- 15E)A

ASIDE VIEY

SLBMAY CF EONCF/OFFFETC ~C P ?FP BW: APPROVAL BAT[: I 0091
lCNUCPRIED [111102535, ', 2, 8 k . 1 1L 1!/30/01 E98 E

NOTES
I) DIMENSIONAL +iL/RANE 'i/B CXEEPI NU70D
21 IWO DOORS R00 .
3) PAINT iH (OP lSURFACE OF IHE DOORS Wi( TAHLRMALIVE 450 OR

DALITVALEN AND a& L 1THER EXTERIOR SURFACES VIiH CARBOLINE 890
4) ALL WI DVS KOUIL" VISUAL EXAMiNAiION PER ASYE SECETON V,

ARTICLE A, ACCEPTANCE C.ITERIA PER ASME SECTION II[,
SUASVCiTON NF, AICI N, -5360

5) ALL LINE
4

R DIMENSIONS ARE IN iNEHES.
AT SERIAL MACPERA a'E i0 BE PLACED 0N ALL LOOSE COMPONENIS

TD PROVIDE T E ABiI0ITy .
7) LIQUID PENETRANi EXAMTNATION

4 
AS FOLLOWS:

-LIQUID PENEIRANT P; ASME SECTION V, ARTICLE b ACCEPTANCE
CVITERIA P ASP[E 12CiON III, SUBSECTION NF. ARTICILE
NF-5350

0) STEEL USED IN A4 BRI0ATION SHALL MEET THE REQUIREMENTS
OF AMRE SECTION ii. PART A.

I) WELDING P4OCEDUTLES AND WELVCEE QUALIFICATIONS SHALL BE PER
SECTION !X AND ASME SECTION IIl. SUBSECTION NF

10) ALL ANGLES ARE REFERENCE ONLY UNLESS OTHERWISE STATED
A 1) DELETED)

AL) EXCEPT AS NOTED OTHERWISE, FULL AND PARTIAL PENEIRATITN VELDS
SHALL BE 45' MINIMUM. SIZE OF ROOT OPEONN (F REQUIRED), USE OF
TACiONG AND BACK 6ALUGINE O(AND WELDING FROM BOTH SIDES) ARE AT
'ABPICATOR'S DJSEREilON

13) MAGNE[TC PARTICLE EXAMINATIONS AS FOLLOWS:
MPCNEfTIC PARTIiLE PER ACME SECIiON v, ARTICLE 7. ACCEPIANCE
ERITIERIA PER ASME SECiION OTf. SUASECtION NF, ARIIELE NF-5A40

A 14) ARICATO' MAY ADD ADDITIONAL WELDS PROVIDED APPROVAL
. IS RECEIVED FRIM HOLiCE

A 5) WELSIDENTIFiED WITH AN -' ARE CONSIDERED NON-NF WELDS
AND MAT BE WELDED USING PRE- 6UALIFIED WELD PROCEDURES
FROM AWS D0.I.

D

I

I/
CE 7-

7-B 8.0 *~X \X 5.25 ~ /

"• ~(REF.) QK10
375

TVP I[B 1 PEIR AON IB IVPER 1 T54
A `6 \ ) A (15/A gIox 12 101 H 134(. OEM1(4 OlD 110m4 TO,

IA.16 L1251 15,15A, 6 1 T

7

I25-TAKl X 15 BRP (PE •.'
(I' 4IM E DREAD014)

/ 7

/ I VtV PER ".

V] PER NOTE 5.00 31/16 WTI PIT-.
O7R I ý]1[ / - 2.T0

PER Ngi 0 !3 (R F.) Iw

HILI
1TRNA-2.50 r•.

(R F. -25 ON 1S

VPIITR NOD[ 4 LAAA.,

RI TINT. .UTFAC[ T ACT
P[R40]111 C[TAIL OF LIFCING PAD --\

SCALE 21 - I NI

06

A 2

ELD DETAIL

YEC(T ONAL AAAIOA• l

-TRAC TRANSFER LID
IfR DETAIL

N/A

I 8 V:

A4 : D m,2 :0

8

A I .375 
72.I

10/

A 3 5 0
+3/16,-1,1

ITEM 29

SEMTIN "A' - 'A'

7 6 IL 3 I ^ I
/1\l DBAIIA1Ii•O\T25\ TRNO[R\I928-2 RID

-6r210f7
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7 C:

REV SUMMARY OF CHAABWS/ArFECLD [O s 'L CP APPROVAL LATE VIRI:

a TINEOOPOAIED EC04: i026-28 F T l/OAl I9?"
CL

y _

(SEES

p

(
B

(SEE SHT. 3;
I

I

I

Hi-TR
•iODY

09i C W./t •>P JACKET END PLATE

7.7E LI.. ITP FLANGE
\10

(SEE SHT 2)A /-
270 2 -1/8 .... 1 L

\a , •' // N-

m PC ACCES S " I

AU 180"

NOTES PLAN S/E'!
I) SERIAL NUMBERS ARE TO BE pLaCEFD ON ALL LOOSE COMPONENTS ASSEMBLED IN THE FIELD OR

COMPONENTS WHICH MAY 3L REMOVED I0 PnVIDE TRACEABILIIY.
T2 OELE DED.
3) ALL WELDS REQIJIRE VISUAL EVAMiNAI ION (VI)
4) EXCEPT WHERE STATED OTHERWiS-. TOLERANCE ON FINISHED DIMENSIONS -114
5) ALL LINEAR DIMENSIONS ARE IN iNAHF
6) NONDESTRUCTIVE EXAM[NATIONS AS FOLLTHS

a) LIQUID PENETRANT PER ASML SEETION V, ARTICLE 6 ACCEPTANCE CRITERIA PER ASME
SECTION III, SUBSECTION NF, ARTICLE NF-535A.

b) VISUAL EXAMINATION PER ASME SECTION V, ARTICLE 9 ACCEPTANCE CRITERIA PER ASME
SECTION III. SUBSECTION NF, ART;CLE Nr-A360

c0 MAGNETIC PARTICLE PER ASMS SECTION V ARIiCLE 7. ACCEPTANCE CRITERIA PER ASME
SECTION III, SUBSECTION NF, ARTiCLE NF-D3AO.

7) DELETED.
8) FABRICATOR TO MAKE FINAL DETERMINATION SF THE LOCATION AND TOTAL NUMBER OF

CIRCUMFERENTIAL AND LONGITUDINAL TELDS REQUIRED.
9) DELETED A
IT) THE EXTERNAL SURFACE OF THE CASK SHALL BE PAINTED WITH CARBTLINE 890 THE INSIDECZ

SURFACES OF THE CASK (EXCLUDIND SEALING AREAS) TO BE PAINTED WITH THERMALINC 450 TR
EQUIVALENT THREADED HOLES, PLUGS. SEALS ETC SHALL NCT BE PAINTLD

IT) STEEL USED IN FABRICATION SHALL MCET THE REQTIREMENTS OF ASME SECTION II.
12) WELDING PROCEDURES AND WELDER 0UALIFiCATiONS SHALL BE PER ASME SECTION IX AND ASME

SECTION III, SUBSECTION NF.
13) ALL ANGLES ARE FOR REFERENCE ONLY UNLESS OTHIRAVISE NOTED.
14) ALL BASE METAL THICKNESSES IN DRAWINGS ARE DEFINED AS REFERENCE DIMENSIONS.

i5) WELDS IDENTIFIED VITH AN N-" ARE CDNSIDERET NAN-NCF WELDS AND MAY BE WELDED A-
USING PRETUALIFIED WELD PROCEDURES FROM AVS OTT.

D

C

B B

M-ITI K I

TOOITO[N IHI-IYP/C IJLfLINE

WITH POOLk LID

7l 2145

Cl/sC.1, YWRW [44Hh

• POOL LiD -
• (SEE STT. 5)

__j
(SEE

SHF.
10)

7 3 I
ba S\DRAW INGS\102M\H--EOAC\2145-18

HI-STORM 100Re. 5-RI/lA
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NOTES:
I) .SEE DVG. 2145 SH[. I OF I0

AS) E.CEPT AS NOTED OTHERWISE, ALL GROOVE W'ELDS ARE FULL PENEIA4ILIN (4-', ANGLE MINIMUM). USE OF
RACKING, ROOT OPENING SIZE, AND BACK GDUG[NG (FOR WELDING FROM BOTH SIDECH ARE AT FABRICA TORS DISCRETION
PARTIAL PENTRATION WELDS ALSO REQUIRE 45" ANGLE MINIMUM.

091 ±1/4 WATE7 JA'
078 ±1/4 (AVL) CUTER

V 73 75.

F EF END PLATE OUTSIDE
SHELL AND LID OUTSIDE

~RE .. S.C. SE S H .

083 (REF ) BOTTOM WATER JACKET DIA.

I _ 8650 (REF.) B.C.
089 (REF.) BOTTOM FLANGE [E..

,SEE NOTE 2

5-/-8- F\- <,T YRP.
VT PER NOTE 6. b. AID
P1 FINAL SURFACE PER NOIE 6
OR MI FINAL SURFACE PER NOTE 6.c.VIEW A-A

5
-6rf2l07
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/ 2 I

E

NgTES: 3) RADIAL RIBS ARE TO BE EVENLY SPACED AT
I) SEE DWUj. 2145 SHI. I OF I1. APPROX. 36* WITH t[O OF THE RIBS BEIN6 PLACED

A2) ACTUAL LOCATION UF RADIAL RIBS AND LVER THE POCKET TRUNLINS.
ENCLUSURE SHELL PANELS AROUND THE
CIRCUMFERENCE ARE REFERENCE ONL Y. iU 

.... ... .

l R[VISIONS

SNv FSUPMARY TOF A iS/AFFCI [C//s PEP BA: APP/OVAL IATE: VIR4:

L / -ND//E A/EI F[•G-1/S-28. /, & 7. I.C.O. 1 1/30/61 68481 L

0
B

C

I

'T PE 4, 6 318 / 8

DE TAIL - "A"
ZARADWIL RIB DETAIL

EU EU
dEWL TEC

LER. [ENcL .. M.I.

100 TUN HI-TRAC BODY

SECTIULNED ELEVATITN 'B-B'

N/A

F1 0,•2.....
" N, 'UL BVI• NOla •v

/B •G.\ DRAV]NGS',I026\HI- 

IRAE\2145- 
3RB

HI,•TrlRM 

IR,• 

R• 

i

7 1 5 4 0,j p ^! I
/0) \CDA1G\0GH-RC24-R
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.3/ 5 A 3 I

L

2 I

2.0? THK.

63

-, /1

REVAi6iNS

REV SUMMARY OF CANUSESNTTEU[D 'E IAA IPROVAL OAF: Vi2i:
IINEURpOR.AirD TEC : !026-2_?BT/I/O 96 E

NO TES:
•). SEE 11VG.P1,15 SHF. I OF 10.

(36) 1 1/4±1/16 TI-HRU HOLE
EQUALLY SPACED (10' APART)

L) /5-
D

c

068 75

P,

./

TO0 [ON PI-TI-RAC
BEfAlL [IF BOTTOYM/ FLANGE

N/A

A ~~~S2145
N!~ l JA Ll

A1A
BOLTTUM VIEW OF BOTTOM FLANGE

7 1 454 3 ^ I
L?\u\DRA6,lNGS\T0Pb\Hl-YRAc~-A~Z.
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VT PER NOT 6b &
P1 FINAL SURFACE
PER NOTE 6c. OR 1/4
Ml FINAL SURFACE
PER NOIE 5 c
,EE NpTF 2 IN SiT 2)

V7 PER NOTE 6b tA P FINAL SURFACE SEE DETAIL C
,PERNOIEI6.a R i: SEE DETAIL OF ITEM 31 -EV

SýTFNAL E £RES& DETAIL A I\ ,"{;'i4A• 'PER NO1E b.c -_ -- , / °

S" -, " .NO VELD NE A , T , , - . . ,:

'§:75. '7/ 7. 1.2577~

RIVIS]ENS

SUK4ARAY OFr CTAS/AF[ECIED ECNs

INGAIPORAI TO ES )L [COT P 13. 11, A & '

IEPI-EP 3YI APPROVAL SAIE: VI•4

IFOiT i/3O/0I 6305G

NO TES1) SEE DWG. ?145 SHT. O1- I0.
h I I

4.0

(REF.)
1.5

,,REF.,

T 6 QLL LiD IF4LL 13

].S.EE........)
---- ---- I--N

- -I(36) 1
• :.. , "" z USEA•

/ I N(4) 0875 -AUNt (5 // "P
, "DEEP LIWFNA TAPPED LILIES X.T

,I/,'/" "CA, APLUGS ARE READ) /' " '

/ON A 0 56 D.C
I,!/ ,"\, EVENLY SPACED

13/ / <

ODE)
8 B(REP.) .I

2 70-------------------------. -- - _ -- - --

2790'

/ ,,'\ / \ ,AI.,I GASVET I

PER NOTE/ 610. /7. /

FINAL SURFACE - -.

NOTE 6o. O7R "(INI DE)
FINAL SURFACE 07 CT\TE 883. 75 (RE GA Ej"
NOTE6. c. (PEP7.) GROEOVE OUTS

AD.-- ---------
0 75 (RF.

(bo q6Y.5 (R~EF)

-- 089.75 -1/8 (REF 180'*

l ýr L LIr -IL D 083.6_5 REF-- A
A782.715 RE ) 5 RE

fOJUL RADIUS r A±/ C_A O 6

--8 UNC X I' MIN.TLE THREAD LENGTH
2' DEPTH REF
D HIJLES 9 10' APART 8'5

II- I(O1L 0,

A
PT IVv
PER\MT r

E PF. -ER

:REF.)

TOO17L
RADIUS

0.375

-+1/16

DE TAIL A

-I-TSUNC W.
USEABLE

1. / /1.2 a5 •/'/,.

3.08 :: 3JI KI

I ~ ~ scm• IL

L-.1E*-

1' SCH 80 (0.179N VALL] -
ZA SA 106B C/S SML. PIPE

DE TA IL OF I TEM 31 -

ITHH "
THREA D

OP
As

3l
H EI L T E C ......
IN T E RNA T NL 0DEciHuIU

100 TON HI-TRAC
DETAIL OF POOL LID

N/A

LT [K N` 2.v1001 0 1)34qF_
DETAIL D SCALE 0.16:. ELTIfV1L fB

SCALE 32 - L

HýTORM IWý. 5.ýIA07
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7 7 ý I4 1. 3 r I
REMV5ICK.

REV SUMMARY UF CHANS/AFFXR J,1 i lls PREP BY. APPROVAL DATE: V[Rg:

B INCRPOPRAIL [ECOlli-2, 2 &4 [II /Of0/0 77522E '0" A t
* _--- ---• //--(24) 1-8 UNE X A'" USEABLE

-~ •~~ " / THREAD LENGTH X 2 1/2'
• NN DEPTH RE- R 1.5' APART

'A'

'A' '- \. \

NOTlES.
F) SEE I)RVG?145 SHT. I OF 10.

A

P

068.750 -i.A375
-. 0313

270'

/2

22'

90"

078, ±1/4 L.D"073.8125 (NOL• .)

B

HOL TFC NAII
T 1JTE RNASTIE)N L CONSULTING

100 TLIN HI-TRAL
DETAIL LIP TLIP FLANGE

N/A

84 2,52145
NIA cu 11T a ,

B

180"

7 1 5 4 "P A I
- - '0'~

'~U\DAWING\162\HI -TRAE\2?145-6R8
HI-STORM 100 Rev. 5 - 62l07
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7 6 5 4 3 2
/ 6 5 4 '3 '3

REVISIONS

REV I SUMMARY OF CHANGESIAFF[[I[c Ecas PREP BY: AFPRFVAL DAIL: V
- I I//V I - I -/

E 1 I INCORPORAILD [C04 1026-28 E

I

C'lf P2FF

TS027

Iz" .. "/ /."/,.. ."/, II//I/ /,] /t"

DI
B

0625 - 11 UNC THRU HOLE
LIFTING TAPPED HOLES IN
ITEM 16 ON A 0 56 B.C. LOCATED
R 45'135*,2?5*,315*.

Ioo

F' '-,,,,

-/

NOTES:
I) SEE DIW6. 2145 SHI. I OF I0.

<10
/

(24) ! 114±I/16 0
THRU HOLES
Si5' APART

B B

NEESE ",,H 1:1 L Tl F C .......
ENTERN.T [ONAL .GSýI•l%•

100 TON HI-TRAC
DETAIL OF TOP LID

. NIA

2145

A

A

7 1 4 3 I
'-ý:-\DRA WINOS\1026 \HI- TRAE\2145-7R6

5. 6/2IM7
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7 C 5 i4 13 1 1 1

p) C4 F

x

to- 1+ ±1/8

1)

6A

Si

7-

25

-4

Cj

TPTYP.)•_

VT PER NOTE VANl 6. b. ANT P A
SURFACE PER F SNO ~ iTE6o RNOT 6. VT PER NOTE 6. b. ANT P! INAEMT F[NAL SURTAE[ PEER NOTE Sc. \\'- 5/8 I"\ < P.)SURFACE PER NUlE 6. ERM FIA UF FINAL SURFACE PER NUTE bk.

06.625 REF ' 1875 6.25-4 UNC

THREAD RFLAF BUTTOM THREADED-EHLL E WI TH REL IEF

L(I• jVT PER NOTE 6 b AND PT 'INAL
JASI - SURFACE PER NOliT 6 a OR

,- I •,,-S y( P.) MI FINAL SURFACE PER NOTE 6.c.
x(SEE NOTE 2, sH[ 2)

1/ (YP.) * --- 2 625 (REF.)

Vf P ER N OT E b. ANDPI ORAL VT PER NOTE 6. AND PT FiNALSURFACE PERAL 6 i
T FINAL SIR, T [ PER NOTE Sc. / - " . I . SURFACE PER NO[[ 6. a. ORMlSEE NOTE 2, SHT T .1 ., - MI FINAL SURFACE PER NOTE 6.c

\\ / 16 (TYP.)

3/16 T(EYp.) 3/16 As
3/16 SEC TION X - X VT PER NOTE 6. . AND PI

(TRUNNION NU7T SHOWN) FINAL SURFACE PER NOTE 6. a.
OR MN FINAL SURFACE PER NOTE 6.c.(SEE NOTE 2, SHT 2T

L

A ,.-

B

A 1/4 / ý-(rnT o fEM 45.

(TYP.)i PR f

VT PER NOTE 6. b. AND PT FANAL
SURFACE PER NOlTE 6 N OR
MI FINAL SURFACE PER NOTE 6.c 83 1/4 ±112
(SEE NOTE 2, SHi T ) 4 (TDTST

/..L~'F-•- I BE-TWEEN=

x I [TEM 4S(K." •. .

YR)90* 5/8

VT PER NOITE 6. ta ANTPT FTNAL T,'4 PER NOTE 6. b. AND PI FINAE MT FINAL SURFACE PER NT
SURFACE PEA NOTE S a. OR '4 SURFACE PER NOT 6. a. OR TSEE NOTE 2. SHEE 2TIlT FINAL SUPFACE PER NOTE S.c. T FTNAL SURFACE PER NOTE S.c
TOLE NOTE 2, SAT PT TSEE NTTE 2, SHEET 2T

xIN

ORISC

F)

IIIII......
H E- L T E C

100 TON HI-ORAC

VIEW YPY

Sf510N Rs-M N/A

NO TES:
1) SEE DWG,2145 SHT. I OF T0.

REVISIONS
REV [ SEMMARY OF HANGES/AFFECTEO ECOs PReP OH. APPROVAL TATE: VTAN _____._,___..... ........... ....

A INCORPORATED ECO-1026-28O T3, 7 & 4. iFO. . T!30/0T 1R2259 PU,. N/, 4 5 611-
7 3 p G: R DRA WINGS \ 102G \ HI - [RAC 

\ 214 5- 8R8

Nl,• 

1"O1• 100 P,•,. 5 • rmr21 tol

IG;\DRAW`INIIS\T0L6\HI- TRAC\2T45-8RB
I-STOR. IT1e. 5 . -127
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NO E ESD1) SEE D1.1. 2145 SHT. I OF 10.

NOTE XXX IS
SERIAL NUMBER
[O BE DETERMINED
AT FABRICATION

VIEW 'A-A' /7

D00 TON HI-T.RAC/
SERIAL NEI XXX'
EMPTY WEIGHT LBS

DTU~ll OF LIFTING TRUNNIEJN

.50-1IUNE X I (REF) UP
lAPPED HOLLE WITH -/8'
MIN USEABLE THREAD LENGTH.(TYP)•

6.25-4 / -I/8
" EHA

ni~i I

X 45'
MFER NE

L

06.25 ±2/16
.H25

HO BLL

HOLTEC lN TERNATIONA

)

1,

F

LE./

TE:
ETTERS AND NUMBERS
.,2' HIGH MINIMUM.

STAMP iDETAIL A5
(ON TOP FLANEF AT 0' PEF)

100 TUN HI-TRAC LIFTING
TRUNNIDN AND LUCKING PAD

N/A

NIA 145CL N/1, R .

-. , - - -9 . 5 - 6r21tf7
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(F PU) A-
VI ýcNTE US L. AND Pf FINAL

V P ll, 6o 50 OR MI
VA' MV," AH [[V NOTE G[[(SLL NOTE 2, SAl 2)

12 ±1/F (REF.)

SNUG FIT WITH DETAIL A
ITEM 30 (rYP)I " •~DRILL I N C A ," >.

I ______-_,'__,,-,.",__-,!___.._,,

c.3125 (MAN.) ~
(TYP.)>58

(ALSO ITEMS 6B & 9 )A 7 4 1 I .2 +1....
V1 PEIR VE 6S ANO PI FINAL SURFACE 9')
'A RUN57 6 DR 4D FINAL SURFACE

PrA NEU 6cASEE NOTE 2, SIT 2) SECTIDN D-D
12.375 "6,188 1.50 wo" I •

- •'- (REF.) (REF. -
_--_ _ _] -,YP)

(TYP.) --.,1 ,

VI PER NAIL 6. b. AND PI
FINAL FUACrrE PLR NIL 6. o.
OR MI FINAL SUOACE PER
NOTE 6.c. (ITEM S IO lIEN 47)

.3

CL

-(3) 1 31/s-6UNC

ARC & S LUl

F

1/8' X 4Y o1 3,

CHAMFER

3.75

I 3/8'-41UNC-----
•;.9375

/8

<(UR DOUBLE V.)
. V vIPER NOTE S. b. AND PT60 FINAL SURFACE PER NOAE 6 o.

(AS REQUIRED) AR Mi rINAL SURFACE PER
NAIL S.c. (SEE NAIE 2, SHA 2)

NO TES:
1) SEE DOW. 2145 SHT. I OlF 10.
2) IL IS THE RESPONSIBILITY HF THE

FABRICA fOR TE ASSURE THAT
ITEM 89 WILL FIT INTO ITEM 47.

3) AS AN OPTION ITEM 47 AND 29 CAN
BE ONE SINGLE PIECE AND I TEMS
30, 48 DELETED.

DETAIL A
A

AXd

-612117
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/ J I

F
Qv

ý#C'

(361 1-8 LINE X I' MIN Y BLL EA
TAPPED HOLE F I. 1'APA.131--

-- 1) 3 114 0 THRU HaLE IN
I/ I[EM 2 iO ALIGN TRANSFER CASK

I':- WIl AHI-STORM Fl 1 -2 REF rYP

REVISIONS

RL V SUMMARY OF EHANG[S/AFFT[0D LOBs - PREP BY APPROVAL DAIE VIP%:

S INECRFCRAI[I [1-1026-28, 19, 11, I2, 8 L 4 I.F. I1/30/0) 13958

M 0 NCOPORAIED [C0-1026-29 I.O. 8/26/02 89625, L

D
o_

Li

UI.

SE

.g
I

'ci

(--I

'ci

'A

27 .13B 3/16 E
o Y TYP

..- --

OFOO 'DO3
STOPPER

G -5 B C

.REF

b

-SE Tl. R ELF 0'y- 1 . TWAD

- --
-S DP ON SECTIO HOLDD

"F" 
N IF~ 4 A,

SECTION '' D' SECTION 'C' 'C' DETAIL 'BICAL (). LACS C
-SCASE LE -129 1SCL

377

B

B

CUTOUT N

ITEM iI
ITEM 2 TYP

4 PLACES

VT

/ý4

F-SEEDET
N0 ON

112

WIELD

_ _ _-, SJ{ !.J U3
(~X () (~) 21 ~ 6W/ D H/4 WAL 1/, I i~'3LCS SUTEAFS -_

C, 766 REF , -FLUSH W-H THIS
SECTION 'E' - 'E' SURFACE.

IYPICAL EACH TIDE OF HI-TRAC TRANSFER LID DOOR- - - - -(TYP.)
Vi PER ICU 4 l PI-'

' /4-REF FINAL SURFACE PER hE 7 6R I/- I\• '1 ~ ~ ~ 0 41 FI••\J !rNAL SUAC[ PEP NhIF 12 " -- - i "

I/?' X 45' CHAMFER 1162 lIND4 4EIEPRNI T/ -
I .' ,.'.U,/I I • I I

-2.,.375 REF SEE DETAIL ". 2. _ 
DETA I T13 ) A3

IV PER MOii 41T 3/4• I/
/ i) •211 FINAL SURFACE
vi_ PR Le 4 • ,SECTION 'A' - 'A' PET NOTE 7CR
Pi FINAL SURFACE (DOOR NOT SHOWN) KI FINAL SURFACE

MI FINT. SURFAEE NOTE _ _ _ _
PER NODi 12 USE C/SAIL F -F WASHER i0 moons

3HTI 2 11F REO'D. ý D22 H L T E C A SI

INIT ERN4 T ONAL CM&U•TNG
VI PER NOTE T

A(Y.)3 UNC 10f HUSIGDTI
ITEM 5 & 21 0 IN DEEP L- D N

ITEM 3, 2. & 1 USEABLE NIA
(FOR IIEM 5, NO WLD THREADED HOLE
REDUIRED IN INSID(E . '.B
INIERSECIS VI HEM 1 ) SECTION 'B' - 'B' '' 2" 52 " '°

SCALE: .125 1 ( LO/ I iLD )

nT
Ell

17 REF rF,- I-31/ REF -I(4)3 114 -7 THRU r wllH6 1/4 REF YP
" 40.5 REF HOLE IN ITEM 1 I T

l#E# -+t/8

1 .5 4 3 p I
3 F
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E

61 5 I3 q

-I -M -- ---.- 5- IF-I-------

7 7 5 T, PN

REVJISIS

IRFV I SURAYVU Sf HaS//FECE Es
1 8 1 INCDRPOUUNEJ ME-1026-28, 13, 11, 14 510

PREP BY5 APPRO t ,11: V1 =:
I. 1./ 9 4 T-

VI
wi

D

5/IA 72.750 PEF
PER 5/6 1"36.37-,REF - /

0ITEM 19)4 S0 1 F

--------- -------

~~R M91 FINAL S6)rACC

9)YP V) PErIIE4 iyI I U IOrl - 12

'A YP 77R C I P INLS -' 7-/ -

1I (PIj N11 4  -

CIE 12 135* 11, SEE

VER NOTE 1291901/41
9)1091 :5 1)4 2L

-915A N. 45 11

cPLA VIEW[

u
@3

3

d

XIII
P5/2)/A

-I.
25 t 9/A

-I
S5~1/.V

i

vi N11 41 114Pi

1119)44)1)19 PE
1.I/OPI IA

]

c

S/4
CUT

[ff I
1.75 (-3/16

[ IETACK VELD L

R

-4.25 REF

FINAL SI

NDTES: SIDE VIEW 9)1u)1

1) DIMENSIGNAL TOLERANCE ±1/8, EXCEPT NOTED.
SI IWV DOORS 9.Q' T
31PAINT T9 E TOP SURFACE iF THE DOORS WITH THERMAEINE 450 DE T

EQUiVALENT AND ALL OTHER EXTERIOR SURFACES WITH EARXDLiNE M9)
4) ALL WELDS REW~iRE VISUAL EXAMINATION PER ASME SEETION v,

ARTCELE V IIMH AVCEPTANCE CRITERIA PER ASME SECIIAN Il,
SUIJSCTIC N N', ARTICLE NF-5360.

5) LII LINEAR DIMENSIONS ARE IN INCHES.
61 SER AL NUMnERS ARE TO BE PLACED ON ALL LODSE COMPONENIS

TO PROVIDE TRACEABILIIEY7) LIQUID PINE[RAN[ I XAM tKAI(ION PER ASK[ SECTION V, ART!CEL 6

VL- PIANCE CRITERIA PER ASME SECTION III SUBSECTION NF.25 RTi-L NISJ II
WR/LE1-535).

;F SIEUL LSED IN FABRICATION SHALL MEET THE REOUIREMENITS
OF ASME SECTION ii, PART A.

9) WEiEI•G PROCEDLiRES AND WELDER DUALIFICATIONS SHALL SE PER
Sl-EI1N ix AND ALMG SECTION Ill, SUBSECTION NF

10) ALL aNGLES ARE REFERENCE ONLY UNLESS OTHERWISE STATED.
Ii) ECEEPT AS NOTED OTHERWISE, FULL PENETRATION WELDS SHALL

0E 43" MINIMUM. SIZE OF ROOT OPENING (IF REOUIRED), USE or
VACIiNG AND 9ACK GOUGING ( AND WELDING FROM BOTH SLOES)
ARE Al FABRICATOR'S DISCRETION.

12)1 M 11ETiC PARTICLE EXAMINATION PER ASME SECTION V, AVTICLE 7
WITH ACCEPTANCE ERIIERIA PER ASME SECTION Ill, SUDEECTION NF,
ARTICLE NF-5340

13) WILDS IDEN[CIFIEG ITH AN 'y' ARE CONSIDERED NON-NF CELDS AN) MAY
Er I W/LDED USING PREOUALTFIED WELD PROCEDDURES FROM A96S DL.!.

4) FABRiCAODR MAY ADD ADDITIONAL WELDS PROVIDED APPROVAL IS
RECEIVED FRUM VELIEC

5) T 0READED HOLES USED TO ATTACH THE TRANSFER LID DOOR ACTUATORS SYALL
BDE t05TED AS NECESSARY FOR ALIGNMENT.

A ) LIFTILN PAD IS OPTIONAL. THE ALTERNATIVE IS TO USE AT LEAST 11 OF THE
139 I-V UNC tAREVADD HOLES WITH APPROPRIATE RIGGING EOUIPTME V V1 U'POR AT
THE i19NSFER LID WEIGHT OF 18,100 LOS.

i/A'i8

2.50
R F

NOE 1 41 'T

-F!C 169 ) 5)

OR M I rINA" 11 2
P[R I F P 12

_OrF LIFTING PAD

O0
/1)

IS;

- I-'

B

[I

3.75-- '-\- ('_-' 11' MIN USE

VT 9RT IT f4 SECTION 'A' - 'A'A
,,15,I16 & 5)

/I j .. V... I 1/ 4

S SECTION /A -- 'p' "413/4 - I0 UNE - 1l/4 MIN. PITH
SECTIO B'II66/A) /I

SCALE-25 7 1Q

10 0/0/5
20,

WELD DETAIL
SCALE: .125:1

ImmmI.......
HEIL T -C ....
INTEIRNATICnNAL .NSat lINX

I00 TEN tI[-TRAC TRANSFER
LID DOOR DETAIL

N/A

46/159 , 2

N/A I -. .

B

AA

7 0 1 9 4 3 p I
/u \6:\DRAWINGS\1026\Hl-[RAC\2152-2.Rg

.6, 5 ' 5- 6/21W4
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3M-1575 (Ell, 2839) BILL OF MATERIAL FOR HI-STORM (DWG, 1495, 1561) SHT I OF 2
REV. SUMMARY OF CHANGES/ PREP. APPROVAL VIA:

AFFECTED ECO,s By, DATEl

19 INCORPORATED E.C.O.# 1024-67 T.F.O. 4/14/03 68570
18 INCORPORATED E.C.O.# 1024-66 T.F.O. 3/29/03 80754
17 INCORPORATED E.CO.# 1024-62 SLC 9/30/02 35699
16 INCORPORATED E.C.O.# 1024-61 T.F.O. 9/18/02 16734

15 INCORPORATED E.C.O.# 1024-54 S.L.C 65/20/02 32845
14 INCORPORATED E.C.O.# 1024-50 S.L.G 5/7/02 4-6065
13 INCORPORATED E.C.O.# 1024-44., CHANGED REVISION BLOCK TO NEW FORMAT T.F.n. 2/6/02 344-36

DENL QFY. SPECIF[CAVIIN NOMENCLATURE bfESCRIPTION--

I I SA 5L6 GR. 70 .AS[PLATE 2 "-1. X 133 7/80 BASEPLATE
2 1 SA 516 , 70 OUTER SHELL 3/4 3K, X 224 112 Us X L32 112 LID. CYLINDER AY K NE IT01 SIM F5 1495 SHT 5) (SEE NOTE 5)
3 T SA 516 -R. 70 IINER OELL PLT/1/ HK, X 224 112 Lb. X 16 U. ]NDER (SEE NOTE N 4

S4 -I 2 1/2IDADXAL SHIE7D ?6 314 T6. PALEEAL ED5I-1_3
5 1 SA 516 CR. 70 PEDESTAL SHELJ_ 1/4 THL X 6B 3/8 OR1 X 21 5/8 LG. CYLINDER

6 SA 516 GR. 70 EIT BnTTO R PLATEPA 1/24 THK X IF 1 PLA/EP
7 1 1 SA 515 (R 70 LIn SHELL 1 THK, X M 1/2' VDE X 69 CRn8 4 SA 516 GR. 70 EXIT VENT HWMWIP•ITAL LTE 1 1/4 INK. X 26 W]IE X371L.PLA (SEE BET. EVF6 1561 SHT. 4)

95 4 6 GR. 70 TOP PLATE 3/4 -F'K. X 1N Ul X ]01 ],O R6 (CUT IN 4 PILEE
W I LA---/ LID TOP PLATE 3 IF X 6LATE E Naor 4)

103 1 SA--A6-70 .L3 "TDP PLATE 2L 0. L PLAE (F NN R 4)
17 4 Si-M6-70 I PL•T[ E 2 TAN X C6 L/2 WLCE X 30 7A16 LGA PLATE (SUE IET. DVG. 1561 SHT. 3)
12 8 sA MG G, 70 EXIT VENT VERTICAL PLATE ]/2 THr. X 5 1/4 VIDE X 30 7/16 APPROX. US PLATE

OR SA m5 at 70
29 16 ~ SA M1E 3/1. 7I X6_ET VENT VERTICAL PLATE 3/4X 1I0 7/8 LIX C L, PE.

It 4 SA 9aG[. 70 RADIAL PLATE 314 THK. D X 224 1/2 LG. PLATE
125 4 SA 194 2 TOP LED t 3 ]/4 - 4 UNC HEAVY HE)( NUT

13 4 310. ED STLIP 3 1/4- 4 UNE X 6 6 1G (SEE DWG. 1561, SHT2

&A 25D L2 5 X 5- X 6 ANCHPL ALOEK V/ 3 1/4 - 4 RNC X 5 LG HOLE IN CENTERI17 4 OR.. H 213 E BOLT ANCAICR BTLOCKOR CA 33D Lr e (OF" ROUND BAR MAY BE USED IN LIT1J OF 5 X 5 SQUARE EAR)
]B 4 SS PEE•S'TAL PLUGS {-BLN [• Si]]E E C

SA T65 GiR 705CR C SHANNEL 3/16 BC/TI X 6 .LE X 170 7/8 LIG CHANNEL (SEE OETA 149 SH. 5O ) (ALVAITF FOR C/S)J9 16 SA240 TYPE 304
T/T-11• X 63 172 11. x 85 1/2 ill.

20 1 SD 516 3CR 70 SHIELD BLOCK RING (2AY BE MTI E FRON MORE THAN 1 PIECE)
?B I CONCRETE DESTAL SHIELD 17 THK, PLATFORME
22 T CONCRETE LIM SHIELD 10 A,/2 IK. TUP I•-LDI

2OT SAi 6".7

up S IA M3 m 70 PEDESTAL PLATE 1/2 lTHK X 67 7/8 0

14 ) A36 OR EQUAL PMA ESTAL PLAFORM 5 MITKH X E1 7R E E PLAIE IFAY USE NULAPLD LT OF TE IHICKN-ST
DONUCEER OF PLATES ANNU TMNESS OF PLATES OPTRSNAL)

2) 1 CLDNRETE IHDENTLI UCK OE AHKA

HI I ' HA RAH MAELT EILCK SOERM M /2 TH X BE OAD. CYLINDER X 8M HIGH THAY MAKE OUT OF SPRE THAN I POEN.
CA 5M I 5GR. 70

3) 1 S5 ( 70 IH]ELD BLOCK SHELL 1/2 T-K X 64 OD, CYLINDER X 81 HIGH WENAY MAKE OUT OF MOCL THAN N P[STD
2B - -- IL]E-ED --

4) AS WA OPTIO STORTMS NARKANG WHElB A E COMBINED A S A SINGLE 4-X TI LATET
M30 4 CS OR S/S HL PLUGS F O/R'-6NC X 1 1/2' IF BOLT OR 1 1/e-iU X 2' LG SET SCREV

NOTES,

A ) THE CONCRETE MATERIAL IS TO MEET THE REQUIREMENTS SPECIFIED IN APPENDIX 1,E OF THE HI-STORM 100 FSARDOCKET NUMBER 72-1014 (LATEST REVISION).
2) ALL DIMENSIONS IDENTIFIED ON BM-1575 ARE APPROXIMATE DIMENSIONS EXCEPT THICKNESSES OF STEEL PLATES

WHICH IN 'THE RAW MATERIAL FORM MUST HAVE 70LERANCES MEETING THE APPLICABLE SPECIFICATION.
3) ITEMS VITH A xw CONDI]DERE]) NOT TO BIE NF CLASS 3 (NON STRUCTURAL).
4) AS AN OPTION, ITEMS IOA & 1JOB CAN B•E COMBINED) AS A SINGLE 4." THICK PLATE AT 126' 0 W/ITH

SAME SIZE TMRU HOLES FOR LID STUDS AS ITEM IOA,A/• 5) INNER AND OUTER SHELL THICKNESSES MAY B07H BE CHANGED TO 1-INCH THICK IN LIEU OF 1 1/4" AND

3/4' RESPECTIVELY. IF EITHER THE INNER OR OUTER SHELL THICKNESS IS CHANGED TO 1-INCH, THEN
BOTH SHALL BE I-INCH THICK.

G\PRAWINGS\L024\ h-1575-IRl9

HI-STORM 100 Rev. 5 - 6/21/07
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BM-1575 (EID, 2836) BILL OF MATERIAL FOR HI-STORM (DWG, 1495, 1561) SHT 2 OF 2
REV. SLIMMARY OF CHANGES/ PREP. APPROVAL VIR #

AFFECTED E,C,O,s BY: DATE:

13 INCORPORATED EC,DO.; 1024-47 S.L.C 2/27/02 72710

14 INCORPORATED E.C.O.#: 1024-50 S.L.C 5/7/02 19678

15 INCORPORATED E.C,O.#: 1024-54 S.L.C 6/20/02 89834

16 INCORPORATED E.C,O.#: 1024-56 S.L.C 6/21/02 14060

17. INCORPORATED ECO.#: 1024-55 S.L.C 6/25/02 96106

18 INCORPORATED E,C.O.#: 1024-65 S.L.C 12/20/02 14428

19 INCORPORATED E.CO.#: 1024-77 S.L.C 8/7/03 69857
ITEM ITY. SPECIFICATION NOMENCLATURE DESCRIPTION

31 DELETED ---
32 4 SA 240 304 EXIT VENT SCREEN SHEET 16 GAGE (0.0595 THK. ) X 6 1/4 WIDE X 40 LG. SHEET
33 4 SA 240 304 EXIT VENT SCREEN FRAME 16 GAGE (0.0595 THK.

16 WIDE X 212 LG. 6 X 6 MESH 0.020 WIRE 0 0.147 WIDTH OPEN FROM34 1 COMMERCIAL SCREEN McMASTER-CARR 101 PAGE# 2521 ITEMV 9220167 CUT AS NECESSARY OR EQUIVALENT
35 4 SA 240 304 INLET VENT SCREEN FRAME 16 GAGE (0.0595 THK. )

36 2 COMMERCIAL THERMOCOUPLE OR RTD 1/8 0 SHEATH WITH TEMPERATURE ELEMENT (BY USER).

37 16 SA240-304 GAMMA SHIELD CROSS PLATE 1/4 THK X 2.75 X 24
38 4 SA240-304 GAMMA SHIELD CROSS PLATE 1/4 THK X 24 X 24 5/8
39 24 SA240-304 CROSS PLATE TABS 075 THK X 1/4 X 2 1/2
40 8 SA240-304 GAMMA SHIELD CROSS PLATE 1/4 THK X 14 5/8 X 24
41 16 SA240-304 GAMMA SHIELD CROSS PLATE 1/4 THK X 3.09 X 24
42 2 C/S OR S/S DRAIN PIPE 3/4 SCH 160 PIPE X 11 1/2 LG
43 8 SA240-304 GAMMA SHIELD CROSS PLATE 1/4 THK X 5.09 X 17 1/4
44 2 316 SS COMPRESSION FITTING I/8' X 1/4 NPT MALE PASS THRU COMPRESSION FITTING (OPTIONAL)
45 2 CAST IRON PROTECTION HEAD 1/2 NPT X 1/2 NPT (OPTIONAL)
46 2 304 SS BUSHING 1/4 X 1/2 NPT (OPTIONAL)
47 2 304 SS COUPLING 1/2 NPT COUPLING W/ MOUNTING STUD 1/2 DIA X 3' LG. (OPTIONAL)
48 2 304 SS HEX NIPPLE 1/2 X 1/2 NPT HEX NIPPLE (OPTIONAL)
49 2 304 SS CONNECTION 112 NPT CONDUIT CONNECTION (OPTIONAL)
50 28 SS SCREW 01/4' X LENGTH AS REQUIRED
51 4 S/S WASHER 1/2' MIN. THK. X 3 1/2' ID X 8' MIN. O.D.
57-96 A36 CHANNEL MOUNTS 3/16" X I' X i" X e4" LONG
53 4 C/S SHIMS 2' THK X 3' LONG X 2' HIGH
54 4 S/S BAR INLET SCREEN BASE 1/2' X I' X 24 3/32' LG, BAR
55 8 S/S BAR INLET SCREEN BASE 1/2' X I' X 15' LG. BAR.
56 I SA516 GR. 70 SHEAR RING 3/4' THK. X 73 1/2' ID. X 108' OD. PLATE (CUT IN FOUR PIECES)

57 2 SA51 GR 70 GROUNDING BLOCK 1/2' THK. X 2' WIDE X 4' LONG

58 1 SA516 GR. 70 EXITVENT FRAME LEG 3/8' THK. X I' WIDE X 6 1/2' LG. (CUT AS REQUIRED)
59 8 SA516 GR. 70 EITVENT FRAME P 3/8' THK. X I' WIDE X 28 1/4' LG. (CUT AS REQUIRED)
60 16 SA516 GR. 70 INLEIVENI TRE LEG 3/8' THK. X I' WIDE X 12' LG. (CUT AS REQUIRED)
61 8 SA516 GR 70 INLETVENT FRAME TOP 3/8' THK. X I' WIDE X 18 3/4' LG. (CUT AS REQUIRED)
6 4 S/ EXIT SCREEN BASE 318" TK. X 112' WIDE X 32 5/16' LG
63 8 SIS EXIT SCREEN BASE 3/8' THK. X 1/2' WIDE X 10' LG.
64 4 SA516 GR. 70 RADIAL WELD PLATE 3/4' THK. X 6' WIDE X 27 1/2' LG. (OPTIONAL)

A
A

65 1 CIS HEAT SHIELD RING 3/8" THK. X I' WIDE X 69' D., (CAN BE MADE FROM MULTIPLE PIECES)
PFAT 'MriI n 14 1A1,F 011747 THI() 0 ,.R" Fil

14 LAUL (0/4/ IHK) X 68' UU
Gýý4M4ý

HI.SrORu 100 I S



PM-1880 (E.I.D. -3002) 2111 11'r- FOR 125 TEN Hl-TRAC (DWE. 1P,"OV 'SHT. I OF
SUMMARY OFFC 8\10..' PREP. BY APPROVAL DAI[: VIR-,:

REV. No. AFFEOCT~ F____________Q_____

9 [NCORPr TALIE :i
15, 12, 9, T.F.O. 11/30/01 70889

I TEM OTY SPECIFICATION I ',fO ENN _TURE DESCRIPTION
1 jI ASTM B 29 RAL A L AD S.HILD 113 CU. FT. EOMMON LEAD APPROX.

I SA 5IE GR 70
II SA 516 GR. 70

A
lOJTELR;HiNNER.SEL

ODLE EI
SDELETED

3.75 THK. X ED75 ID X 184.75 LG. EYLINDER
1 TH,. X 81.25 O.D X 184.75 LG. CYLIN'DER

a.4 -IDELETED_
- - DELETED__ _ __ _ _ _ _

_ _IDELETED

THK. X 94.6825 O.D. X 81.5 I.D. X !4i1 (APP)EA 2 SA 516 OR. 70 WATER JACKET END PLATE. (MAY BE MADE FROM MORE THAN 1 PIECE)

THK. X 94 E25 OD. X 81.25 ID. RINGs I SA 56 GR. 70 WATE~R-, J..,AF.T i-ND PLATE (MAY BE MADE FROM MORE THAN I PIECE)

7 I SA 350 LF3 TOP FL-_ANKE 4.5 THK. X DI025 0D. X 68.7J ID0 RING
I SA 516 GR. 70 LOWER WATE;R JACKET SHELL 0,5 THK, X 86.25 O.D, X 6 LG. CYLINDER

SA 516 GR. 70I OR SA 350 LF3 BOTTOM FlANGE 2 THK. X 93 0.D. X 68.75 I.D.

SA 51b GR. 70
10 1 OR SA 203-E POOL LID DLTER RING 3.5 THK. X 93.75 O.D. X 75 I.D. RINGDR SA 350 LF3
o I SA 51 GR. 70 POOL LID TOP PLATE 2 THK. X 93 0 PLATE
12 1 ASTM B 29 POOL LID LEAD SHIELD 8.39 OH FT. COMMON LEAD APPROX.
13 S I A 516 GR 70 TOP LIP OLTER RING 0.5 THK. X 71.875 n0. X 3.25 LG. YLINDER
14 1 SA 518 GR. 70 TOP LID !NNER RING 0.5 THK. X 29 O.D. X 3.25 LG. CYLINDER
1i SA 516 GR. 70 TOP LID TOP PLATE 0.5 THK. X 71.375 U.D X 28.5 ID. RING
if 1 SA 516 GR. 70 TOP LiD BOTTO]M PLATE 1.0 THK. X 81.25 0.D. X 27 1.D. RING
17 ] HOLTITE TOP LID SHIELDING 5.41 CD. FT. APPROX.

3 1/4'LG. X 2 7/8' 0 CYLINDER (MAYBE MADE OFlB0 B BA 518 DR. 70 FILL PORT PIJGS MULTIPLE, UNATTACHED PIECES)

1ý 24 SA 193 B7 TOP LID S,'TUID 1-8 UNC X 4 3/8 LG STUDS (4 3/8 FULL LENGTH
T -TTHREAD WITH WRENCH FLAT AT ONE END)

20 24 SA 194 2H TOP LJI NUT 1-8 UNC HEAVY HEX WITH WASHER
21 1 ELASTOMER POOL LID GASKET 05 THK. X 87.25 0D. X 85.75 1.D. COMMERCIAL

38 BA 193 B? POOL LID BOL I I - B UNC X 3.125 LG. HEX. BOLTS X 1.25 MIN
22 86__ SA193B7 POOL Li OL[THREAD LENGTH W/WASHER

NOTE: 1) ALL SA-350-LF3 MATERIAL MAY BE REPLACED BY SA-203-E.
2) ALL DIMENSIONS ARE FOR REFERENCE ONLY,

A3) FOR ITEM 18, SA PE. GR.7 MAY BE REPLACED WITH
SA-203-E OR BA-350-LF 3 OR EQUIVALENT.

,6NO:\DRAWIN5S\IO025\TRNBIFER\BMIB80O-I.R9
HI-STORM 100 R. .5. 620I7



B M - 18) on 0 ( E. 1. H1 ILL OF MATERIAL EFOR 1`TKH-FZ VS120 SI, 2S

REV. NO.
SUMMARY OF CHANGES/
AAFFECTED ECO5

:NCORPORATED ECO 1025-35,
L0, i 3, 8 & 5.

PREP BY: APPROVAL DATE: VIR#:

7 11/30/01

TEM OTY SPEC IF ICAT I ON NCMENCLATURE DI-S F; - P I TI D N

A

,A

iAh\h\

23.12 SA 516 GR.7 E N 'JRE SHELL 0T R K X -3.00 O.D. X 168.75 LG. 30DEG. SHELL SEGMENTS

L, 2 SA 350 LF3 ii I iNG TRLINNION BLOCK 1762K (APPREX) X 10 X 10
25 -- [ I1LEF [-Q

b 2 ISP 637 N07718 LI'' -I",r TRUNNION C.- 5 X 3.5 LG. BAR
, 8 SA I16 GR. .70 LINr5 I TRUNNION END CAP H, KH. X 2 5 P0L ATE
8 4 SA 193 B7 FNL La BOLTS 0 - 3 TUNE X I L. WITH 5/8 LE THREAD_. A 35 FF .C TRUNNIEN I,75 X 13 X 12.5 BLOCK

I0 1 SA 106 IDRAIN PIPE 11 SHL. 80 X 7 (APPROX.) FG. PIPE
31 12 SA 516 GR.70 RALIAL RIB 1.cJ THK. X 5.361 W X 168.75 LG.

I 1 SA 193 B7 IDRAI IN BOLT 1 8IINC X 1.75 LG, SEOKET SET SCREW
•IFCLF TEL F- _ ---

i4 2 SA SC16 ER, 70 IWAIEF JACKET END PLATE I THK. X 34.C25 3.3, X 8 ID2 D -q 39, (APP)
"7I - DELLT D 0--- _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

36 1 SA 516 GR. 70 IPOOL LID BOTTOM PLATE THK. X 77 0 PLATE
37 1 COMMERCIAL IVENT COUPLING I 1/2-3000 It, SCREWED HALF COUPLING (OR SIMILAR)
2B I I COMMERCIAL IVENT PLUG Ii 1/2-3000 Ib, SCREWED HEXAGON HEAD PLUG (OR SIMILAR)
39 2 CEMMERCIAL PP ISSURE RELIEF COUPLING 2-30-0 Ik. SCREWED HALF COUPLING (OR SIMILAR)

40 2 CCMMEREIAL fPRESSLRE RELIEF VALVE MEDIUM PRESSURE POP VALVE (OR SIMILAR)
41 1 SA 106 JAC/ET DRAIN PIPE I i/C SCH 40 X 5 LL PIPE
42 1 COMMERCIAL JACKFT DRAIN VALVE 1 1/2 NONRISING STEM GATE VALVE (OR SIMILAR)
43 .4 C/S OR S/S HOLL PLUGS N/A
44 4 SA 516 GR. 70 TOP LID LIFTING BLCK 1.5 S., X 3.25 LG. BLOCK
45 --.. DELETEC --

46 . . UELE FED
47 4 SA 516 GRD70 SHORT RIB 0.5 THK. X S.688" W X 4.125 LG.

G:\DRAWINGS\I0O5\TRNSFER\BMI880-2.R7
HI-STORM 100 R-. 5 -.nM7



BM-1928 (E.I.D. 3001) BJILL OF MATERIAL FO]R 125 TON HI-TRAC TRANSFER LID (D'WL. 192S),
REV. \O SUMMARY DF !-HANGES/AFFECTED EGOs PREP BY APPROVAL DALL

JNCEThTDRATED ECO 1025-35, T.F 0. 11/30/0110 10, 8,6 S 4

V 7

ITEM I TYI SPECIFICATIIUN I NOMCENCLATURE DESCRIPTION

A

I SA 516 CR 70 LID NP PLATE 1.5 THKI. X U15 WIDE X 108 LG PLATE1 SA 516 GR, 70 LID FOI TOM PLATE 7 THK. X 92£5WIDE X 178 LG PLATE

_ 8 SA 516 GR. 70 LID INFERMENIATE PLATE 1.5 THK. X 3.625 WiDE X 132 LG. PLATE
14 2 SA 516 GR. 70 LEAD COVER PLAT[ I THK. X ,.S25 WIDE X 78 LG. PLATE
1_5 8 SA 516 GR. 70 !LEAD COVC7R SIDE PLATE I THE X 45 WIDE X 8.625 LG. PLATE

6 i ASTM B 29 !SIDE LEAD SHIELD _2.65 (APPROX.) CU. FT.
7 2 SA 36 WlHEEL LA.K 0.25 THK X I X I X 128 LG. ANGLE
_ _2 BA 516 DR. 70 IDCR LOP PLATE 2 114 TIEK X 4// WIDE X 80 LG PLATE (CUT AS NECESSARK)

9 2 ASTM B P9 DDDR LEAD SHIELD 1.9 (APPROX.) CU. FT
110 2 SA 516 GR. 71 IDOOR X1IODLF- PLATE 112 THK. X 47 WIDE X 65 1-G. PLATE (CUT AS NECESSARY)

ii 2 H7 LTITE IDOOR SHIELDNG 3.65 (APPROX.) CU. FT.
I7 L SA 516 GR. 70 DOOR 1 EITTM PLATE _/4 THK. X 47 WIDE X 65 LG. PLATE (CUT AS NECFSSARY)
I3 4 SA516-70 DOR WHEEL HOUSING 1 7/8 THK X 6 WIDE X 25 LU. PLATE

i 2 SA 516 GAR. 70 IDOOR I F PLATE I1 THK X 3 7/8 WIDE X 80 LU PLATE
i5 _2 SA 516 GR. 70 DOOR SIDE PLATE I THK. X 5 /5 WIDE X 65 LG. PLATE

iSA 4 SA 516 GR. 70 DOOR SIDE PLATE I THK. X 5.75 WIDE X 65 LU. PLATE16 4 SA 516 GR. 70 ODOOR SIN PLATE I THK. X 5.75 WIDE X 32.625 APPROX. LG. PLATE

17 2 C/S OR S/S DOFOR HANDI E 3/4-10NE EYE BOLT
18 12 COMMERCIAL DOOR WVEEL 6 X 3 V-GRDOVE WHEEL

19 17 SA 193-B?7 WHEEL SHAFT 1.R5-7UNC (1.75' THREAD LENGTH) X 6.625 LG. BAR /WITH
SCREWDRIVER SLOT FOR INSTALLATION AT UNTHREADED END.

20 --- DELETED --
2 SA 516 GR 70 LID HOULSING STIFFENER I THK. X 3.5 WIDE X 8.6275 LU. PLATE
4 SA 193 D7 DOUR LOCK BOLT 3 - 4 UNC X 11.75" LU HEX. BOLTS W/ .1.5 LG. THREADED

AT END

73 4 SA 516 GR. 70 DOOR STOP BLOCK 2 THK. X 2V WIDE X 8 LU. BLOCK
I74 BA 193 87 DOOR STOP BLOCK BOLT II - 8 UNC X 3 LG. BOLT WV/ .5 LG. THREADED AT END
25 2 SA 516 GR. 70 DOOR END PLATE 1 THK. X 5.75 WIDE X 19 LG. PLATE
76 4 SA 516 GR. 70 LIFTING LUG 0.75 THK X 3 WIDE X 35 L. PLATE
27 B A 516 GR. 70 LIFTING LUG PAD 10.5 THK. X 5 SD PLATE

NOTE:
1) ALL DIMENSIONS ARE APPROXIMATE.

/A\F,:\DRAW I NGS\l 0275\TRNSF ER\ 3M -I97BRIO
HI-STORM 100 R. 5, 61/07



PM-21145 (E.I.[. 3049) BiLL [F MATERIAL F[R 100 T[N Ill-TRAC (MV. 2145) SH1l-. i [72
SREV. NO. SUJM.AY OF CHANGES/AFFECTED ECOs PREP BY APPOVAL DATE: VlRT,

INCOPfPIRATED EEO-1026-28, 18, 8, T.F.O. /

ITEM OTY ISPECIFICATION NOMENCLATURE DESCRIPTION

I I ASTM B 29 RADIAL LEAD SHIELD 17.15 CU. FT. COMMON LEAD APPROX.
2 1 SA 516 OR. 70 OUTER SHELL 1 THK X 78 0.D. X 184.75 LG. CYLiDER
3 1 SA 516 GR. 70 INNER SHELL 0.75 IHK. X 68 75 I.D. X 184. LG. CYLINDER
4 - DELETED4A - DELETEDk, _B - DELETED

/A\ 5 - DELETED
A A - - DELETED

6A 2 SA 516 OR. 70 WATER JACKET END PLATE I THK X 91 0.D. X 78 I.D. RING X 132E ,EF
(MAY BE MADE FROM MORE THAN I PIECE)

68 I SA 516 OR. 70 WATER JA[KET END PLATE 11 THK. X 91 0.D. X 78 ID. RING (MAY ,_ MADE FROM MORE THAN I PIECE)
7 1 SA 350 LFD TOP FLANGE 4.5 THK. X 78.00 0.D. X 68 75 I.D. RINE
B I SA 516 CR. 70 LOWER WATER JACKET SHELL 1.25 THK. X 83.00 0.D. X 6 LG. C'YLINDER
9 1 SA 350 LF3, OR BOTTOM FLANGE 2 TL-K, X 89 0.D. X 68.75 1.D.

S__4A 516 GR. 70 ______________________________________________

SA516 OR 70 OR
10 1 SA 203-E OR POOL LID OUTER RING 20 THK X 89-3/4 O.D X75 1D.

_ A350 LF3

Hi I SA 516 GR. 70 POOL If, TOP PLATE 2 THK. X 89 0
12 I ASTM B 29 POOL LID LEAD SHIELD 13.8 CU FT APPROX. COMMON LEAD
13 DELETED ---

__i4 DELETED I---
I- DELETEED I ---

I i6 I SA 516 OR. 70 TOP LID BOTTOM PLAIE 11.0 THK. X .78.00 O.D. X 27 I.D. RING
[17 I 1SA 516 OR 70 POOL LID BOTTOM PLATE ' IHK N 76.5 0

18 8BI8SA 516 OR. 70 FILL PORT PLUGS3 1/4 LG. X 02 3/8 CYLINDER (MAYBE MADE OF MULTIPLE UNATTACHED
I PIECES)

1-8 UNE X 5 LG. STUD ( FULL LENGTH THREAD WITH WRENCH FLAT ATA 9 I 4 SA 193 87 TOP LID STUD ONE END)

A 20 2L 4 SA 194 2H TOP LID NUT 1-8 UNC HEAVY HEX WITH WASHER (3/16' MAX1 OPTIONAL)
A 21 I ELASTOMER POOL LID GASKET 0.5' THK. X 83.62' OD. X 82.125 ID. COMMERCIAL

22 36 SA 193 87 POOL LID BOLT I-8UNC X 3125 LC. HEX BOLTS WITH 1.25' MIN THRO LENGTH W/WASHER
_(3/16ý MAXi OPTIONAL)

23 DELETED ---
24 2 SA 350 LF3 LIFTING TRUNNION BLOCK 1725 (APP) X 10 x I0
25 DELETED

NOTES I ALL SA-350-LF3 MATERIAL MAY BE REPLACED BY SA-203-E
2. ALL DIMENSIONS ARE FOR REFERENCE ONLY.

A G:\DRAW1NGSý\j0P6\HI-TRAC\BM2145-IRG lTR60- M



PM-2145 (EID. 3050) B[LL OF MATFRIAL FOR 100 ITIN HI-TRAC (DM. 2145) SH, P OF 2
::[V. NO,

5

SJMMARY OF CIANGES/AFFECTED ECEs PREP BY: APPROV/AL DATE: VIRT:

INCORPORATED ECO-i026-l0, 7 & 5. 11/30/01

27 2
27 2

SPECIFICATION N O iE NC LA T UJR E DESCRIPTION
SB 637 N07718 I I FTINTI, TRI INNISN
SB 637-- N0771 j-FI TUNO

625 V X 9.25 LG, BAR
0.5 THK, X 625 0 PLATESA 51G SR. 70 LIFTING TRUNNIhN FNS) CAP

......................... i. .. . . ... . .. .

SA 193 B7 END C.AP BEILTS i - 13 1JNL X I LL. WIIH b/8 MIN THRLAD

3 r

]iV

A\ 1

c) P NA 25fl I F RFMS\/API F PSFkFT TRI ININ1F]N~ [P 375 RILOCK
SA -350 LF3 2.9375 X 13 X--K\LT TRUNNION 2-375 BLOCK

SA564-630 (H1100) DOLWFL PiNS 1 3/B" 4 BAR _____
i,

SA 106 DRAIN PIPE I SCH E 0 X 6 LG APPROX (CUT TO SUIT)
I PA 192 R7 BRArN PS 1 - WiNE N 1.75 I I. SET SCRFW

3 .. .DELETE D- -
SA SA 518 6R. 70 WATE JACKLET END PLATE I THK. X 91 0. D. X7 8 48' APP12 1 - - DELATER ---

10 1 SA 516 GR. 70 -ENCLFSRE SHELL PANEL 10.375 THK. X 88.75 O.D. X 168.75 LG 36 DEG. SHELL SEGMENT
1 COMMERCIAL VENT 2OLIPLiN.G 1 1/2-3000 kH. SCREWED HALF COUPLING (OR SIMILAR)

38 1 1 COMMERCIAL IVENT PLUG 17 1/2-3000 lh: SCREWED HEXAGON HEAD PLUG (SR SIMILAR)
3c) COMMERCIAL PRESSURE RELIEF COUPLING 2"-3000 lb. SCREWED HALF COUPLING (OR SIMILAR)

4n T- 1.MFFA PFP[FCI1F\A I FII RPIR 5 /IV S II R

A\,s'\

41 I 1 SA 106 IJACKET DRAIN PIPE I !/2 SCHI 40 X S LG. PIPE
42 I 1 COMMERCIAL JACKELT DRAIN VALVE 112 /2 NONRISING STEM GATE VALVE (OR SIMILAR)
,143 1 4 C/S OR S/S HOLE PLUGS N/A

144 1 _0 SA 516 GR. 70 RADIAL Ri- 1.25 THK. X 168.75 LG. X 5 WIDE
45 1 4 SA 516 GR, 70 SHORT RI8 0.5 THK, X 4.125 L.G X 5.375 WIDE

46 -- DELETED- -
_71 _ SA 350 LF3 PODEETE TRUINNION BASE 8.03 X 1 X 12.375
48 4 SA564-630 POCKET TRUNNION BOLTS 1-8 UNC X 6.25 WITH 2.3125" MIN LG THREAD

(HI100)
49 1.-DELETED

L G:\DRAWINGS\1026\HI- TRAC\BM2145-2R5
HI-STORM 1o ,ev 5-6/21M7



BM-2152 BILL OF MATERIAL FOR 100 TON HI-TRAC TRANSFER LID (DMG, 2152)
REV. NO. SUMMARY OF CHANGES/ PREP BY APPROVAL DATE VIRWAFFECTED ECEs

8 INCORPORATED ECO-1026-28, 19, 15, 14, T.F.O. 11/30/01 71621
10, 8 & 4.

ITEM QTY, SPECIFICATION NOMENCLATURE DESCRIPTION
I SA 516 GR. 70 LID TOP PLATE 1.5 THK, X 89.5 WIDE X 128 LG. PLATE
2 1 SA 516 GR. 70 LID BOTTOM PLATE 1 1/2 THK, X 89.5 WIDE X 128 LG. PLATE

A 3 2 SA 516 GR. 70 LID INTERMEDIATE PLATE 1,5 THK. X 8.625 WIDE X 132 LG, PLATE
A 4 2 SA 516 GR, 70 LEAD COVER PLATE I THK, X 8.625 WIDE X 78 LG. PLATE
A 5 8 SA 516 GR, 70 LEAD COVER SIDE PLATE 1 THK. X 2.5 WIDE X 8.625 LG. PLATE

6 1 ASTM B 29 SIDE LEAD SHIELD 1.136 APPROX, CU. FT.
/6\ 7 2 SA 36 WHEEL TRACK 0.25 THK, X 1.0 X 1.0 X 128 LG. ANGLE

8 2 SA 516 GR. 70 DOOR TOP PLATE 2.25 THK. X 47 WIDE X 80 LG, (CUT AS NECESSARY)
9 2 ASTM B 29 DOOR LEAD SHIELD 2.04 APPROX CU. FT,
10 -- DELETED
11 -- DELETED - - -

12 2 SA 516 GR. 70 DOOR BOTTOM PLATE 112 THK, X 44.5 WIDE X 65 LG. PLATE (CUT AS NECESSARY)
13 4 SA 516 GR 70, DOOR WHEEL HOUSING 1 7/8 THK, X 6 WIDE X 25 LG.
14 2 SA 516 GR, 70 DOOR INTERFACE PLATE 1 THK, X 3 3/4 WIDE X 80 LG. PLATE

A 15 2 SA 516 GR. .70 DOOR SIDE PLATE 1 THK, X 5.75 WIDE X 65 LG. PLATE
A 15A 4 SA 516 GR. 70 DOOR SIDE PLATE 1 THK, X 5.75 WIDE X 65 LG. PLATE

16 4 SA 516 GR. 70 DOOR SIDE PLATE I THK, X 2 WIDE X 29 APPROX. LG. PLATE
17 2 C/SOR S/S DOOR HANDLE 3/4-IOUNC EYE BOLT
18 12 COMMERCIAL DOOR WHEEL 6 X 3 V-GROOVE WHEEL
19 12 SA 193 87 WHEEL SHAFT 1,25-7UNC (1.25 THREAD LENGTH) X 6.625 LG. BAR WITH

SCREWDRIVER SLOT FOR INSTALLATION AT UNTHREADED END,
20 -- DELETED -- - -

AN 21 2 SA 516 GR. 70 LID HOUSING STIFFENER 1 THK, X 1.5 WIDE X 8.625 LG, PLATE
3 - 4 UNC X 11.25 LG. HEX. BOLTS W/ 1.5 LG. THREADEDA 22 4 SA 193 87 DOOR LOCK BOLT AT END

23 4 SA 516 GR, 70 DOOR STOP BLOCK 2 THK, X 2 WIDE X 8 LG. BLOCK
24 8 SA 193 87 DOOR STOP BLOCK BOLT 1 - 8 UNC X 3 LG. BOLT W/ 2.5 LG. THREADED AT END
25 2 SA 516 GR, 70 DOOR END PLATE 1 THK. X 2 WIDE X 24 LG. PLATE
26 4 SA 516 GR. 70 LIFTING LUG 0.75 THK, X 3 WIDE X 3.5 LG. PLATE
27 4 SA 516 GR. 70 LIFTING LUG PAD 0,5 THK. X 5 SO, PLATE
28 1 CARBON STEEL TOP PLATE EXTENSION 1 1/2' THK. X 5.75' WIDE X 89 LG. PLATE
29 2 CARBON STEEL AIR HOSE GUIDE 2' X 2' SQ. TUBE W/ 1/4' THK. WALL

NOTES:
1) ALL DIMENSIONS ARE APPROXIMATE,

AIB\DRAWIINGS\1026\HI-TRAC\NM2152R8
Hl STORM 10 Reý 5 - 60110V7



8 7 6 5 4 3
8 7 6 5 JI. 4 3 1

CLIENT GENERAL LICENSING DRAWING PACKAGE COVER SHEET

PROJECT NO. 1025 P.O. NO. N/A

DRAWING 378 TOTAL 1
PACKAGE I.D. SHEETS 12

LICENSING DRAWING PACKAGE CONTENTS:

D

SHEET DESCRIPTION
1 COVER SHEET

2 ASSEMWLY DRAWING AND DILL OF MATERIALS

3 OVERALL DIMENSIONS

4 POOL LID ASSEMBLY

5 BASE PLATE ASSEMBLY

B OUTER SELL ASSMLY

7 TOP FLANGE ASSEMBLY

a TRUNNION AND INNER SHELL ASSEMBLy

9 WATER JACKET SHELL ASSEMILY

10 TOP LID ASSEOD LY

II OPTIONAL RADIAL RIB DESIGN

12 OPSGJNAL BOTTOM FLANGE DESIGN

REVISION LOG

REV AFFECTED DRAWING SUMMARY OF CHANGES/ PREPARED APPROVAL
SHEET NUMBERS AFFECTED ECOs BY DATE VIR#,

0 INITIAL ISSUE 1025-3R SCAIN 1111,01 37568

1 ALL 1025.36. REV. I S CAIN 0061]2 47339

2 SHEETS9&11 1025-40. REV 0 S CAIN 1021M02 81264

3 SHEET 4 1025-42. REV. 0 S.CAN 1011,02 40539

4 SHEETS 4 & 9 1025-44. REV. 0.102-45. REV. 0 S.CAIN 0110103 65098

5 SHEETS 1. 10& 12 1-5-41 S.EAIN BOM3 59183

6 SHEETS 6 B 8 1025-51..RA. 0 D er 10105,04 28534

7 SHEET6 1025.54. R4.0 D 0,. 0. o3wo1 35646

THE %ALIDAIION IDENTIFICATION RUECORD (VIR) SEMBED IS A COMPUTE R GENERATED RANDOM NUMBER WHICH
CONFIRNMS THAT ALL APPROPRIATE RCVIEES OF TIllS DRAWING ARE DOCLUIE.NTED TN COMPANYS N EnORAL

C

I

±

+

- I

I

NOTES:

1. THE EQUIPMENT DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN
CONFIRMED BY HOLTEC INTERNATIONAL TO COMPLY WITH THE SAFETY
ANALYSES DESCRIBED IN THE HI-STORM FSAR

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED SOLELY FOR
LICENSING PURPOSES TO DEFINE REASONABLE LIMITS ON THE NOMINAL
DIMENSIONS USED IN LICENSING WORK HARDWARE IS FABRICATED IN
ACCORDANCE WITH THE DESIGN DRAWINGS, WHICH HAVE MORE RESTRICTIVE
TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE
TOLERANCE STACK-UP FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP.

3. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THE PACKAGE IS THE
SAME AS THE REVISION LEVEL OF THIS COVER SHEET. A REVISION TO ANY
SHEETISI IN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS
OF ALL SHEETS TO THE NEXT REVISION NUMBER.

4. APPLICABLE CODES AND STANDARDS ARE DELINEATED IN FSAR SECTION 2.2.4.

5. ALL WELDS REQUIRE VISUAL EXAMINATION. ADDITIONAL NDE INSPECTIONS
ARE NOTED ON THE DRAWING. NDE TECHNIQUES AND ACCEPTANCE CRITERIA
ARE PROVIDED IN FSAR TABLE 9.1.4.

6. UNLESS OTHEWISE NOTED. FULL PENETRATION WELDS MAY BE MADE FROM EITHER
SIDE OF A COMPONENT.

7. THIS COMPONENT IS IMPORTANT-TO-SAFETY. CATEGORY A, BASED ON THE HIGHEST
CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT CLASSIFICATIONS ARE
PROVIDED ON THE DESIGN DRAWING.

8. ALL WELD SIZES ARE MINIMUMS EXCEPT AS ALLOWED BY APPLICABLE CODES AS
CLARIFIED IN THE FSAR. FABRICATOR MAY ADD WELDS WITH HOLTEC APPROVAL.
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THIS SIDE SHOWNW•TH SUPPORT
TAB

OPTIONAL WATER JACKET TOP PLATE

(SEE NOTRA3516 P 7 S(SENTS3AND 4 THIS SHEET)

C168Vt4'

B

17 -- ý 4 -

OPTIONAL ATTACHMENT LUG/SUPPORT TAB
OPTIONAL ATFACHMENT LUG/SUPPORT TAB WATERJACKET WELDMENT

(WITH OR WITHOUT ATTACHMENT HOLE)
SSA 516GR T0

(SEE NOT(E 1 AND 2 THIS SHEET)

OPTIONAL WATER JACKET SHELL
(OA5IS GR T0 OR SA 516 GR. 7T
(SEE NOTES 3 AND 4 THIS SHETR)

1 OPTIONAL ATTACHMENT LUGOSUPPORT TAB REPLACES LONG RIB PLATE ON SHEET 6. (4) REQUIRED
PER HI-TRAC ASSEMBLY

2. WELDING INSTALLATION. INSPECTIONS AND PAINTING ARE IDENTICAL TO LONG RIB PLATE ON SHEET 6

3. OPTIONAL WATER JACKET TOP PLATE AND WATER JACKET SHELL REPLACE LIKE ITEMS ON SHEETS 6 ANC 9

4 WELDING INSTALLATION. INSPECTIONS AND PAINTING ARE IDENTICAL TO CALL-OUTS ON SHEETS 6 AND 9
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GENERAL

PROJECT NO. 1024 P.O. NO. N/A

LICENSING DRAWING PACKAGE COVER SHEET

DRAWlING 411 OAL 13
PACKAGE (.0. SHEETS

LICENSING DRAWING PACKAGE CONTENTS:

SHEET DESCRIPTION

1 COVER SHEET

2 ASSEMBLY DRAWING

3 ASSEMBLY

4 BASE INLET ASSEMBLY

5 BASE INLET DETAILS

6 CASK BODY ASSEMBLY

7 CASK BODY DETAILS

8 CLOSURE LID ASSEMBLY

9 CLOSURE LID DETAILS

10 BASE INLET WELDS

11 CASK BODY WELDS

12 CLOSURE LID WELDS

13 GAMMA SHIELD SHIELD INLET & OUTLET ASSEMBLIES

REVISION LOG
IT IS MANDATORY AT •.CD REISION TO COMPLETETBE REVIEW & APPROVAL LIý STIRED IN itLYYCN

" DIRECTORY NTPAONNRIIOWOREINGDBAL BY ALL RELEVANT TECHNICAL DISCIPLINES PM ANDQX PFIJSONNEL
MCII AAOIE DRAWING SA CONTAINS AN"OrATT TRIANGLES INDICATING THR REVISIO TO IIlE DRA•ING.

REV AFFECTED DRAWING SUMMARY OF CHANGES/ PREPA D PROVAL VIR#

SHEET NUMBERS AFFECTED ECOs DATE

12 SHEET.. W..119.REV.. 0DB --- 60064

13 SRETN A..R D1024-T21. REV. 0. 1024-123. REV. 0 SLC miasmi 44522

14 SHEETS 2, 9,A1lAD. REV 1 wlOR 30492

15 SHEETS 7.8.9 102-131. REV.! Lm 1T 84320

16 SHEETS ..8 1D24-1l. REV. 0 AG ITRTI 57608

17 SHEET 1024-II5. REST I 0LA DRITD 89982

1 .1 VALIDATION IDENIFICATION RECORD IVIRI NUMBER IS A COMPUTER GENERATED _RANESA NVNTDB.R WIIICH
CONF[IRS IT IIT ALL APPROPRIATE REVIEWS DRF TiVs DAWING ARE DOCYIRENTED IN COMWPANY NYETWOEK
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NOTES:

1 THE EQUIPMENT DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN
CONFIRMED BY HOLTEC INTERNATIONAL TO COMPLY WITH THE SAFETY
ANALYSES DESCRIBED IN THE HI-STORM FSAR.

2 DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED SOLELY
FOR LICENSING PURPOSES TO DEFINE REASONABLE LIMITS ON THE
NOMINAL DIMENSIONS USED IN LICENSING WORK. HARDWARE IS FABRICATED
IN ACCORDANCE WITH THE FABRICATION DRAWINGS. WHICH HAVE MORE
RESTRICTIVE TOLERANCES. TO ENSURE COMPONENT FIT-UP. DO NOT USE
WORST-CASE TOLERANCE STACK-UP FROM THIS DRAWING TO DETERMINE
COMPONENT FIT-UP.

3. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THE PACKAGE IS THE
SAME AS THE REVISION LEVEL OF THIS COVER SHEET. A REVISION TO ANY
SHEET S) IN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS
OF ALL SHEETS TO THE NEXT REVISION NUMBER.

4. APPLICABLE CODES AND STANDARDS ARE DELINEATED IN SECTION 2.2 4 OF THE FSAR.

S. ALL WELDS REQUIRE VISUAL EXAMINATION. ADDITIONAL NDE INSPECTIONS
ARE NOTED ON THE DRAWING IF REQUIRED. NDE TECHNIQUES AND ACCEPTANCE CRITERIA
ARE PROVIDED IN TABLE 9.1.4 OF THE FSAR.

6. UNLESS OTHEWISE NOTED. FULL PENETRATION WELDS MAY BE MADE FROM EITHER
SIDE OF A COMPONENT.

7 THIS COMPONENT IS IMPORTANT-TO-SAFETY, CATEGORY B. BASED ON THE HIGHEST
CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT CLASSIFICATIONS ARE
PROVIDED ON THE FABRICATION DRAWING.

B. ALL WELD SIZES ARE MINIMUMS EXCEPT AS ALLOWED BY APPLICABLE CODES AS
CLARIFIED IN THE FEAR. FABRICATORS MAY ADD WELDS WITH HOLTEC APPROVAL.

9. WELDS IDENTIFIED WITH AN # ARE CONSIDERED NON-NF WELDS. WELDS MAY BE MADE
USING PREQUALIFIED WELDS IN ACCORDANCE WITH AWS D1.1 OR PER ASME SECTION IX.

10. THE 38" FILLET OR GROOVE WELD MAY BE APPLIED TO THE OUTER OR INNER DIAMETERS
OF THE OUTER SHELL. THE WELD MAY BE APPLIED ALTERNATELY BETWEEN THE INNER & OUTER
DIAMETER PROVIDED THERE IS AN OVERLAP OF THE INNER AND OUTER WELD.
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GENERAL LICENSING DRAWING PACKAGE COVER SHEET

PROJECT NO. 1026 P.O. NO. N/A

DRAWING 418 TOTAL 1
PACKAGE I.D. SHEETS 10

LICENSING DRAWING PACKAGE CONTENTS:

SHEET DESCRIPTION

1 COVER SHEET

2 ASSEMBLY DRAWING AND BILL OF MATERIALS

3 OVERALL DIMENSIONS

4 POOL LID ASSEMBLY

5 BASE PLATE ASSEMBLY

6 OUTER SHELL ASSEMBLY

7 TOP FLANGE DETAILS

8 TRUNNION AND INNER SHELL ASSEMBLY

9 WATER JACKET SHELL ASSEMBLY

10 TOP LID ASSEMBLY

REVISION LOG

REV AFFECTED DRAWING SUMMARY OF CHANGES/ PREPARED1 APPROVAL VIR#,
SHEET NUMBERS AFFECTED ECOs BY DATE

0 INITIAL ISSUE 1026-30 SCAIN 8125/3 82748
1 ALL SHEETS 1026-31 T.F.O. 10127103 70107

2' SHEET4 1026-32 LEH 12117103 86122
3 SHEET 5 & 8 1026-33 T.F.O. 323104 30678
4 SHEET 6 1026-40 JJB 12130/S0 62382

5 SHEET4 1026-41 SLC 211106B 61656

THE VALIDATION IDENTIFICATION RECORD IVIRI NUMBER IS * COMPUTER GENERATED RANDOM NUMBER WHICH
CONFIRMS THAT ALL UPPROPRIATE REVIEB'g OF THIS DRAHINO ARE DOCUMIENTED IN COMPANY'S NCETOI.U

- 1
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+

NOTES:

1. THE EQUIPMENT DOCUMENTED IN THIS DRAWING PACKAGE HAS BEEN
CONFIRMED BY HOLTEC INTERNATIONAL TO COMPLY WITH THE SAFETY
ANALYSES DESCRIBED IN THE HI-STORM FSAR

2. DIMENSIONAL TOLERANCES ON THIS DRAWING ARE PROVIDED SOLELY FOR
LICENSING PURPOSES TO DEFINE REASONABLE LIMITS ON THE NOMINAL
DIMENSIONS USED IN LICENSING WORK. HARDWARE IS FABRICATED IN
ACCORDANCE WITH THE DESIGN DRAWINGS. WHICH HAVE MORE RESTRICTIVE
TOLERANCES, TO ENSURE COMPONENT FIT-UP. DO NOT USE WORST-CASE
TOLERANCE STACK-UP FROM THIS DRAWING TO DETERMINE COMPONENT FIT-UP.

3. THE REVISION LEVEL OF EACH INDIVIDUAL SHEET IN THE PACKAGE IS THE
SAME AS THE REVISION LEVEL OF THIS COVER SHEET. A REVISION TO ANY
SHEET(SL IN THIS PACKAGE REQUIRES UPDATING OF REVISION NUMBERS
OF ALL SHEETS TO THE NEXT REVISION NUMBER.

4. APPLICABLE CODES AND STANDARDS ARE DELINEATED IN FSAR SECTION 2.2.4.

S. ALL WELDS REQUIRE VISUAL EXAMINATION. ADDITIONAL NDE INSPECTIONS
ARE NOTED ON THE DRAWING. NDE TECHNIQUES AND ACCEPTANCE CRITERIA
ARE PROVIDED IN FSAR TABLE 9.1.4.

6. UNLESS OTHEWISE NOTED, FULL PENETRATION WELDS MAY BE MADE FROM EITHER
SIDE OF A COMPONENT.

7. THIS COMPONENT IS IMPORTANT-TO-SAFETY, CATEGORY A, BASED ON THE HIGHEST
CLASSIFICATION OF ANY SUBCOMPONENT. SUBCOMPONENT CLASSIFICATIONS ARE
PROVIDED ON THE DESIGN DRAWING.

8. ALL WELD SIZES ARE MINIMUMS EXCEPT AS ALLOWED BY APPLICABLE CODES AS
CLARIFIED IN THE FSAR. FABRICATOR MAY ADD WELDS WITH HOLTEC APPROVAL.
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APPENDIX 1.A: ALLOY X DESCRIPTION

1.A ALLOY X DESCRIPTION

1 .A. I Alloy X Introduction

Alloy X is used within this licensing application to designate a group of stainless steel alloys. Alloy
X can be any one of the following alloys:

* Type 316
* Type 316LN
* Type 304
• Type 304LN

Qualification of structures made of Alloy X is accomplished by using the least favorable mechanical
and thermal properties of the entire group for all MPC mechanical, structural, neutronic,
radiological, and thermal conditions. The Alloy X approach is conservative because no matter
which material is ultimately utilized, the Alloy X approach guarantees that the performance of the
MPC will meet or exceed the analytical predictions.

This appendix defines the least favorable material properties of Alloy X.

1.A.2 Alloy X Common Material Properties

Several material properties do not vary significantly from one Alloy X constituent to the next. These
common material properties are as follows:

* density
* specific heat
* Young's Modulus (Modulus of Elasticity)
* Poisson's Ratio

The values utilized for this licensing application are provided in their appropriate chapters.

I .A.3 Alloy X Least Favorable Material Properties

The following material properties vary between the Alloy X constituents:

* Design Stress Intensity (Smn)
* Tensile (Ultimate) Strength (Su)
* Yield Strength (SY)
* Coefficient of Thermal Expansion (a)
* Coefficient of Thermal Conductivity (k)
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Each of these material properties are provided in the ASME Code Section II [1.A. 1]. Tables l.A. I
through 1 .A.5 provide the ASME Code values for each constituent of Alloy X along with the least
favorable value utilized in this licensing application. The ASME Code only provides values to -
20'F. The design temperature of the MPC is -40'F to 725°F as stated in Table 1.2.2. Most of the
above-mentioned properties become increasingly favorable as the temperature drops.
Conservatively, the values at the lowest design temperature for the HI-STORM 100 System have
been assumed to be equal to the lowest value stated in the ASME Code. The lone exception is the
thermal conductivity. The thermal conductivity decreases with the decreasing temperature. The
thermal conductivity value for -40'F is linearly extrapolated from the 70°F value using the difference
from 70'F to 100°F.

The Alloy X material properties are the minimum values of the group for the design stress intensity,
tensile strength, yield strength, and coefficient of thermal conductivity. Using minimum values of
design stress intensity is conservative because lower design stress intensities lead to lower
allowables that are based on design stress intensity. Similarly, using minimum values of tensile
strength and yield strength is conservative because lower values of tensile strength and yield strength
lead to lower allowables that are based on tensile strength and yield strength. When compared to
calculated values, these lower allowables result in factors of safety that are conservative for any of
the constituent materials of Alloy X. Further discussion of the justification for using the minimum
values of coefficient of thermal conductivity is given in Chapter 3. The maximum and minimum
values are used for the coefficient of thermal expansion of Alloy X. The maximum and minimum
coefficients of thermal expansion are used as appropriate in this submittal. Figures 1.A.I-I.A.5
provide a graphical representation of the varying material properties with temperature for the Alloy
X materials.

I.A.4 References

[L .A. I] ASME Boiler & Pressure Vessel Code Section II, 1995 ed. with Addenda through 1997.
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Table I.A.1

ALLOY X AND CONSTITUENT DESIGN STRESS INTENSITY (Sin) vs. TEMPERATURE

Alloy X

Temp. (°F) Type 304 Type 304LN Type 316 Type 316LN (minimum of
constituent

values)

-40 20.0 20.0 20.0 20.0 20.0

100 20.0 20.0 20.0 20.0 20.0

200 20.0 20.0 20.0 20.0 20.0

300 20.0 20.0 20.0 20.0 20.0

400 18.7 18.7 19.3 18.9 18.7

500 17.5 17.5 18.0 17.5 17.5

600 16.4 16.4 17.0 16.5 16.4

650 16.2 16.2 16.7 16.0 16.0

700 16.0 16.0 16.3 15.6 15.6

750 15.6 15.6 16.1 15.2 15.2

800 15.2 15.2 15.9 14.9 14.9

Notes:

1. Source: Table 2A on pages 314,318, 326, and 330 of [l.A.1].

2. Units of design stress intensity values are ksi.
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Table 1.A.2

ALLOY X AND CONSTITUENT TENSILE STRENGTH (Sn) vs. TEMPERATURE

Alloy X

Temp. (°F) Type 304 Type 304LN Type 316 Type 316LN (minimum of
constituent

values)

-40 75.0 (70.0) 75.0 (70.0) 75.0 (70.0) 75.0 (70.0) 75.0 (70.0)

100 75.0 (70.0) 75.0 (70.0) 75.0 (70.0) 75.0 (70.0) 75.0 (70.0)

200 71.0 (66.2) 71.0 (66.2) 75.0 (70.0) 75.0 (70.0) 71.0 (66.2)

300 66.0 (61.5) 66.0 (61.5) 73.4 (68.5) 70.9 (66.0) 66.0 (61.5)

400 64.4 (60.0) 64.4 (60.0) 71.8 (67.0) 67.1 (62.6) 64.4 (60.0)

500 63.5 (59.3) 63.5 (59.3) 71.8 (67.0) 64.6 (60.3) 63.5 (59.3)

600 63.5 (59.3) 63.5 (59.3) 71.8 (67.0) 63.1 (58.9) 63.1 (58.9)

650 63.5 (59.3) 63.5 (59.3) 71.8 (67.0) 62.8 (58.6) 62.8 (58.6)

700 63.5 (59.3) 63.5 (59.3) 71.8 (67.0) 62.5 (58.4) 62.5 (58.4)

750 63.1 (58.9) 63.1 (58.9) 71.4 (66.5) 62.2 (58.1) 62.2 (58.1)

800 62.7 (58.5) 62.7 (58.5) 70.9 (66.2) 61.7 (57.6) 61.7 (57.6)

Notes:

I1. Source: Table U on pages 437, 439, 441, and 443 of[1 .A. ].

2. Units of tensile strength are ksi.

3. The ultimate stress of Alloy X is dependent on the product form of the material (i.e.,
forging vs. plate). Values in parentheses are based on SA-336 forged materials (type
F304, F304LN, F316, and F316LN), which are used solely for the one-piece construction
MPC lids. All other values correspond to SA-240 plate material.
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Table 1.A.3

ALLOY X AND CONSTITUENT YIELD STRESSES (Sy) vs. TEMPERATURE

Alloy X

Temp. (°F) Type 304 Type 304LN Type 316 Type 316LN (minimum of
constituent

values)

-40 30.0 30.0 30.0 30.0 30.0

100 30.0 30.0 30.0 30.0 30.0

200 25.0 25.0 25.8 25.5 25.0

300 22.5 22.5 23.3 22.9 22.5

400 20.7 20.7 21.4 21.0 20.7

500 19.4 19.4 19.9 19.4 19.4

600 18.2 18.2 18.8 18.3 18.2

650 17.9 17.9 18.5 17.8 17.8

700 17.7 17.7 18.1 17.3 17.3

750 17.3 17.3 17.8 16.9 16.9

800 16.8 16.8 17.6 16.6 16.6

Notes:

I. Source: Table Y-1 on pages 518, 519, 522, 523, 530, 531, 534, and 535 of [1.A.1].

2. Units of yield stress are ksi.
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Table I.A.4

ALLOY X AND CONSTITUENT COEFFICIENT OF THERMAL EXPANSION
vs. TEMPERATURE

Type 304 Type 316 AlloyX AlloyX
Temp.Maximum Minimum

Type 304LN Type 316LN

-40 8.55 8.54 8.55 8.54

100 8.55 8.54 8.55 8.54

150 8.67 8.64 8.67 8.64

200 8.79 8.76 8.79 8.76

250 8.90 8.88 8.90 8.88

300 9.00 8.97 9.00 8.97

350 9.10 9.11 9.11 9.10

400 9.19 9.21 9.21 9.19

450 9.28 9.32 9.32 9.28

500 9.37 9.42 9.42 9.37

550 9.45 9.50 9.50 9.45

600 9.53 9.60 9.60 9.53

650 9.61 9.69 9.69 9.61

700 9.69 9.76 9.76 9.69

750 9.76 9.81 9.81 9.76

800 9.82 9.90 9.90 9.82

Notes:

I1. Source: Table TE-1 on pages 590 and 591 of[1.A.1].

2. Units of coefficient of thermal expansion are in./in.-°F x 10-6.
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Table 1.A.5

ALLOY X AND CONSTITUENT THERMAL CONDUCTIVITY vs. TEMPERATURE

Type 304 Type 316 Alloy X

Temp. (OF) and and (minimum of
Temp.constituent

Type 304LN Type 316LN vatues)
values)

-40 8.23 6.96 6.96

70 8.6 7.7 7.7

100 8.7 7.9 7.9

150 9.0 8.2 8.2

200 9.3 8.4 8.4

250 9.6 8.7 8.7

300 9.8 9.0 9.0

350 10.1 9.2 9.2

400 10.4 9.5 9.5

450 10.6 9.8 9.8

500 10.9 10.0 10.0

550 11.1 10.3 10.3

600 11.3 10.5 10.5

650 11.6 10.7 10.7

700 11.8 11.0 11.0

750 12.0 11.2 11.2

800 12.2 11.5 11.5

Notes:

1. Source: Table TCD on page 606 of[1.A.1].

2. Units of thermal conductivity are Btu/hr-ft-°F.
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DESIGN STRESS INTENSITY VS. TEMPERATURE
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TENSILE STRENGTH VS. TEMPERATURE
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YIELD STRESS VS. TEMPERATURE
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COEFFICIENT OF THERMAL EXPANSION VS. TEMPERATURE
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THERMAL CONDUCTIVITY VS. TEMPERATURE
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APPENDIX 1.B: HOLTITE TM MATERIAL DATA

The information provided in this appendix describes the neutron absorber material, Holtite-A for the
purpose of confirming its suitability for use as a neutron shield material in spent fuel storage casks.
Holtite-A is one of the family of Holtite neutron shield materials denoted by the generic name
Holtite TM. It is currently the only solid neutron shield material approved for installation in the HI-
TRAC transfer cask. It is chemically identical to NS-4-FR which was originally developed by Bisco
Inc. and used for many years as a shield material with B4C or Pb added.

Holtite-A contains aluminum hydroxide (AI(OH) 3) in an epoxy resin binder. Aluminum hydroxide is
also known by the industrial trade name of aluminum tri-hydrate or ATH. ATH is often used
commercially as a fire-retardant. Holtite-A contains approximately 62% ATH supported in a typical
2-part epoxy resin as a binder. Holtite-A contains 1% (nominal) by weight B4C, a chemically inert
material added to enhance the neutron absorption property. Pertinent properties of Holtite-A are
listed in Table 1.B. 1.

The essential properties of Holtite-A are:

1. the hydrogen density (needed to thermalize neutrons),

2. thermal stability of the hydrogen density, and

3. the uniformity in distribution of B4C needed to absorb the thermalized neutrons.

ATH and the resin binder contain nearly the same hydrogen density so that the hydrogen density of
the mixture is not sensitive to the proportion of ATH and resin in the Holtite-A mixture. B4 C is
added as a finely divided powder and does not settle out during the resin curing process. Once the
resin is cured (polymerized), the ATH and B4C are physically retained in the hardened resin.
Qualification testing for B4C throughout a column of Holtite-A has confirmed that the B4 C is
uniformly distributed with no evidence of settling or non-uniformity. Furthermore, an excess of B4 C

is specified in the Holtite-A mixing and pouring procedure as a precaution to assure that the B 4C

concentration is always adequate throughout the mixture.

The specific gravity specified in Table 1.B. 1 does not include an allowance for weight loss. The
specific gravity assumed in the shielding analysis includes a 4% reduction to conservatively account
for potential weight loss at the design temperatures listed in Table 1.B.1. or an inability to reach
theoretical density. Tests on the stability of Holtite-A were performed by Holtec International. The
results of the tests are summarized in Holtec Reports HI-2002396, "Holtite-A Development History
and Thermal Performance Data" and HI-2002420, "Results of Pre- and Post-Irradiation Test
Measurements." The information provided in these reports demonstrates that Holtite-ATM possesses
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the necessary thermal and radiation stability characteristics to function as a reliable shielding
material in the HI-TRAC transfer cask.

The Holtite-A is encapsulated in the HI-TRAC transfer cask lid and, therefore, should experience a
very small weight reduction during the design life of the cask. The data and test results confirm that
Holtite-A remains stable under design thermal and radiation conditions, the material properties meet
or exceed that assumed in the shielding analysis, and the B4C remains uniformly distributed with no
evidence of settling or non-uniformity.

Based on the information described above, Holtite-A meets all of the requirements for an acceptable
neutron shield material.
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Table I.B.1

REFERENCE PROPERTIES OF HOLTITE-A NEUTRON SHIELD MATERIAL

PHYSICAL PROPERTIES
% ATH 62 nominal
Specific Gravity 1.68 g/cc nominal
Max. Continuous Operating Temperature 300°F
Max. Short-Term Operating Temperature 350'F (Note 1)
Hydrogen Density 0.096 g/cc minimum
Radiation Resistance Excellent
CHEMICAL PROPERTIES (Nominal)
wt% Aluminum 21.5
wt% Hydrogen 6.0
wt% Carbon 27.7
wt% Oxygen 42.8
wt% Nitrogen 2.0
wt% B 4C 1.0

NOTES:

1. As defined in Section 2.2, all operations involving the HI-TRAC transfer cask are short-term
operating conditions. The short-term operating temperature limit is, therefore, the
appropriate maximum design temperature for the Holtite-A in the HI-TRAC transfer cask.
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APPENDIX 1.C: MISCELLANEOUS MATERIAL DATA
(Total of 2 Pages Including This Page)

The information provided in this appendix specifies the paint properties and demonstrates their
suitability for use in spent nuclear fuel storage casks.

Thermaline 450 or equivalent is specified to coat the overpack to the maximum extent practical and
the inner cavity of the HI-TRAC transfer cask. Carboline 890 or equivalent is specified to coat
external surfaces of the HI-TRAC transfer cask. The paints are suitable for the design temperatures
(see Table 2.2.3) and the environment.
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APPENDIX 1.D: Requirements on HI-STORM 100 Shielding Concrete

1.D.1 Introduction

The HI-STORM 100 overpack utilizes plain concrete for neutron and gamma shielding. Thus, the
primary function of the concrete placed in the overpack is to provide neutron and gamma
attenuation. Plain concrete used in the HI-STORM overpack provides only a compressive strength
structural function due to the fact that both the primary and secondary load bearing members of the
overpack are made of carbon steel. While most of the shielding concrete used in the HI-STORM 100
overpack is installed in the annulus between the concentric structural shells, smaller quantities of
concrete are also present in the pedestal shield and the overpack lid. Because plain concrete has little
ability to withstand tensile stresses, but is competent in withstanding compressive and bearing loads,
the design of the HI-STORM 100 overpack places no reliance on the tension-competence of the
shielding concrete.

During normal operations of the HI-STORM, the stresses in the concrete continuum are negligible,
arising solely from its self-weight. ACI 318-95 provides formulas for permissible compressive and
bearing stresses in plain concrete, which incorporate a penalty over the corresponding permissible
values in reinforced concrete. The formulas for permissible compressive and bearing stresses set
forth in ACI 318-95 are used in calculations supporting this FSAR in load cases involving
compression or bearing loads on the overpack concrete. However, since ACI 318-95 is intended for
commercial applications and the overpack concrete is designated as an ITS Category B material, it is
appropriate to invoke applicable provisions of ACI 349-85 (which is sanctioned by NUREG- 1536)
for all requirements except for the allowable stress formulas (which do not exist in ACI 349) and
load combinations to ensurethat all "critical characteristics" of the concrete, as defined herein, are
fully satisfied. During normal storage operations, the overpack concrete is completely enclosed by
the overpack steel structure, protecting it from the deleterious effects of direct exposure to the
environment, typical of most concrete structures governed by these ACI codes.

The "critical characteristics" of the plain concrete in the HI-STORM overpack are: (i) its density and
(ii) its compressive strength (at 28 days of curing). This appendix provides the complete set of
criteria applicable to the plain concrete in the HI-STORM 100 overpack.

1.D.2 Design Requirements

The primary function of the plain concrete is to provide neutron and gamma shielding. As plain
concrete is a competent structural member in compression, the plain concrete's effect on the
performance of the HI-STORM overpack under compression loadings is considered and modeled in
the structural analyses, as necessary. The formulas for permissible compressive and bearing stresses
set forth in ACI 318-95 are used. However, as plain concrete has very limited capabilities in tension,
no tensile strength is allotted to the concrete.
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The steel structure of the HI-STORM overpack provides the strength to meet all load combinations
specified in Chapters 2 and 3, due to the fact that both the primary and secondary load bearing
members (as defined in NF-1215 of the ASME Code, Section III) of the HI-STORM overpack are
made from carbon steel. Credit for the structural strength of the plain concrete is only taken to
enhance the compressive load carrying capability of the concrete in calculations appropriate to
handling and transfer operations, and to demonstrate that the HI-STORM 100 System continues to
provide functional performance in a post-accident environment. Therefore, the load combinations
provided in ACI 349 and NUREG- 1536, Table 3-1 are not applicable to the plain concrete in the HI-
STORM overpack.

The shielding performance of the plain concrete is maintained by ensuring that the minimum
concrete density is met during construction and the allowable concrete temperature limits are not
exceeded. The thermal analyses for normal and off-normal conditions demonstrate that the plain
concrete does not exceed the allowable long term temperature limit provided in Table 1 .D. 1. Under
accident conditions, the bulk of the plain concrete in the HI-STORM overpack does not exceed the
allowable short term temperature limit provided in Table 1.D.I. Any portion of the plain concrete,
which exceeds the short-term temperature limit under accident conditions is neglected in the post-
accident shielding analysis and in any post-accident structural analysis.

I .D.2. 1 Test Results to Support Normal Condition Temperature Limit

Note 3 to Table 1 .D. 1 references Paragraph A.4.3 of ACI-349, which requires that normal condition
temperatures in excess of 150'F bulk and 2007F local must be supported by test data to demonstrate
that strength reductions are acceptable and that concrete deterioration does not occur. Such data are
described and discussed in this subsection.

With respect to concrete compressive strength at bulk temperatures up to 3007F, test studies for
elevated temperatures were performed by Carette and Malhorta [ 1.D. I] that examined conditions
very similar to those of the HI-STORM concrete. Their tests were performed on 4" diameter by 8"
long test cylinders. The test condition most closely matching the HI-STORM c*oncrete was: 0.6
water-to-cement ratio, limestone aggregate and 3007F for four months. While the HI-STORM
storage period is much greater than 4 months, the investigators state "any major strength loss is
found to occur within the first month of exposure." The four-month compressive strength for these
conditions was actually determined to be greater than the nominal concrete strengths despite the
elevated temperatures. This is attributable to the increase in compressive strength that accompanies
concrete aging, which more than offsets the temperature effects.

With respect to concrete shielding performance at local temperatures above 300'F, a report by
Schneider and Horvath [I.D.2] examined weight loss of concrete at elevated temperatures. Tests
were performed on 12mm diameter by 40 mm long test cylinders in an apparatus called a
thermobalance. A variety of aggregates (i.e., quartz, limestone and basalt) were tested. The test
results indicate a worst-case weight loss of 0.424% from 3007F to 365°F for quartz aggregates. This
maximum level of weight loss would reduce the concrete density from 2.35 gm/cc to 2.34 gm/cc. If
the entire weight loss is attributed to water loss, the corresponding limiting reduction in hydrogen
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content is from 0.6% to 0.555%. As discussed in Section 5.3.2, such reductions are negligible with
respect to shielding performance.

1.D.3 Material Requirements

Table 1.D. 1 provides the material limitations and requirements applicable to the overpack plain
concrete. These requirements, drawn from ACI 349-85 and supplemented by the provisions of
NUREG 1536 (page 3-21), are intended to ensure that the "critical characteristics" of the concrete
placed in the HI-STORM overpack comply with the requirements of this Appendix and standard
good practice. Two different minimum concrete densities are specified for the overpack concrete,
based on the presence or absence of the steel shield shell. The steel shield shell was deleted from the
overpack design after the construction of overpack serial number 1024-7.

ACI 349 was developed to govern the design and construction of steel reinforced concrete structures
for the entire array of nuclear power plant applications, except for concrete reactor vessels and
containment structures. Therefore, ACI 349 contains many requirements not germane to the plain
concrete installed in and completely enclosed by the steel HI-STORM overpack structure. For
example, the overpack concrete is not exposed to the environment, so provisions in the standard for
protecting concrete from the environment would not be applicable to the concrete contained in the
overpack.

In accordance with the requirement in Section 3.3 of Appendix B of the HI-STORM 100 CoC,
Section 1.D.4, Table 1.D.1 and Table I.D.2 were developed using the guidance of ACI 349-85, to
the extent it needs to be applied to the unique application of placing unreinforced concrete inside the
steel enclosure of the HI-STORM overpack. Other concrete standards were used, as appropriate, to
provide the controls necessary to assure that the critical characteristics of the overpack concrete will
be achieved and that the concrete will perform its design function.

I.D.4 Construction Requirements

The HI-STORM 100 overpack is composed of a steel structure that houses plain concrete. The steel
structure acts as the framework for the pouring of the concrete. The steel structure defines the
dimensions of the concrete, which ensures that the required thickness of concrete is provided. The
fabrication sequence for the HI-STORM 100 overpack as it pertains to the concrete is provided
below.

The steel structure of the HI-STORM 100 overpack body is assembled at a qualified steel fabrication
facility. The design of the steel weldment incorporates access to the annulus formed by the overpack
inner and outer shells as well as the MPC pedestal to allow placement of concrete. The steel
structure of the overpack body is transported to the reactor site or a nearby concrete placement
facility.

Once the steel structure of the body is received, the body will be inspected to ensure the steel
structure meets the requirements of Sections 5.1 and 6.1 of ACI 349. The concrete shall be mixed,
conveyed, and deposited in accordance with the guidance in Table I.D. 1. Sufficient rigidity in the
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steel structure overpack body is provided such that all the concrete may be placed in a single pour
into each of the four segments formed by the inner shell, outer shell, and radial plates. If more than
one pour is performed, the requirements of Section 6.4 of ACI 349 must be met for construction
joints.

Mixing and placing of the concrete shall follow the guidance of ACI 349-85, Sections 5.6 and 5.7
for cold and hot weather conditions, respectively. Consolidation of the plain concrete shall be
performed in accordance with portions of ACI 309-87, as delineated in Table 1.D. 1. As no
reinforcement is placed in the concrete, the possibility of voids is greatly diminished. Curing of the
concrete shall be in accordance with Section 5.5 of ACI 349. Water curing or accelerated curing
using sealing materials methods may be used as described in ACI 308-92, Standard Practice for
Curing Concrete. This would include the use of either a plastic film or a curing compound.

Non-shrink grout shall be applied as necessary to account for any major deviations in concrete
elevation. To fabricate the overpack lid an identical process is followed.

Table 1 .D. 1 provides the construction limitations and requirements applicable to the overpack plain
concrete. These requirements are drawn from ACI 349-85.

I.D.5 Testing Requirements

Table 1.D.2 provides the testing requirements applicable to the overpack plain concrete. These
requirements are derived from ACI 349-85 and are implemented as appropriate, to ensure that the
critical characteristics of the plain concrete placed in the HI-STORM overpack are consistent with
the safety analyses documented in the FSAR.

1.D.6 References

[1 .D. 1] Carette and Malhorta, "Performance of Dolostone and Limestone Concretes at Sustained
High Temperatures," Temperature Effects on Concrete, ASTM STP 858.

[l.D.2] Schneider and Horvath, "Behaviour of Ordinary Concrete at High Temperature,"
Vienna Technical University - Institute for Building Materials and Fire Protection,
Research Report Volume 9.
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Table I.D. I
Requirements for Plain Concrete

ITEM APPLICABLE LIMIT OR REFERENCE
Density in overpack body (Minimum) 146 lb/ft3 (HI-STORM 100 up to Serial Number
(see Table 3.2.1 for information on maximum (S/N) 7), 155 lb/ft3 (S/N 8 and higher)
concrete density)
Density in lid and pedestal (Minimum) 146 lb/ft3 (HI-STORM 100S Version B does not
(See Table 3.2.1 for information on maximum have a concrete-filled pedestal)
concrete density)
Specified Compressive Strength 3,300 psi (min.)
Compressive and Bearing Stress Limit Per ACI 318-95
Cement Type and Mill Test Report Type I1; Section 3.2 (ASTM C 150 or ASTM C595)
Aggregate Type Section 3.3.1, 3.3.2, and 3.3.3 (including ASTM

C33 (Note 2)
Nominal Maximum Aggregate Size 1-1/2 (inch)
Water Quality Per Section 3.4
Material Testing Per Section 3.1.1 and 3.1.3 (Note 4)
Admixtures Per Section 3.6.1, 3.6.2, 3.6.5, and 3.6.6
Maximum Water to Cement Ratio 0.5 (Table 4.5.2)
Maximum Water Soluble Chloride Ion Cl in 1.00 percent by weight of cement (Table 4.5.4) (See
Concrete Table 1.D.2, Note 1)
Concrete Quality Per Sections 4.1, 4.2, and 4.6 of ACI 349 (Note 5)
Mixing and Placing Per Chapter 5 of ACI 349 (Note 6)
Consolidation Per Sections 5.1, 5.2, and 7.1 of ACI 309-87
Quality Assurance Per Holtec Quality Assurance Manual, 10 CFR Part

72, Appendix G commitments
Through-Thickness Section Average t Temperature 300TF (See Note 3)
Limit Under Long Term Conditions
Through-Thickness Section Average t Temperature 350'F (Appendix A, Paragraph A.4.2)
Limit Under Short Term Conditions

Aggregate Maximum Valuett of Coefficient of 6E-06 inch/inch/°F
Thermal Expansion (tangent in the range of 70'F (NUREG-1536, 3.V.2.b.i.(2)(c)2.b)
to 100IF)

The through-thickness section average is the same quantity as that defined in Paragraph A.4.3 of Appendix A to
AC! 349 as the mean temperature distribution. A formula for determining this value, consistent with the inner
and outer surface averaging used in this FSAR, is presented in Figure A-I of the commentary on ACI 349. Use
of this quantity as an acceptance criterion is, therefore, in accordance with the governing AC! code.

The following aggregate types are a priori acceptable: limestone, marble, basalt, granite, gabbro, or rhyolite. The

thermal expansion coefficient limit does not apply when these aggregates are used. Careful consideration shall
be given to the potential of long-term degradation of concrete due to chemical reactions between the aggregate
and cement selected for HI-STORM overpack concrete.
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Table 1.D. 1 (continued)
Requirements for Plain Concrete

Notes:

1. All section and table references are to ACI 349-85.

2. The coarse aggregate shall meet the requirements of ASTM C33 for class designation IS from
Table 3. However, if the requirements of ASTM C33 cannot be met, concrete aggregates that
have been shown by special tests or actual service to produce concrete of adequate strength,
unit weight, and durability meeting the requirements of Tables 1 .D. I and I .D.2 are acceptable
in accordance with ACI 349 Section 3.3.2. The high-density coarse aggregate percentage of
Material Finer Than No. 200 Sieve may be increased to 10 % if the material is essentially free
of clay or shale.

3. The 3007F long term temperature limit is specified in accordance with Paragraph A.4.3 of
Appendix A to ACI 349 for normal conditions considering the very low maximum stresses
calculated and discussed in Section 3.4 of this FSAR for normal conditions. In accordance with
this paragraph of the governing code, the specified concrete compressive strength is supported
by test data and the concrete is shown not to deteriorate, as evidenced by a lack of reduction in
concrete density or durability.

4. Tests of materials and concrete shall be made in accordance with standards of the American
Society for Testing and Materials (ASTM) as specified here, to ensure that the critical
characteristics for the HI-STORM concrete are achieved. ASTM Standards to be used include:
C 31-96, C 33-82, C 39-96, C 88-76, C 131-81, C 138-92, C 143-98, C 150-97, C 172-90, C
192-95, C 494-92, C 637-73. More recent approved editions of the referenced standards may
be used.

5. Sections 4.3 and 4.4 of ACI 349 may be used for guidance in proportioning concrete trial
mixes. Deviations from these sections may be taken provided an acceptable concrete mix design
meeting the critical characteristics as specified in this appendix are achieved. Samples taken
for strength tests from a concrete pump truck may be obtained from a single representative
sample taken from the approximate middle of the concrete truck during discharge.

6. Water and admixtures may be added at the job site to bring both the slump and wet unit weight
of the concrete within the mix design limits. Water or admixtures shall not be added to the
concrete after placement activities have started. The tolerance for individual and combined
aggregate weights in the concrete batch may be outside of tolerances specified in ASTM C94,
provided that the wet unit weight of the concrete is tested prior to placement and confirmed to
be within the approved range.
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Table l.D.2: Testing Requirements for Plain Concrete

TEST SPECIFICATION

Compression Test ASTM C31, ASTM C39, ASTM C192

Unit Weight (Density) ASTM C138

Maximum Water Soluble Federal Highway Administration Report FHWA-RD-77-85,
Chloride Ion "Sampling and Testing for Chloride Ion in Concrete" (Note 1)
Concentration

Notes:

1. If the concrete or concrete aggregates are suspected of containing excessive amounts of
chlorides, they will be tested to ensure that their contribution will not cause the water-
soluble chloride concentration to exceed the required maximum. Factors to be considered
will consist of the source of the aggregates (proximity to a salt water source, brackish area,
etc.) and service history of the concrete made from aggregates originating from the same
source. No specific tests are required unless the aggregates or water source are suspected of
containing an excessive concentration of chloride ions.
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CHAPTER 2 ': PRINCIPAL DESIGN CRITERIA

This chapter contains a compilation of design criteria applicable to the HI-STORM 100 System. The
loadings and conditions prescribed herein for the MPC, particularly those pertaining to mechanical
accidents, are far more severe in most cases than those required for I OCFR72 compliance. The MPC
is designed to be in compliance with both 1OCFR72 and 1OCFR71 and therefore certain design
criteria are overly conservative for storage. This chapter sets forth the loading conditions and
relevant acceptance criteria; it does not provide results of any analyses. The analyses and results
carried out to demonstrate compliance with the design criteria are presented in the subsequent
chapters of this report.

This chapter is in full compliance with NUREG-1536, except for the exceptions and clarifications
provided in Table 1.0.3. Table 1.0.3 provides the NUREG-1536 review guidance, the justification
for the exception or clarification, and the Holtec approach to meet the intent of the NUREG-1536
guidance.

2.0 PRINCIPAL DESIGN CRITERIA

The design criteria for the MPC, HI-STORM overpack, and HI-TRAC transfer cask are summarized
in Tables 2.0.1, 2.0.2, and 2.0.3, respectively, and described in the sections that follow.

2.0.1 MPC Design Criteria

General

The MPC is designed for 40 years of service, while satisfying the requirements of 1OCFR72. The
adequacy of the MPC design for the design life is discussed in Section 3.4.12.

Structural

The MPC is classified as important to safety. The MPC structural components include the internal
fuel basket and the enclosure vessel. The fuel basket is designed and fabricated as a core support
structure, in accordance with the applicable requirements of Section II, Subsection NG of the
ASME Code, with certain NRC-approved alternatives, as discussed in Section 2.2.4. The enclosure
vessel is designed and fabricated as a Class I component pressure vessel in accordance with Section
III, Subsection NB of the ASME Code, with certain NRC-approved alternatives, as discussed in
Section 2.2.4. The principal exception is the MPC lid, vent and drain port cover plates, and closure
ring welds to the MPC lid and shell, as discussed in Section 2.2.4. In addition, the threaded holes in

t This chapter has been prepared in the format and section organization set forth in Regulatory
Guide 3.61. However, the material content of this chapter also fulfills the requirements of
NUREG-1536. Pagination and numbering of sections, figures, and tables are consistent with the
convention set down in Chapter 1, Section 1.0, herein. Finally, all terms-of-art used in this chapter
are consistent with the terminology of the glossary (Table 1.0.1) and component nomenclature of
the Bill-of-Materials (Section 1.5):
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the MPC lid are designed in accordance with the requirements of ANSI N14.6 for critical lifts to
facilitate vertical MPC transfer.

The MPC closure welds are partial penetration welds that are structurally qualified by analysis, as
presented in Chapter 3. The MPC lid and closure ring welds are inspected by performing a liquid
penetrant examination of the root pass and/or final weld surface (if more than one weld pass was
required), in accordance with the drawings contained in Section 1.5. The integrity of the MPC lid
weld is further verified by performing a volumetric (or multi-layer liquid penetrant) examination,
and a Code pressure test.

The structural analysis of the MPC, in conjunction with the redundant closures and nondestructive
examination, pressure testing, and helium leak testing, (performed on the vent and drain port cover
plates), provides assurance of canister closure integrity in lieu of the specific weld joint requirements
of Section III, Subsection NB.

Compliance with the ASME Code as it is applied to the design and fabrication of the MPC and the
associated justification are discussed in Section 2.2.4. The MPC is designed for all design basis
normal, off-normal, and postulated accident conditions, as defined in Section 2.2. These design
loadings include postulated drop accidents while in the cavity of the HI-STORM overpack or the HI-
TRAC transfer cask. The load combinations for which the MPC is designed are defined in Section
2.2.7. The maximum allowable weight and dimensions of a fuel assembly to be stored in the MPC
are limited in accordance with Section 2.1.5.

The structural analysis to evaluate thermargin against fuel rod damage from buckling under the drop
accident scenario remains unchanged considering ISG- 11, Revision 3 because no credit for the
tensile stresses in the fuel rods due to internal pressure is taken. Because recognition of the state of
tensile axial stress in the fuel cladding permitted by ISG- 11 Revision 3 increases the resistance
under axial buckling, neglecting the internal pressure buckling analysis is conservative. Therefore,
compliance with ISG- 11 Revision 3 does not have material effect on the structural analyses
summarized in Chapter 3 of this FSAR.

Thermal

The design and operation of the HI-STORM 100 System meets the intent of the review guidance
contained in ISG- 11, Revision 3 [2.0.8]. Specifically, the ISG- 11 provisions that are explicitly
invoked and satisfied are:

The thermal acceptance criteria for all commercial spent fuel (CSF) authorized by the
USNRC for operation in a commercial reactor are unified into one set of requirements.

ii. The maximum value of the calculated temperature for all CSF (including ZR and stainless
steel fuel cladding materials) under long-term normal conditions of storage must remain
below 400'C (7527F). For short-term operations, including canister drying, helium backfill,
and on-site cask transport operations, the fuel cladding temperature must not exceed 400'C
(752°F) for high burnup fuel and 570'C (1058°F) for moderate burnup fuel.
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iii. The maximum fuel cladding temperature as a result of an off-normal or accident event must
not exceed 570'C (1058°F).

iv. For High Burnup Fuel (HBF), operating restrictions are imposed to limit the maximum
temperature excursion during short-term operations to 65°C (117'F).

To achieve compliance with the above criteria, certain design and operational changes are necessary,
as summarized below.

1. The peak fuel cladding temperature limit (PCT) for long term storage operations and short
term operations is generally set at 400'C (752°F). However, for MPCs containing all
moderate burnup fuel, the fuel-cladding temperature limit for short-term operations is set at
570°C (1058°F) because fuel cladding stress is shown to be less than approximately 90 MPa
per Reference [2.0.9]. Appropriate analyses have been performed as discussedin Chapter 4
and operating restrictions added to ensure these limits are met (see Section 4.5).

ii. For MPCs containing at least one high burnup fuel (HBF) assembly, the forced helium
dehydration (FHD) method of MPC cavity drying must be used to meet the normal
operations PCT limit and satisfy the 65°C temperature excursion criterion for HBF.

iii. The off-normal and accident condition PCT limit remains unchanged (1058°F).

iv. For high burnup fuel, the Supplemental Cooling System (SCS) is required to ensure fuel
cladding temperatures remain below the applicable temperature limit (see Section 4.5). The
design criteria for the SCS are provided in Appendix 2.C.

The MPC cavity is dried using either a vacuum drying system, or a forced helium dehydration
system (see Appendix 2.B). The MPC is backfilled with 99.995% pure helium in accordance with
the limits in Table 1.2.2 during canister sealing operations to promote heat transfer and prevent
cladding degradation.

The design temperatures for the structural steel components of the MPC are based on the
temperature limits provided in ASME Section II, Part D, tables referenced in ASME Section III,
Subsection NB and NG, for those load conditions under which material properties are relied on for a
structural load combination. The specific design temperatures for the components of the MPC are
provided in Table 2.2.3.

The MPCs are designed for a bounding thermal source term, as described in Section 2.1.6. The
maximum allowable fuel assembly heat load for each MPC is limited as specified in Section 2.1.9.

Each MPC model, except MPC-68F, allows for two fuel loading strategies. The first is uniform
fuel loading, wherein any authorized fuel assembly may be stored in any fuel storage location,
subject to other restrictions, such as location requirements for damaged fuel containers (DFCs)
and fuel with integral non-fuel hardware (e.g., control rod assemblies). The second is
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regionalized fuel loading, wherein the basket is segregated into two regions. Region I is the
inner region where fuel assemblies with higher heat emission rates may be stored and Region 2 is
the outer region where fuel assemblies with lower heat emission rates are stored. Regionalized
loading allows for storage of fuel assemblies with higher heat emission rates (in Region 1) than
would otherwise be authorized for loading under a uniform loading strategy. Regionalized
loading strategies must also comply with other requirements, such as those for DFCs and non-
fuel hardware. Specific fuel assembly cooling time, burnup, and decay heat limits for
regionalized loading are presented in Section 2.1.9. The two fuel loading regions are defined by
fuel storage location number in Table 2.1.13 (refer to Figures 1.2.2 through 1.2.4). For MPC-
68F, only uniform loading is permitted.

Shielding

The allowable doses for an ISFSI using the HI-STORM 100 System are delineated in
I OCFR72.104 and 72.106. Compliance with these regulations for any particular array of casks at
an ISFSI is necessarily site-specific and is to be demonstrated by the licensee, as discussed in
Chapters 5 and 12. Compliance with these regulations for a single cask and several
representative cask arrays is demonstrated in Chapters 5 and 10.

The MPC provides axial shielding at the top and bottom ends to maintain occupational exposures
ALARA during canister closure and handling operations. The occupational doses are controlled
in accordance with plant-specific procedures and ALARA requirements (discussed in Chapter
10).

The MPCs are designed for design basis fuel as described in Sections 2.1.7 and 5.2. The
radiological source term for the MPCs is limited based on the burnup and cooling times specified
in Section 2.1.9. Calculated dose rates for each MPC are provided in Section 5.1. These dose
rates are used to perform an occupational exposure evaluation, as discussed in Chapter 10.

Criticality

The MPCs provide criticality control for all design basis normal, off-normal, and postulated accident
conditions, as discussed in Section 6.1. The effective neutron multiplication factor is limited to kefr<
0.95 for fresh unirradiated fuel with optimum water moderation and close reflection, including all
biases, uncertainties, and MPC manufacturing tolerances.

Criticality control is maintained by the geometric spacing of the fuel assemblies, fixed borated
neutron absorbing materials incorporated into the fuel basket assembly, and, for certain MPC
models, soluble boron in the MPC water. The minimum specified boron concentration verified
during neutron absorber manufacture is further reduced by 25% for criticality analysis for Boral-
equipped MPCs and by 10% for METAMIC®-equipped MPCs. No credit is taken for burnup. The
maximum allowable initial enrichment for fuel assemblies to be stored in each MPC is limited.
Enrichment limits and soluble boron concentration requirements are delineated in Section 2.1.9
consistent with the criticality analysis described in Chapter 6.
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Confinement

The MPC provides for confinement of all radioactive materials for all design basis normal, off-
normal, and postulated accident conditions. As discussed in Section 7.1, the Holtec MPC design
meets the guidance in Interim Staff Guidance 18 to classify confinement boundary leakage as non-
credible. Therefore, no confinement dose analysis is performed. The confinement function of the
MPC is verified through pressure testing and helium leak testing on the vent and drain port cover
plates and weld examinations performed in accordance with the acceptance test program in Chapter
9.

Operations

There are no radioactive effluents that result from storage or transfer operations. Effluents generated
during MPC loading are handled by the plant's radwaste system and procedures.

Generic operating procedures for the HI-STORM 100 System are provided in Chapter 8. Detailed
operating procedures will be developed by the licensee based on Chapter 8, site-specific
requirements that comply with the 1OCFR50 Technical Specifications for the plant, and the HI-
STORM 100 System CoC.

Acceptance Tests and Maintenance

The fabrication acceptance basis and maintenance program to be applied to the MPCs are described
in Chapter 9. The operational controls and limits to be applied to the MPCs are discussed in Chapter
12. Application of these requirements will assure that the MPC is fabricated, operated, and
maintained in a manner that satisfies the design criteria defined in this chapter.

Decommissioning

The MPCs are designed to be transportable in the HI-STAR overpack and are not required to be
unloaded prior to shipment off-site. Decommissioning of the HI-STORM 100 System is addressed in
Section 2.4.

2.0.2 HI-STORM Overpack Design Criteria

General

The HI-STORM overpack is designed for 40 years of service, while satisfying the requirements of
IOCFR72. The adequacy of the overpack design for the design life is discussed in Section 3.4.11.

Structural

The HI-STORM overpack includes both concrete and structural steel components that are classified
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as important to safety.

The concrete material is defined as important to safety because of its importance to the shielding
analysis. The primary function of the HI-STORM overpack concrete is shielding of the gamma and
neutron radiation emitted by the spent nuclear fuel.

Unlike other concrete storage casks, the HI-STORM overpack concrete is enclosed in steel inner and
outer shells connected to each other by radial fibs, and top and bottom plates. Where typical concrete I
storage casks are reinforced by rebar, the HI-STORM overpack is supported by the inner and outer
shells connected by radial ribs. As the HI-STORM overpack concrete is not reinforced, the structural
analysis of the overpack only credits the compressive strength of the concrete. Providing further
conservatism, the structural analyses for normal conditions demonstrate that the allowable stress
limits of the structural steel are met even with no credit for the strength of the concrete. During
accident conditions (e.g., tornado missile, tip-over, end drop, and earthquake), only the compressive
strength of the concrete is accounted for in the analysis to provide an appropriate simulation of the
accident condition. Where applicable, the compressive strength of the concrete is calculated in
accordance with ACI-318-95 [2.0.1 ].

In recognition of the conservative assessment of the HI-STORM overpack concrete strength and the
primary function of the concrete being shielding, the applicable requirements of ACI-349 [2.0.2] are
invoked in the design and construction of the HI-STORM overpack concrete as clarified in
Appendix 1.D.

Steel components of the storage overpack are designed and fabricated in accordance with the
requirements of ASME Code, Section III, Subsection NF for Class 3 plate and shell components
with certain NRC-approved alternatives.

The overpack is designed for all normal, off-normal, and design basis accident condition loadings, as
defined in Section 2.2. At a minimum, the overpack must protect the MPC from deformation,
provide continued adequate performance,. and allow the retrieval of the MPC under all conditions.
These design loadings include a postulated drop accident from the maximum allowable handling
height, consistent with the analysis described in Section 3.4.10. The load combinations for which [
the overpack is designed are defined in Section 2.2.7. The physical characteristics of the MPCs for
which the overpack is designed are defined in Chapter 1.

Thermal

The allowable long-term through-thickness section average temperature limit for the overpack
concrete is established in accordance with Paragraph A.4.3 of Appendix A to ACI 349, which allows
the use of elevated temperature limits if test data supporting the compressive strength is available
and an evaluation to show no concrete deterioration provided. Appendix I.D specifies the cement
and aggregate requirements to allow the utilization of the 300°F temperature limit. For short term
conditions the through-thickness section average concrete temperature limit of 350°F is specified in
accordance with Paragraph A.4.2 of Appendix A to ACI 349. The allowable temperatures for the
structural steel components are based on the maximum temperature for which material properties
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and allowable stresses are provided in Section II of the ASME Code. The specific allowable
temperatures for the structural steel components of the overpack are provided in Table 2.2.3.

The overpack is designed for extreme cold conditions, as discussed in Section 2.2.2.2. The structural
steel materials used for the storage cask that are susceptible to brittle fracture are discussed in
Section 3.1.2.3.

The overpack is designed for the maximum allowable heat load for steady-state normal conditions,
in accordance with Section 2.1.6. The thermal characteristics of the MPCs for which the overpack is
designed are defined in Chapter 4.

Shielding

The off-site dose for normal operating conditions at the controlled area boundary is limited by
1OCFR72.104(a) to a maximum of 25 mrem/year whole body, 75 mrem/year thyroid, and 25
mrem/year for other critical organs, including contributions from all nuclear fuel cycle operations.
Since these limits are dependent on plant operations as well as site-specific conditions (e.g., the
ISFSI design and proximity to the controlled area boundary, and the number and arrangement of
loaded storage casks on the ISFSI pad), the determination and comparison of ISFSI doses to this
limit are necessarily site-specific. Dose rates for a single cask and a range of typical ISFSIs using the
HI-STORM 100 System are provided in Chapter 5. The determination of site-specific ISFSI dose
rates at the site boundary and demonstration of compliance with regulatory limits is to be performed
by the licensee in accordance with IOCFR72.212.

The overpack is designed to limit the calculated surface dose rates on the cask for all MPCs as
defined in Section 2.3.5. The overpack is also designed to maintain occupational exposures ALARA
during MPC transfer operations, in accordance with 1 OCFR20. The calculated overpack dose rates
are determined in Section 5.1. These dose rates are used to perform a generic occupational exposure
estimate for MPC transfer operations and a dose assessment for a typical ISFSI, as described in
Chapter 10.

Confinement

The overpack does not perform any confinement function. Confinement during storage is provided
by the MPC and is addressed in Chapter 7. The overpack provides physical protection and biological
shielding for the MPC confinement boundary during MPC dry storage operations.

Operations

There are no radioactive effluents that result from MPC transfer or storage operations using the
overpack. Effluents generated during MPC loading and closure operations are handled by the plant's
radwaste system and procedures under the licensee's 1OCFR50 license.

Generic operating procedures for the HI-STORM 100 System are provided in Chapter 8. The
licensee is required to develop detailed operating procedures based on Chapter 8, site-specific
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conditions and requirements that also comply with the applicable I0CFR50 technical specification
requirements for the site, and the HI-STORM 100 System CoC.

Acceptance Tests and Maintenance

The fabrication acceptance basis and maintenance program to be applied to the overpack are
described in Chapter 9. The operational controls and limits to be applied to the overpack are
contained in Chapter 12. Application of these requirements will assure that the overpack is
fabricated, operated, and maintained in a manner that satisfies the design criteria defined in this
chapter.

Decommissioning

Decommissioning considerations for the HI-STORM 100 System, including the overpack, are
addressed in Section 2.4.

2.0.3 HI-TRAC Transfer Cask Design Criteria

General

The HI-TRAC transfer cask is designed for 40 years of service, while satisfying the requirements of
1OCFR72. The adequacy of the HI-TRAC design for the design life is discussed in Section 3.4.11.

Structural

The HI-TRAC transfer cask includes both structural and non-structural biological shielding
components that are classified as important to safety. The structural steel components of the HI-
TRAC, with the exception of the lifting trunnions, are designed and fabricated in accordance with
the applicable requirements of Section III, Subsection NF, of the ASME Code with certain NRC-
approved alternatives, as discussed in Section 2.2.4. The lifting trunnions and associated attachments
are designed in accordance with the requirements of NUREG-0612 and ANSI N14.6 for non-
redundant lifting devices.

The HI-TRAC transfer cask is designed for all normal, off-normal, and design basis accident
condition loadings, as defined in Section 2.2. At a minimum, the HI-TRAC transfer cask must
protect the MPC from deformation, provide continued adequate performance, and allow the retrieval
of the MPC under all conditions. These design loadings include a side drop from the maximum
allowable handling height, consistent with the technical specifications. The load combinations for
which the HI-TRAC is designed are defined in Section 2.2.7. The physical characteristics of each
MPC for which the HI-TRAC is designed are defined in Chapter 1.

Thermal

The allowable temperatures for the HI-TRAC transfer cask structural steel components are based on
the maximum temperature for material properties and allowable stress values provided in Section II
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of the ASME Code. The top lid of the HI-TRAC 125 and HI-TRAC 125D incorporate Holtite-A
shielding material. This material has a maximum allowable temperature in accordance with the
manufacturer's test data. The specific allowable temperatures for the structural steel and shielding
components of the HI-TRAC are provided in Table 2.2.3. The HI-TRAC is designed for off-normal
environmental cold conditions; as discussed in Section 2.2.2.2. The structural steel materials
susceptible to brittle fracture are discussed in Section 3.1.2.3.

The HI-TRAC is designed for the maximum heat load analyzed for storage operations. When the
MPC contains any high burnup fuel assemblies, the Supplemental Cooling System (SCS) will be
required for certain time periods while the MPC is inside the HI-TRAC transfer cask (see Section
4.5). The design criteria for the SCS are provided in Appendix 2.C. The HI-TRAC water jacket
maximum allowable temperature is a function of the internal pressure. To preclude over
pressurization of the water jacket due to boiling of the neutron shield liquid (water), the maximum
temperature of the water is limited to less than the saturation temperature at the shell design
pressure. In addition, the water is precluded from freezing during off-normal cold conditions by
limiting the minimum allowable temperature and adding ethylene glycol. The thermal
characteristics of the fuel for each MPC for which the transfer cask is designed are defined in
Section 2.1.6. The working area ambient temperature limit for loading operations is limited in
accordance with the design criteria established for the transfer cask.

Shielding

The HI-TRAC transfer cask provides shielding to maintain occupational exposures ALARA in
accordance with I0CFR20, while also maintaining the maximum load on the plant's crane hook to
below either 125 tons or 100 tons, or less, depending on whether the 125-ton or 100-ton HI-TRAC
transfer cask is utilized. The HI-TRAC calculated dose rates are reported in Section 5.1. These dose
rates are used to perform a generic occupational exposure estimate for MPC loading, closure, and
transfer operations, as described in Chapter 10. A postulated HI-TRAC accident condition, which
includes the loss of the liquid neutron shield (water), is also evaluated in Section 5.1.2. In addition,

HI-TRAC dose rates are controlled in accordance with plant-specific procedures and ALARA
requirements (discussed in Chapter 10).

The HI-TRAC 125 and 1 25D provide better shielding than the HI-TRAC 100 or 1 OD. Provided the
licensee is capable of utilizing the 125-ton HI-TRAC, ALARA considerations would normally
dictate that the 125-ton HI-TRAC should be used. However, sites may not be capable of utilizing the
125-ton HI-TRAC due to crane capacity limitations, floor loading limits, or other site-specific
considerations. As with other dose reduction-based plant activities, individual users who cannot
accommodate the 125-ton HI-TRAC should perform a cost-benefit analysis of the actions (e.g.,
modifications), which would be necessary to use the 125-ton HI-TRAC. The cost of the action(s)
would be weighed against the value of the projected reduction in radiation exposure and a decision
made based on each plant's particular ALARA implementation philosophy.

The HI-TRAC provides a means to isolate the annular area between the MPC outer surface and the
HI-TRAC inner surface to minimize the potential for surface contamination of the MPC by spent
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fuel pool water during wet loading operations. The HI-TRAC surfaces expected to require
decontamination are coated. The maximum permissible surface contamination for the HI-TRAC is in
accordance with plant-specific procedures and ALARA requirements (discussed in Chapter 10).

Confinement

The HI-TRAC transfer cask does not perform any confinement function. Confinement during MPC
transfer operations is provided by the MPC, and is addressed in Chapter 7. The HI-TRAC provides
physical protection and biological shielding for the MPC confinement boundary during MPC closure
and transfer operations.

Operations

There are no radioactive effluents that result from MPC transfer operations using HI-TRAC.
Effluents generated during MPC loading and closure operations are handled by the plant's radwaste
system and procedures.

Generic operating procedures for the HI-STORM 100 System are provided in Chapter 8. The
licensee will develop detailed operating procedures based on Chapter 8, plant-specific requirements
including the Part 50 Technical Specifications, and the HI-STORM 100 System CoC.

Acceptance Tests and Maintenance

The fabrication acceptance basis and maintenance program to be applied to the HI-TRAC Transfer
Cask are described in Chapter 9. The operational controls and limits to be applied to the HI-TRAC
are contained in Chapter 12. Application of these requirements will assure that the HI-TRAC is
fabricated, operated, and maintained in a manner that satisfies the design criteria defined in this
chapter.

Decommissioning

Decommissioning considerations for the HI-STORM 100 Systems, including the HI-TRAC Transfer
Cask, are addressed in Section 2.4.

2.0.4 Principal Design Criteria for the ISFSI Pad

2.0.4.1 Design and Construction Criteria

In compliance with 1OCFR72, Subpart F, "General Design Criteria", the HI-STORM 100 cask
system is classified as "important-to-safety" (ITS). This final safety analysis report (FSAR)
explicitly recognizes the HI-STORM 100 System as an assemblage of equipment containing
numerous ITS components. The reinforced concrete pad on which the cask is situated, however, is
designated as a non-ITS structure. This is principally because, in most cases, cask systems for
storing spent nuclear fuel on reinforced concrete pads are installed as free-standing structures. The
lack of a physical connection between the cask and the pad permits the latter to be designated as not

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
REPORT HI-2002444 2.0-10

HI-STORM 100 Rev. 5 - 6/21/07



important-to-safety.

However, if the ZPAs at the surface of an ISFSI pad exceed the threshold limit for free-standing HI-
STORM installation set forth in this FSAR, then the cask must be installed in an anchored
configuration (HI-STORM 1O0A).

In contrast to an ISFSI containing free-standing casks, a constrained-cask installation relies on the
structural capacity of the pad to ensure structural safety. The Part 72 regulations require
consideration of natural phenomenon in th e design. Since an ISFSI pad in an anchored cask
installation participates in maintaining the stability of the cask during "natural phenomena" on the
cask and pad, it is an ITS structure. The procedure suggested in Regulatory Guide 7.10 [2.0.4] and
the associated NUREG [2:0.5] indicates that an ISFSI pad used to secure anchored casks should be
classified as a Category C ITS structure.

Because tipover of a cask installed in an anchored configuration is not feasible, the pad does not
need to be engineered to accommodate this non-mechanistic event. However, the permissible carry
height for a loaded HI-STORM I OA overpack must be established for the specific ISFSI pad using
the methodology described in this FSAR, if the load handling device is not designed in accordance
with ANSI N 14.6 and does not have redundant drop protection design features. These requirements
are specified in the CoC. However, to serve as an effective and reliable anchor, the pad must be
made appropriately stiff and suitably secured to preclude pad uplift during a seismic event.

Because the geological conditions vary widely across the United States, it is not possible to, a'priori,
define the detailed design of the pad. Accordingly, in this FSAR, the limiting requirements on the
design and installation of the pad are provided. The user of the HI-STORM 100A System bears the
responsibility to ensure that all requirements on the pad set forth in this FSAR are fulfilled by the
pad design. Specifically, the ISFSI owner must ensure that:

" The pad design complies with the structural provisions of this report. In particular, the
requirements of ACI-349-97 [2.0.2] with respect to embedments must be assured.

" The material of construction of the pad (viz., the additives used in the pad concrete), and the
attachment system are compatible with the ambient environment at the ISFSI site.

* The pad is designed and constructed in accordance with a Part 72, Subpart G-compliant QA
program.

" The design and manufacturing of the cask attachment system are consistent with the
provisions of this report.

* Evaluations are performed (e.g., per 72.212) to demonstrate that the seismic and other
inertial loadings at the site are enveloped by the respective bounding loadings defined in this
report.

A complete listing of design and construction requirements for an ISFSI pad on which an anchored
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HI-STORM IOOA will be deployed is provided in Appendix 2.A. A sample embedment design is
depicted in Figure 2.A. 1.

2.0.4.2 Applicable Codes

Factored load combinations for ISFSI pad design are provided in NUREG-1536 [2.1.5], which is
consistent with ACI-349-85. The factored loads applicable to the pad design consist of dead weight
of the cask, thermal gradient loads, impact loads arising from handling and accident events, external
missiles,.and bounding environmental phenomena (such as earthquakes, wind, tornado, and flood).
Codes ACI 360R-92, "Design of Slabs on Grade"; ACI 302.1 R, "Guide for Concrete Floor and Slab
Construction"; and ACI 224R-90, "Control of Cracking in Concrete Structures" should be used in
the design and construction of the concrete pad, as applicable. The embedment design for the HI-
STORM I O1A (and -1 OOSA) are the responsibility of the ISFSI owner and shall comply with
Appendix B to ACI-349-97 as described in Appendix 2.A. A later Code edition may be used
provided a written reconciliation is performed.

The factored load combinations presented in Table 3-1 of NUREG 1536 are reduced in the following
to a bounding set of load combinations that are applied to demonstrate adherence to its acceptance
criteria.

a. Definitions

D = dead load including the loading due to pre-stress in the anchor studs
L = live load
W= wind load
Wt= tornado load
T = thermal load
F = hydrological load
E = DBE seismic load
A = accident load
H = lateral soil pressure
Ta = accident thermal load
Uc= reinforced concrete available strength

Note that in the context of a complete ISFSI design, the DBE seismic load includes both the inertia
load on the pad due to its self mass plus the interface loads transmitted to the pad to resist the inertia
loads on the cask due to the loaded cask self mass. It is only these interface loads that are provided
herein for possible use in the ISFSI structural analyses. The inertia load associated with the seismic
excitation of the self mass of the slab needs to be considered in the ISFSI owner's assessment of
overall ISFSI system stability in the presence of large uplift, overturning, and sliding forces at the
base of the ISFSI pad. Such considerations are site specific and thus beyond the purview of this
document.
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b. Load Combinations for the Concrete Pad

The notation and acceptance criteria of NUREG- 1536 apply.

Normal Events

U, > 1.4D + 1.7L

U, > 1.4D + 1.7 (L+H)

Off-Normal Events

U, > 1.05D + 1.275 (L+H+T)
U, > 1.05D + 1.275 (L+H+T+W)

Accident-Level Events

U, > D+L+H+T+F U, > D+L+H+T+W,
U, > D+L+H+Ta Uc > D+L+H+T+A
U, > D+L+H+T+E

In all of the above load combinations, the loaded cask weight is considered as a live load L on the
pad. The structural analyses presented in Chapter 3 provide the interface loads contributing to "E",
"F" and "Wt", which, for high-seismic sites, are the most significant loadings. The above set of load
combinations can be reduced to a more limited set by recognizing that the thermal loads acting on
the ISFSI slab are small because of the low decay heat loads from the cask. In addition, standard
construction practices for slabs serve to ensure that extreme fluctuations in environmental
temperatures are accommodated without extraordinary design measures. Therefore, all thermal loads
are eliminated in the above combinations. Likewise, lateral soil pressure load "H" will also be
bounded by "F" (hydrological) and "E" (earthquake) loads. Accident loads "A", resulting from a
tipover, have no significance for an anchored cask. The following three load combinations are
therefore deemed sufficient for structural qualification of the ISFSI slab supporting an anchored cask
system.

Normal Events

Uc > 1.4D + 1.7 (L)

Off-Normal Events

U, > 1.05D + 1.275 (L+F)

Accident-Level Events

Uc > D+L+E (or WO)
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c. Load Combination for the Anchor Studs

The attachment bolts are considered to be governed by the ASME Code, Section III, Subsection NF
and Appendix F [2.0.7]. Therefore, applicable load combinations and allowable stress limits for the
attachment bolts are as follows:

Event Class and Load Governing ASME Code Section
Combination III Article for Stress Limits

Normal Events

D NF-3322.1, 3324.6
Off-Normal Events

D+F NF-3322.1, 3324.6 with all stress
limits increased by 1.33

Accident-Level Events

D+E and D+Wt Appendix F, Section F-1334, 1335

2.0.4.3 Limiting Design Parameters

Since the loaded HI-STORM overpack will be carried over the pad, the permissible lift height for the
cask must be determined site-specifically to ensure the integrity of the storage system in the event of
a handling accident (uncontrolled lowering of the load). To determine the acceptable lift height, it is
necessary to set down the limiting ISFSI design parameters. The limiting design parameters for an
anchored cask ISFSI pad and the anchor studs, as applicable, are tabulated in Table 2.0.4. The design
of steel embedments in reinforced concrete structures is governed by Appendix B of ACI-349-97.
Section B.5 in that appendix states that "anchorage design shall be controlled by the strength of
embedment steel...". Therefore, limits on the strength of embedment steel and on the anchor studs
must be set down not only for the purposes of quantifying structural margins for the design basis
load combinations, but also for the use of the ISFSI pad designer to establish the appropriate
embedment anchorage in the ISFSI pad. The anchored cask pad design parameters presented in
Table 2.0.4 allow for a much stiffer pad than the pad for free-standing HI-STORMs (Table 2.2.9).
This increased stiffness has the effect of reducing the allowable lift height. However, a lift height
for a loaded HI-STORM 100 cask (free-standing or anchored) is not required to be established if the
cask is being lifted with a lift device designed in accordance with ANSI N14.6 having redundant
drop protection design features.

In summary, the requirements for the ISFSI pad for free-standing and anchored HI-STORM
deployment are similar with a few differences. Table 2.0.5 summarizes their commonality and
differences in a succinct manner with the basis for the difference fully explained.
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2.0.4.4 Anchored Cask/ISFSI Interface

The contact surface between the baseplate of overpack and the top surface of the ISFSI pad defines
the structural interface between the HI-STORM overpack and the ISFSI pad. When HI-STORM is
deployed in an anchored configuration, the structural interface also includes the surface where the
nuts on the anchor studs bear upon the sector lugs on the overpack baseplate. The anchor studs and
their fastening arrangements into the ISFSI pad are outside of the structural boundary of the storage
cask. While the details of the ISFSI pad design for the anchored configuration, like that for the free-
standing geometry, must be custom engineered for each site, certain design and acceptance criteria
are specified herein (Appendix 2.A) to ensure that the design and construction of the pad fully
comports with the structural requirements of the HI-STORM System.
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Table 2.0.1
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Design Life:
Design 40 yrs. Table 1.2.2
License 20 yrs. 1OCFR72.42(a) and ..

1OCFR72.236(g)
Structural:

Design Codes:
Enclosure Vessel ASME Code, Section III, 1OCFR72.24(c)(4) Section 2.0.1

Subsection NB
Fuel Basket ASME Code, Section III, 1OCFR72.24(c)(4) Section 2.0.1

Subsection NG for core supports
(NG- 1121)

MPC Fuel Basket Supports ASME Code, Section III, 1OCFR72.24(c)(4) Section 2.0.1
(Angled Plates) Subsection NG for internal

structures (NG-I 122)
MPC Lifting Points ANSI N14.6/NUREG-0612 1OCFR72.24(c)(4) Section 1.2.1.4

Dead Weights t :
Max. Loaded Canister (dry) 90,000 lb. R.G. 3.61 Table 3.2.1

Empty Canister (dry) 42,000 lb. (MPC-24) R.G. 3.61 Table 3.2.1
45,000 lb. (MPC-24E/EF)

39,000 lb. (MPC-68/68F/68FF)
36,000 lb. (MPC-32)

Design Cavity Pressures:
Normal: 100 psig ANSIIANS 57.9 Section 2.2.1.3

Off-Normal: 110 psig ANSI/ANS 57.9 Section 2.2.2.1
Accident (Internal) 200 psig ANSI/ANS 57.9 Section 2.2.3.8
Accident (External) - 60 psig ANSI/ANS 57.9 Sections 2.2.3.6 and 2.2.3.10

1 Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the
presence of fuel spacers and non-fuel hardware.
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Response and Degradation Limits SNF assemblies confined in dry, 1OCFR72.122(h)(l) Section 2.0.1
inert environment

Thermal:
Maximum Design Temperatures:

Structural Materials:
Stainless Steel (Normal) 7250 F ASME Code Table 2.2.3

Section II, Part D
Stainless Steel (Accident) 9500 F ASME Code Table 2.2.3

Section II, Part D
Neutron Poison:

Neutron Absorber (normal) 8000 F See Table 4.3.1 and Section Table 2.2.3
1.2.1.3.1

Neutron Absorber (accident) 9500 F See Table 4.3.1 and Section Table 2.2.3
1.2.1.3.1

Canister Drying < 3 torr for > 30 minutes (VDS)

< 21VF exiting the
demoisturizer for > 30 NUREG-1536, ISG-3 1, Rev. Section 4.5, Appendix 2.B

minutes or a dew point of the

MPC exit gas < 22.90 F for
> 30 minutes(FHD)

Canister Backfill Gas Helium Section 4.4
Canister Backfill Varies (see Table 1.2.2) Thermal Analysis Section 4. 4
Fuel cladding temperature limit for 752 °F (400 °C) ISG-1 1, Rev. 3 Section 4.3
long term storage conditions
Fuel cladding temperature limit for 752 'F (400 'C), except certain
normal short-term operating MPCs containing all moderate
conditions (e.g., MPC drying and bumup fuel (MBF) may use ISG- 11, Rev. 3 Sections 4.3 and 4.5
onsite transport) 1058 0F (570 0C) for normal

I short-term operating conditions I
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Fuel cladding temperature limit for 10580 F (570 °C) ISG-11, Rev..3 Sections 2.0.1 and 4.3
Off-Normal and Accident Events
Insolation Protected by overpack or Section 4.3

HI-TRAC
Confinement:. 1OCFR72.128(a)(3) and

1OCFR72.236(d) and (e)
Closure Welds:

Shell Seams and Shell-to- Full Penetration Section 1.5 and Table 9.1.4
Baseplate
MPC Lid Multi-pass Partial Penetration 10CFR72.236(e) Section 1.5 and Table 9.1.4
MPC Closure Ring Partial Penetration

Port Covers Partial Penetration
NDE:

Shell Seams and Shell-to- 100% RT or UT Table 9.1.4
Baseplate
MPC Lid Root Pass and Final Surface Chapter 8 and

100% PT; Table 9.1.4
Volumetric Inspection or

100% Surface PT each 3/8" of
weld depth

Closure Ring Root Pass (if more than one pass Chapter 8 and
is required) and Final Surface Table 9.1.4

100% PT
Port Covers Root Pass (if more than one pass Chapter 8 and

is required) and Final Surface Table 9.1.4
100% PT

Leak Testing:
Welds Tested Port covers-to-MPC lid Section 9.1
Medium Helium ANSI N 14.5 Section 9.1
Max. Leak Rate Leaktight ANSI N 14.5 Section 9.1

Monitoring System None 1OCFR72.128(a)(1) Section 2.3.2.1
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Pressure Testing:
Minimum Test Pressure 125 psig (hydrostatic) Sections 8.1 and 9.1

120 psig (pneumatic)
Welds Tested MPC Lid-to-Shell, MPC Shell Sections 8.1 and 9.1

seams, MPC Shell-to-Baseplate
Medium Water or helium Section 8.1 and Chapter 9

Retrievability:
Normal and Off-normal: No Encroachment on Fuel 0OCFR72.122(f),(h)(1), & (1) Sections 3.4, 3.5, and 3.1.2
Post (design basis) Accident Assemblies or Exceeding

Fuel Assembly Deceleration
Limits

Criticality: 1OCFR72.124 &
10CFR72.236(c)

Method of Control Fixed Borated Section 2.3.4
Neutron Absorber, Geometry,

and Soluble Boron
Min. '0B Loading 0.0267/0.0223 g/cm2 (MPC-24) Sections 2.1.8 and 6.1
(Boral/METAMIC®) 0.0372/0.0310 g/cm 2 (MPC-68,

MPC-68FF, MPC-24E,MPC-
24EF, MPC-32 and MPC-32F)

0.01 g/cm 2 (MPC-68F)
Minimum Soluble Boron Varies (see Tables 2.1.14 Criticality Analysis Sections 2.1.9 and 6.1

and 2.1.16)
Max. kff 0.95 Sections 6.1 and 2.3.4
Min. Bumup 0.0 GWd/MTU (fresh fuel) Section 6.1

Radiation Protection/Shielding: 1OCFR72.126, &
10CFR72.128(a)(2)

MPC:
(normal/off-normal/accident)

MPC Closure ALARA IOCFR20 Sections 10.1, 10.2, & 10.3
MPC Transfer ALARA 1OCFR20 Sections 10.1, 10.2, & 10.3

HI-STORM FSAR
REPORT HI-2002444

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

2.0-19
Rev. 5

HI-STORM 100 Rev. 5 - 6/21/07



Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Exterior of Shielding:
(normal/off-nonnal/accident)

Transfer Mode Position See Table 2.0.3 IOCFR20 Section 5. 1.1
ISFSI Controlled Area Boundary See Table 2.0.2 1OCFR72.104 & Section 5.1.1 and Chapter 10.

1OCFR72.106
Design Bases: IOCFR72.236(a)

Spent Fuel Specification:
Assemblies/Canister Up to 24 (MPC-24, MPC-24E & Table 1.2.1 and Section 2.1.9

MPC-24EF)
Up to 32 (MPC-32 and MPC-32F)
Up to 68 (MPC-68, MPC-68F, &

MPC-68FF)

Type of Cladding ZR and Stainless Steel Section 2.1.9

Fuel Condition Intact, Damaged, and Debris Sections 2.1.2, 2.1.3, and
2.1.9

PWR Fuel Assemblies:
Type/Configuration Various Section 2.1.9

Max. Burup 68,200 MWD/MTU - Sections 2.1.9 and 6.2
Max. Enrichment Varies by fuel design - Table 2.1.3 and Section 2.1.9

Max. Decay Heat/ MPCt: 28.74 kW - Section 4.4

Minimum Cooling Time: 3 years (Intact ZR Clad Fuel) Section 2.19
8 years (Intact SS Clad Fuel)

Max. Fuel Assembly Weight: 1,680 lb. Section 2.1.9
(including non-fuel hardware and DFC,

as applicable)
Max. Fuel Assembly Length: 176.8 in. -_Section 2.1.9

t Section 2.1.9.1 describes the decay heat limits per assembly
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

(Unirradiated Nominal)
Max. Fuel Assembly Width 8.54 in. Section 2.1.9

(Unirradiated Nominal)
BWR Fuel Assemblies:

Type Various _ Sections 2.1.9 and 6.2
Max. Bumup 65,000 MWD/MTU _ Section 2.1.9
Max. Enrichment Varies by fuel design Section 2.1.9, Table 2.1.4

Max. Decay Heat/ MPCt. 28.19 kW Section 4.4

Minimum Cooling Time: 3 years (Intact ZR Clad Fuel) Section 2.1.9
8 years (Intact SS Clad Fuel)

Max. Fuel Assembly Weight:

w/channels and DFC, as 700 lb. Section 2.1.9
applicable

Max. Fuel Assembly Length 176.5in. Section 2.1.9
(Unirradiated Nominal)

Max. Fuel Assembly Width 5.85 in. Section 2.1.9
(Unirradiated Nominal)

Normal Design Event Conditions: 1 OCFR72.122(b)(1)
Ambient Temperatures See Tables 2.0.2 and 2.0.3 ANSI/ANS 57.9 Section 2.2.1.4
Handling: Section 2.2.1.2

Handling Loads 115% of Dead Weight CMAA #70 Section 2.2.1.2
Lifting Attachment Acceptance 1/10 Ultimate NUREG-0612 Section 3.4.3
Criteria 1/6 Yield ANSI N 14.6
Attachment/Component 1/3 Yield Regulatory Guide 3.61 Section 3.4.3
Interface Acceptance Criteria
Away from Attachment ASME Code ASME Code Section 3.4.3
Acceptance Criteria Level A

Wet/Dry Loading Wet or Dry Section 1.2.2.2

Section 2.1.9.1 describes the decay heat limits per assembly.
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Transfer Orientation Vertical Section 1.2.2.2
Storage Orientation Vertical Section 1.2.2.2
Fuel Rod Rupture Releases"

Source Term Release Fraction 1% NUREG-1536 Sections 2.2.1.3

Fill Gases 100% NUREG-1536 Sections 2.2.1.3
Fission Gases 30% NUREG-1536 Sections 2.2.1.3

Snow and Ice Protected by Overpack ASCE 7-88 Section 2.2.1.6

Off-Normal Design Event Conditions: -1OCFR72.122(b)(1)
Ambient Temperature See Tables 2.0.2 and 2.0.3 ANSI/ANS 57.9 Section 2.2.2.2
Leakage of One Seal N/A ISG-18 Sections 2.2.2.4 and 7.1
Partial Blockage of Overpack Air Inlets Two Air Inlets Blocked Section 2.2.2.5

Source Term Release Fraction:
Fuel Rod Failures 10% NUREG-1536 Sections 2.2.2.1

Fill Gases 100% NUREG-1536 Sections 2.2.2.1
Fission Gases 30% NUREG-1536 Sections 2.2.2.1

Design-Basis (Postulated) Accident Design Events and Conditions: 1OCFR72.24(d)(2) &
10CFR72.94

Tip Over See Table 2.0.2 Section 2.2.3.2
End Drop See Table 2.0.2 Section 2.2.3.1
Side Drop See Table 2.0.3 Section 2.2.3.1
Fire See Tables 2.0.2 and 2.0.3 1OCFR72.122(c) Section 2.2.3.3
Fuel Rod Rupture Releases:

Fuel Rod Failures (including 100% NUREG-1536 Sections 2.2.3.8
non-fuel hardware)
Fill'Gases 100% NUREG-1536 Sections 2.2.3.8
Fission Gases 30% NUREG-1536 Sections 2.2.3.8
Particulates & Volatiles See Table 7.3.1 Sections 2.2.3.9
Confinement Boundary Leakage None ISG-18 Sections 2.2.3.9 and 7.1
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Table 2.0.1 (continued)
MPC DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference

Explosive Overpressure 60 psig (external) 10CFR72.122(c) Section 2.2.3.10
Airflow Blockage:

Vent Blockage 100% of Overpack Air 10CFR72.128(a)(4)
Inlets Blocked Section 2.2.3.13

Partial Blockage of MPC Basket Vent Crud Depth ESEERCO Project Section 2.2.3.4
Holes (Table 2.2.8) EP91-29

Design Basis Natural Phenomenon Design Events and Conditions: 10CFR72.92 &
10CFR72.122(b)(2)

Flood Water Depth 125 ft. ANSI/ANS 57.9 Section 2.2.3.6
Seismic See Table 2.0.2 10CFR72.102(f) Section 2.2.3.7
Wind Protected by Overpack ASCE-7-88 Section 2.2.3.5
Tornado & Missiles Protected by Overpack RG 1.76 & NUREG-0800 Section 2.2.3.5
Burial Under Debris Maximum Decay Heat Load Section 2.2.3.12
Lightning See Table 2.0.2 NFPA 78 Section 2.2.3.11
Extreme Environmental See Table 2.0.2 Section 2.2.3.14
Temperature
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Table 2.0.2
HI-STORM OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Design Life:________________ _________ _____

Design 40 yrs. Section 2.0.2
License 20 yrs. 1OCFR72.42(a) &

Structural:_ 10CFR72.236(g)
Structural:

Design & Fabrication Codes:
Concrete

Design ACI 349 as clarified in IOCFR72.24(c)(4) Section 2.0.2 and
Appendix 1.D Appendix 1.D

Fabrication ACI 349 as clarified in 1OCFR72.24(c)(4) Section 2.0.2 and
Appendix 1.D Appendix 1.D

Compressive Strength ACI 318-95 as clarified in 1OCFR72.24(c)(4) Section 2.0.2 and
Appendix 1.D Appendix 1.D

Structural Steel
Design ASME Code Section III, 10CFR72.24(c)(4) Section 2.0.2

Subsection NF
Fabrication ASME Code Section III, 10CFR72.24(c)(4) Section 2.0.2

Subsection NF
Dead Weightst :

Max. Loaded MPC (Dry) 90,000 lb. (MPC- 32) R.G. 3.61 Table 3.2.1
Max. Empty Overpack 270,000/320,000 lb. R.G. 3.61 Table 3.2.1
Assembled with Top Lid

(150 pcf concrete/200pcf concrete)
Max. MPC/Overpack 360,000/410,000 lb. R.G. 3.61 Table 3.2.1

(150 pcf concrete/200pcf concrete) I
Design Cavity Pressures N/A Section 2.2.1.3

t Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the

presence of fuel spacers and non-fuel hardware, as applicable.
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Response and Degradation Limits Protect MPC from deformation 1OCFR72.122(b) Sections 2.0.2 and 3.1

10CFR72.122(c)
Continued adequate performance 10CFR72.122(b)
of overpack 1 OCFR72.122(c)

Retrieval of MPC 1OCFR72.122(l)
Thermal:

Maximum Design Temperatures:
Concrete

Through-Thickness Section 3000 F ACI 349, Appendix A Section 2.0.2, and Tables
Average (Normal) (Paragraph A.4.3) 1.D. 1 and 2.2.3
Through-Thickness Section 3500 F ACI 349 Appendix A Section 2.0.2, and Tables
Average (Off-normal and (Paragraph A.4.2) 1.D. 1 and 2.2.3
Accident)
Steel Structure (other than lid 4500 F ASME Code Table 2.2.3
bottom and top plates) Section II, Part D
Lid Bottom and Top Plates 450OF

Insolation: Averaged Over 24 Hours 10CFR71.71 Section 4.4.1.1.8
Confinement: None 1OCFR72.128(a)(3) & N/A

0OCFR72.236(d) & (e)
Retrievability:

Normal and Off-normal No damage that precludes 1OCFR72.122(f),(h)(1), & (1) Sections 3.5 and 3.4
Accident Retrieval of MPC or Exceeding Sections 3.5 and 3.4

Fuel Assembly Deceleration
Limits

Criticality: Protection of MPC and Fuel IOCFR72.124 & Section 6.1
Assemblies 1OCFR72.236(c)

Radiation Protection/Shielding: 1OCFR72.126 &
1OCFR72.128(a)(2)

Overpack
(Normal/Off-normal/Accident)

Surface ALARA 1OCFR20 Chapters 5 and 10
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Position ALARA 1OCFR20 Chapters 5 and 10

Beyond Controlled Area During 25 mrem/yr. to whole body 10CFR72.104 Sections 5.1.1, 7.2, and 10.1
Normal Operation and Anticipated 75 mrem/yr. to thyroid
Occurrences 25 mrem/yr. to any critical organ
At Controlled Area Boundary from 5 rem TEDE or sum of DDE 1OCFR72.106 Sections 5.1.2, 7.3, and 10.1

Design Basis Accident and CDE to any individual organ
or tissue (other than lens of eye)
< 50 rem. 15 rem lens dose. 50
rem shallow dose to skin or
extremity.

Design Bases:
Spent Fuel Specification See Table 2.0.1 10CFR72.236(a) Section 2.1.9

Normal Design Event Conditions: 1 OCFR72.122(b)(1)
Ambient Outside Temperatures:

Max. Yearly Average 800 F ANSL'ANS 57.9 Section 2.2.1.4
Live Loadt: - ANSIIANS 57.9

Loaded Transfer Cask (max.) 250,000 lb. R.G. 3.61 Table 3.2.4
(HI-TRAC 125 Section 2.2.1.2
w/transfer lid)

Dry Loaded MPC (max.) 90,000 lb. R.G. 3.61 Table 3.2.1 and
Section 2.2.1.2

Handling: Section 2.2.1.2
Handling Loads 115% of Dead Weight CMAA #70 Section 2.2.1.2
Lifting Attachment Acceptance 1/10 Ultimate NUREG-0612 Section 3.4.3
Criteria 1/6 Yield ANSI N 14.6

Attachment/Component 1/3 Yield Regulatory Guide 3.61 Section 3.4.3
Interface Acceptance Criteria

1 Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the
presence of fuel spacers and non-fuel hardware, as applicable.
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Away from Attachment ASME Code ASME Code Section 3.4.3
Acceptance Criteria Level A
Minimum Temperature During 00 F ANSI/ANS 57.9 Section 2.2.1.2
Handling Operations

Snow and Ice Load 100 lb./ft2  ASCE 7-88 Section 2.2.1.6
Wet/Dry Loading Dry Section 1.2.2.2
Storage Orientation Vertical Section 1.2.2.2

Off-Normal Design Event Conditions: 1 OCFR72.122(b)(1)
Ambient Temperature

Minimum -400 F ANSI/ANS 57.9 Section 2.2.2.2
Maximum 1000 F ANSI/ANS 57.9 Section 2.2.2.2
Partial Blockage of Air Inlets Two Air Inlet Section 2.2.2.5

Ducts Blocked
Design-Basis (Postulated) Accident Desi n Events and Conditions: 1OCFR72.94

Drop Cases:
End 11 in. Section 2.2.3.1
Tip-Over Assumed (Non-mechanistic) Section 2.2.3.2

(Not applicable for HI-STORM IOOA)
Fire:

Duration 217 seconds IOCFR72.122(c) Section 2.2.3.3
Temperature 1,4750 F 1OCFR72.122(c) Section 2.2.3.3

Fuel Rod Rupture See Table 2.0.1 Section 2.2.3.8
Air Flow Blockage:

Vent Blockage 100% of Air Inlets Blocked 1OCFR72.128(a)(4) Section 2.2.3.13
Ambient Temperature 800 F 1OCFR72.128(a)(4) Section 2.2.3.13

Explosive Overpressure External 10 psid instantaneous, 5 psid 10 CFR 72.128(a)(4) Table 2.2.1
Differential Pressure steady state
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

Type I Criteria Basis FSAR Reference
Design-Basis Natural Phenomenon Design Events and Conditions: 1OCFR72.92 &

S 10CFR72.122(b)(2)
Flood

Height 125 ft. RG 1.59 Section 2.2.3.6
Velocity 15 ft/sec. RG 1.59 Section 2.2.3.6

Seismic
Max. acceleration at top of Free Standing: 10CFR72.102(f) Section 3.4.7.1
ISFSI pad GH + 0.53Gv < 0.53 Section 3.4.7.3

Anchored:
GH 2.12, Gv < 1.5

Tornado
Wind

Max. Wind Speed 360 mph RG 1.76 Section 2.2.3.5
Pressure Drop 3.0 psi RG 1.76 Section 2.2.3.5

Missiles Section 2.2.3.5
Automobile

Weight 1,800 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5

Rigid Solid Steel Cylinder
Weight 125 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5
Diameter 8 in. NUREG-0800 Table 2.2.5

Steel Sphere
Weight 0.22 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5
Diameter 1 in. NUREG-0800 Table 2.2.5

Burial Under Debris Maximum Decay Heat Load Section 2.2.3.12
Lightning Resistance Heat-Up NFPA 70 & 78 Section 2.2.3.11
Extreme Environmental 1250 F Section 2.2.3.14
Temperature

Load Combinations: See Table 2.2.14 and Table 3.1.5 ANSI/ANS 57.9 and Section 2.2.7
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Table 2.0.2 (continued)
HI-STORM 100 OVERPACK DESIGN CRITERIA SUMMARY

Type Criteria N -Basis I FSAR Reference
I NUREG-1536
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TABLE 2.0.3
HI-TRAC TRANSFER CASK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Design Life:

Design 40 yrs. Section 2.0.3
License 20 yrs. 1OCFR72.42(a) &

IOCFR72.236(g)
Structural:

Design Codes:
Structural Steel ASME Code, Section III, 1OCFR72.24(c)(4) Section 2.0.3

Subsection NF
Lifting Trunnions NUREG-0612 & ANSI N14.6 1OCFR72.24(c)(4)

Section 1.2.1.4
Dead Weights t :

Max. Empty Cask:
w/top lid and pool lid installed 143,500 lb. (HI-TRAC 125) R.G. 3.61 Table 3.2.2
and water jacket filled 102,000 lb. (HI-TRAC 100)

102,000 lb. (HI-TRAC 100D)
146,000 lb. (HI-TRAC 125D)

w/top lid and transfer lid 155,000 lb. (HI-TRAC 125) R.G. 3.61 Table 3.2.2
installed and water jacket filled 111,000 lb. (HI-TRAC 100)
(N/A for HI-TRAC 1 OOD and
125D)

Max. MPC/HI-TRAC with 250,000 lb. (HI-TRAC 125 and R.G. 3.61 Table 3.2.4
Yoke (in-pool lift): 125D)

200,000 lb. (HI-TRAC 100 and
1001D)

Design Cavity Pressures:
HI-TRAC Cavity Hydrostatic ANSI/ANS 57.9 Section 2.2.1.3
Water Jacket Cavity 60 psig (internal) ANSI/ANS 57.9 Section 2.2.1.3

I Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the
presence of fuel spacers and non-fuel hardware, as applicable.
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TABLE 2.0.3 (continued)
HI-TRAC TRANSFER CASK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Response and Degradation Limits Protect MPC from deformation 1OCFR72.122(b) Section 2.0.3

I OCFR72.122(c)

Continued adequate performance IOCFR72.122(b)
of HI-TRAC transfer cask 1OCFR72.122(c)

Retrieval of MPC 1OCFR72.122(l)
Thermal:

Maximum Design Temperature
Structural Materials 4000 F ASME Code Table 2.2.3

Section II, Part D
Shielding Materials

Lead 3500 F (max.) Table 2.2.3
Liquid Neutron Shield 3070 F (max.) Table 2.2.3
Solid Neutron Shield 3000 F (max.) (long term) Test Data Appendix 1.B and Table 2.2.3

350'F (max.) (short term)
Insolation: Averaged Over 24 Hours I OCFR71.71 Section 4.5.1.1.3

Confinement: None 1 OCFR72.128(a)(3) & N/A
0 OCFR72.236(d) & (e)

Retrievability:
Normal and Off-normal No encroachment on MPC or 1OCFR72.122(f),(h)(1), & (1) Sections 3.5 & 3.4
After Design-basis (Postulated) Exceeding Fuel Assembly
Accident Deceleration Limits Section 3.5 & 3.4

Criticality: Protection of MPC and 1OCFR72.124 & Section 6.1
Fuel Assemblies IOCFR72.236(c)

Radiation Protection/Shielding: 1OCFR72.126 &
1OCFR72.128(a)(2)

Transfer Cask
(Normal/Off-normal/Accident)

Surface ALARA IOCFR20 Chapters 5 and 10
Position ALARA 1OCFR20 Chapters 5 and 10
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TABLE 2.0.3 (continued)
HI-TRAC TRANSFER CASK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Design Bases:

Spent Fuel Specification See Table 2.0.1 1OCFR72.236(a) Section 2.1
Normal Design Event Conditions: 1 OCFR72.122(b)(1)

Ambient Temperatures:
Lifetime Average 1000 F ANSI/ANS 57.9 Section 2.2.1.4

Live Load_
Max. Loaded Canister

Dry 90,000 lb. R.G. 3.61 Table 3.2.1
Wet (including water in HI- 106,570 lb. R.G. 3.61 Table 3.2.4
TRAC annulus)

Handling: Section 2.2.1.2
Handling Loads 115% of Dead Weight CMAA #70 Section 2.2.1.2
Lifting Attachment Acceptance 1/10 Ultimate NUREG-0612 Section 3.4.3

Criteria. 1/6 Yield ANSI N14.6
Attachment/Component 1/3 Yield Regulatory Guide 3.61 Section 3.4.3
Interface Acceptance Criteria
Away from Attachment ASME Code ASME Code Section 3.4.3
Acceptance Criteria Level A
Minimum Temperature for 00 F ANSI/ANS 57.9 Section 2.2.1.2
Handling Operations

Wet/Dry Loading Wet or Dry Section 1.2.2.2
Transfer Orientation Vertical Section 1.2.2.2
Test Loads:

Trunnions 300% of vertical design load NUREG-0612 Section 9.1.2.1
& ANSI N 14.6

Off-Normal Design Event Conditions: 1OCFR72.122(b)(1)
Ambient Temperature

Minimum 00 F ANSI/ANS 57.9 Section 2.2.2.2
Maximum 1000 F ANSI/ANS 57.9 Section 2.2.2.2

t Weights listed in this table are bounding weights. Actual weights will be less, and will vary based on as-built dimensions of the components, fuel type, and the
presence of fuel spacers and non-fuel hardware, as applicable.
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TABLE 2.0.3 (continued)
HI-TRAC TRANSFER CASK DESIGN CRITERIA SUMMARY

Type Criteria Basis FSAR Reference
Design-Basis (Postulated) Accident Design Events and Conditions: 1OCFR72.24(d)(2)

& 1OCFR72.94
Side Drop 42 in. -_Section 2.2.3.1
Fire

Duration 4.8 minutes 1OCFR72.122(c) Section 2.2.3.3
Temperature 1,4750 F 1OCFR72.122(c) Section 2.2.3.3

Fuel Rod Rupture See Table 2.0.1 Section 2.2.3.8
Design-Basis Natural Phenomenon Design Events and Conditions: 1OCFR72.92

& 1OCFR72.122(b)(2)

Missiles Section 2.2.3.5
Automobile

Weight 1800 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5

Rigid Solid Steel Cylinder

Weight 125 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5
Diameter 8 in. NUREG-0800 Table 2.2.5

Steel Sphere
Weight 0.22 kg NUREG-0800 Table 2.2.5
Velocity 126 mph NUREG-0800 Table 2.2.5
Diameter 1 in. NUREG-0800 Table 2.2.5

Load Combinations: See Table 2.2.14 and Table 3.1.5 ANSI/ANS-57.9 & Section 2.2.7
1_ NUREG-1536
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TABLE 2.0.4
LIMITING DESIGN PARAMETERS FOR ISFSI PADS AND ANCHOR STUDS FOR HI-STORM IOOA

Item Maximum Permitted Valuet Minimum Permitted Value
ISFSI PAD

Pad Thickness --- 48 inches
Subgrade Young's Modulus from Static Tests --- 10,000 psi
(needed if pad is not founded on rock)
Concrete compressive strength at 28 days --- 4,000 psi

ANCHOR STUDS
Yield Strength at Ambient Temperature None 80,000 psi
Ultimate Strength at Ambient Temperature None 125,000 psi
Initial Stud Tension 65 ksi 55 ksi

t Pad and anchor stud parameters to be determined site-specifically, except where noted.
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TABLE 2.0.5
ISFSI PAD REQUIREMENTS FOR FREE-STANDING AND ANCHORED HI-STORM INSTALLATION

Item Free-Standing Anchored Comments

1. Interface between cask Contact surface between cask Same as free-standing with the All components below the top surface of the
and ISFSI and top surface of ISFSI pad addition of the bearing surface ISFSI pad and in contact with the pad

between the anchor stud nut and concrete are part of the pad design. A non-
the overpack baseplate. (The integral component such as the anchor stud
interface between the anchor stud is not part of the embedment even though it
and the anchor receptacle is at the may be put in place when the ISFSI pad is
applicable threaded or bearing formed. The embedment for the load
surface). transfer from the anchor studs to the

concrete ISFSI pad shall be exclusively
cast-in-place.

2. Applicable ACI Code At the discretion of the ISFSI ACI-349-97. A later edition of this ACI-349-97 recognizes increased structural
owner. ACI-318 and ACI-349 Code may be used if a written role of the ISFSI pad in an anchored cask
are available candidate codes. reconciliation is performed. storage configuration and imposes

requirements on embedment design.

3. Limitations on the pad Per Table 2.2.9 Per Table 2.0.4 In free-standing cask storage, the non-
design parameters mechanistic tipover requirement limits the

stiffness of the pad. In the anchored storage
configuration, increased pad stiffness is
permitted; however, the permissible HI-
STORM carry height is reduced.

4. HI-STORM Carry Height 11 inches (for ISFSI pad Determined site-specifically. Not Appendix 3.A provides the technical basis for
parameter Set A or Set B) or, applicable if the cask is lifted with free-standing installation. Depending on the final
otherwise, site-specific. Not a device designed in accordance ISFSI pad configuration (thickness, concrete
applicable if the cask is lifted with ANSI N14.6 and having strength, subgrade,etc.), and the method of

with a device designed in redundant drop protection transport, an allowable carry height may need to
accordance with ANSI N14.6 features. be established.

and having redundant drop
protection features.

HI-STORM FSAR
REPORT HI-2002444

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

2.0-35
Rev. 5

HI-STORM 100 Rev. 5 - 6/21/07



TABLE 2.0.5 (continued)
ISFSI PAD REQUIREMENTS FOR FREE-STANDING AND ANCHORED HI-STORM INSTALLATION

Item Free-Standing Anchored Comments
5. Maximum seismic

input on the GH + itGv < .t GH < 2.12
pad/cask contact (see note 1 below)
surface. GH is the AND
vectorial sum of the
two horizontal ZPAs Gv< 1.5
and Gv is the vertical
ZPA

6. Required minimum Greater than or equal to 0.53 (per Not applicable
value of cask to pad Table 2.2.9).
static coefficient of
friction (ji, must be
confirmed by
testing if a value

greater than 0.53 is
used).

7. Applicable Wind and Per Table 2.2.4, missile and The maximum overturning The bases are provided in Section 3.4.8
Large Missile Loads wind loading different from the moment at the base of the cask due for free-standing casks; the limit for

tabulated values, require 1OCFR to lateral missile and/or wind anchored casks ensures that the anchorage
72.48 evaluation action must be less than 1 x 107 ft- system will have the same structural

lb. margins established for seismic loading.
8. Small and medium Per Table 2.2.5, missiles and Same as for free-standing cask

missiles (penetrant wind loading different from the construction.
missile) tabulated value, require lOCFR

72.48 evaluation.

9. Design Loadings for Per load combinations in Section Same as for free-standing cask.
the ISFSI Pad 2.0.4 using site-specific load.

Note 1 - GH and GV may be the coincident values of the instantaneous horizontal and vertical accelerations, and the inequality shall

be evaluated at each time step.
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2.1 SPENT FUEL TO BE STORED

2.1.1 Determination of The Design Basis Fuel

The HI-STORM 100 System is designed to store most types of fuel assemblies generated in the
commercial U.S. nuclear industry. Boiling-water reactor (BWR) fuel assemblies have been supplied
by The General Electric Company (GE), Siemens, Exxon Nuclear, ANF, UNC, ABB Combustion
Engineering, and Gulf Atomic. Pressurized-water reactor (PWR) fuel assemblies are generally
supplied by Westinghouse, Babcock & Wilcox, ANF, and ABB Combustion Engineering. ANF,
Exxon, and Siemens are historically the same manufacturing company under different ownership.
Within this report, SPC is used to designate fuel manufactured by ANF, Exxon, or Siemens.
Publications such as Refs. [2.1.1 ] and [2.1.2] provide a comprehensive description of fuel discharged
from U.S. reactors. A central object in the design of the HI-STORM 100 System is to ensure that a
majority of SNF discharged from the U.S. reactors can be stored in one of the MPCs.

The cell openings and lengths in the fuel basket have been sized to accommodate the BWR and
PWR assemblies listed in Refs. [2.1.1] and [2.1.2] except as noted below. Similarly, the cavity
length of the multi-purpose canisters has been set at a dimension which permits storing most types of
PWR fuel assemblies and BVWR fuel assemblies with or without fuel channels. The one exception is
as follows:

The South Texas Units 1 & 2 SNF, and CE 16x 16 System 80 SNF are too long to be
accommodated in the available MPC cavity length.

In addition to satisfying the cross sectional and length compatibility, the active fuel region of the
SNF must be enveloped in the axial direction by the neutron absorber located in the MPC fuel
basket. Alignment of the neutron absorber with the active fuel region is ensured by the use of upper
and lower fuel spacers suitably designed to support the bottom and restrain the top of the fuel
assembly. The spacers axially position the SNF assembly such that its active fuel region is properly
aligned with the neutron absorber in the fuel basket. Figure 2.1.5 provides a pictorial representation
of the fuel spacers positioning the fuel assembly active fuel region. Both the upper and lower fuel
spacers are designed to perform their function under normal, off-normal, and accident conditions of
storage.

In summary, the geometric compatibility of the SNF with the MPC designs does not require the
definition of a design basis fuel assembly. This, however, is not the case for structural, confinement,
shielding, thermal-hydraulic, and criticality criteria. In fact, a particular fuel type in a category (PWR
or BWR) may not control the cask design in all of the above-mentioned criteria. To ensure that no
SNF listed in Refs. [2. 1.1 ] and [2.1.2] which is geometrically admissible in the MPC is precluded, it
is necessary to determine the governing fuel specification for each analysis criterion. To make the
necessary determinations, potential candidate fuel assemblies for each qualification criterion were
considered. Table 2. 1.1 lists the PWR fuel assemblies that were evaluated. These fuel assemblies
were evaluated to define the governing design criteria for PWR fuel. The BWR fuel assembly
designs evaluated are listed in Table 2.1.2. Tables 2.1.3 and 2.1.4 provide the fuel characteristics
determined to be acceptable for storage in the HI-STORM 100 System. Section 2.1.9 summarizes the
authorized contents for the HI-STORM 100 System. Any fuel assembly that has fuel characteristics
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within the range of Tables 2.1.3 and 2.1.4 and meets the other limits specified in Section 2.1.9 is
acceptable for storage in the HI-STORM 100 System. Tables 2.1.3 and 2.1.4 present the groups of
fuel assembly types defined as "array/classes" as described in further detail in Chapter 6. Table 2.1.5
lists the BWR and PWR fuel assembly designs which are found to govern for three qualification
criteria, namely reactivity, shielding, and thermal. Substantiating results of analyses for the
governing assembly types are presented in the respective chapters dealing with the specific
qualification topic. Additional information on the design basis fuel definition is presented in the
following subsections.

2.1.2 Intact SNF Specifications

Intact fuel assemblies are defined as fuel assemblies without known or suspected cladding defects
greater than pinhole leaks and hairline cracks, and which can be handled by normal means. The
design payload for the HI-STORM 100 System is intact ZR or stainless steel (SS) clad fuel
assemblies with the characteristics listed in Tables 2.1.17 through 2.1.24.

Intact fuel assemblies without fuel rods in fuel rod locations cannot be loaded into the HI-STORM
100 unless dummy fuel rods, which occupy a volume greater than or equal to the original fuel rods,
replace the missing rods prior to loading. Any intact fuel assembly that falls within the geometric,
thermal, and nuclear limits established for the design basis intact fuel assembly, as defined in Section
2.1.9 can be safely stored in the HI-STORM 100 System.

The range of fuel characteristics specified in Tables 2.1.3 and 2.1.4 have been evaluated in this
FSAR and are acceptable for storage in the HI-STORM 100 System within the decay heat, burnup,
and cooling time limits specified in Section 2.1.9 for intact fuel assemblies.

2.1.3 Damaged SNF and Fuel Debris Specifications

Damaged fuel and fuel debris are defined in Table 1.0. 1.

To aid in loading and unloading, damaged fuel assemblies and fuel debris will be loaded into
stainless steel damaged fuel containers (DFCs) provided with 250 x 250 fine mesh screens, for
storage in the HI-STORM 100 System (see Figures 2.1.1 and 2.1.2B, C, and D). The MPC-24E and
MPC 32 are designed to accommodate PWR damaged fuel. The MPC-24EF and MPC-32F are
designed to accommodate PWR damaged fuel and fuel debris. The MPC-68 is designed to
accommodate BWR damaged fuel. The MPC-68F and MPC-68FF are designed to accommodate
BWR damaged fuel and fuel debris. The appropriate structural, thermal, shielding, criticality, and
confinement analyses have been performed to account for damaged fuel and fuel debris and are
described in their respective chapters that follow. The limiting design characteristics for damaged
fuel assemblies and restrictions on the number and location of damaged fuel containers authorized
for loading in each MPC model are provided in Section 2.1.9. Dresden Unit 1 fuel assemblies
contained in Transnuclear-designed damaged fuel canisters and one Dresden Unit 1 thoria rod
canister have been approved for storage directly in the HI-STORM 100 System without re-packaging
(see Figures 2.1.2 and 2.1.2A).
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MPC contents classified as fuel debris are required to be stored in DFCs and in the applicable "F"
model MPC as specified in Section 2.1.9. The "F"(or "FF") indicates the MPC is qualified for
storage of intact fuel, damaged fuel, and fuel debris, in quantities and locations specified in Section
2.1.9. The basket designs for the standard and "F" model MPCs are identical. The lid and shell
designs of the "F" models are unique in that the upper shell portion of the canister is thickened for
additional strength needed under hypothetical accident conditions of transportation under 10 CFR
71. This design feature is not required for dry storage, but must be considered in fuel loading for dry
storage to ensure the dual purpose function of the MPC by eliminating the need to re-package the
fuel for transportation. Figure 2.1.9 shows the details of the differences between the standard and
"F" model MPC shells. These details are common for both the PWR and BWR series MPC models.

2.1.4 Deleted

2.1.5 Structural Parameters for Design Basis SNF

The main physical parameters of an SNF assembly applicable to the structural evaluation are the fuel
assembly length, envelope (cross sectional dimensions), and weight. These parameters, which define
the mechanical and structural design, are specified in Section 2.1.9. The centers of gravity reported
in Section 3.2 are based on the maximum fuel assembly weight. Upper and lower fuel spacers (as
appropriate) maintain the axial position of the fuel assembly within the MPC basket and, therefore,
the location of the center of gravity. The upper and lower fuel spacers are designed to withstand
normal, off-normal, and accident conditions of storage. An axial clearance of approximately 2 to 2-
1/2 inches is provided to account for the irradiation and thermal growth of the fuel assemblies. The
suggested upper and lower fuel spacer lengths are listed in Tables 2.1.9 and 2.1.10. In order to
qualify for storage in the MPC, the SNF must satisfy the physical parameters listed in Section 2.1.9.

2.1.6 Thermal Parameters for Design Basis SNF

The principal thermal design parameter for the stored fuel is the peak fuel cladding temperature,
which is a function of the maximum heat generation rate per assembly and the decay heat removal
capabilities of the HI-STORM 100 System. No attempt is made to link the maximum allowable
decay heat per fuel assembly with burnup, enrichment, or cooling time. Rather, the decay heat per
fuel assembly is adjusted to yield peak fuel cladding temperatures with an allowance for margin to
the temperature limit. The same fuel assembly decay heats are used for all fuel assembly designs
within a given class of fuel assemblies (i.e., ZR clad PWR, stainless steel clad BWR, etc.).

To ensure the permissible fuel cladding temperature limits are not exceeded, Section 2.1.9 specifies
the allowable decay heat per assembly for each MPC model. For both uniform and regionalized
loading of moderate and high burnup fuel assemblies, the allowable decay heat per assembly is
presented in Section 2.1.9.

Section 2.1.9 also includes separate cooling time, burnup, and decay heat limits for uniform fuel
loading and regionalized fuel loading. Regionalized loading allows higher heat emitting fuel
assemblies to be stored in the center fuel storage locations than would otherwise be authorized for
storage under uniform loading conditions.
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The fuel cladding temperature is also affected by the heat transfer characteristics of the fuel
assemblies. There is no single fuel assembly design used in all thermal calculations that is bounding
of all others. Instead, each thermal calculation, comprising the overall thermal analysis presented in
Chapter 4, was performed using the fuel assembly design that results in the most conservative result
for the individual calculation. By always using the fuel assembly design that is most conservative for
a particular calculation, it is ensured that each calculation is bounding for all fuel assembly designs.
The bounding fuel assembly design for each thermal calculation and fuel type is provided in Table
2.1.5.

Finally, the axial variation in the heat generation rate in the design basis fuel assembly is defined
based on the axial burnup distribution. For this purpose, the data provided in Refs. [2.1.7] and [2.1.8]
are utilized and summarized in Table 2.1.11 and Figures 2.1.3 and 2.1.4 for reference. These
distributions are representative of fuel assemblies with the design basis burnup levels considered.
These distributions are used for analyses only, and do not provide a criteria for fuel assembly
acceptability for storage in the HI-STORM 100 System.

Except for MPC-68F, fuel may be stored in the MPC using one of two storage strategies, namely,
uniform loading and regionalized loading. Uniform loading allows storage of any fuel assembly in
any fuel storage location, subject to additional restrictions, such as those for loading of fuel
assemblies containing non-fuel hardware as defined in Table 1.0.1. Regionalized fuel loading allows
for higher heat emitting fuel assemblies to be stored in the central core basket storage locations
(inner region) with lower heat emitting fuel assemblies in the peripheral fuel storage locations (outer
region). Regionalized loading allows storage of higher heat emitting fuel assemblies than would
otherwise be permitted using the uniform loading strategy. The definition of the regions for each
MPC model provided in Table 2.1.13. Regionalized fuel loading is not permitted in MPC-68F.

2.1.7 Radiological Parameters for Design Basis SNF

The principal radiological design criteria for the HI-STORM 100 System are the 1 OCFR72.104 site
boundary dose rate limits and maintaining operational dose rates as low as reasonably achievable
(ALARA). The radiation dose is directly affected by the gamma and neutron source terms of the
SNF assembly.

The gamma and neutron sources are separate and are affected differently by enrichment, bumup, and
cooling time. It is recognized that, at a given burnup, the radiological source terms increase
monotonically as the initial enrichment is reduced. The shielding design basis fuel assembly,
therefore, is evaluated at conservatively high burnups, low cooling times, and low enrichments, as
discussed in Chapter 5. The shielding design basis fuel assembly thus bounds all other fuel
assemblies.

The design basis dose rates can be met by a variety of burnup levels and cooling times. Section 2.1.9
provides the procedure for determining burnup and cooling time limits for all of the authorized fuel
assembly array/classes for both uniform fuel loading and regionalized loading. Table 2.1.11 and
Figures 2.1.3 and 2.1.4 provide the axial distribution for the radiological source terms for PWR and
BWR fuel assemblies based on the axial burnup distribution. The axial burnup distributions are
representative of fuel assemblies with the design basis burnup levels considered. These distributions
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are used for analyses only, and do not provide a criteria for fuel assembly acceptability for storage in
the HI-STORM 100 System.

Thoria rods placed in Dresden Unit 1 Thoria Rod Canisters meeting the requirements of Table 2.1.12
and Dresden Unit 1 fuel assemblies with one Antimony-Beryllium neutron source have been
qualified for storage. Up to one Thoria Rod Canister is authorized for storage in combination with
other intact and damaged fuel, and fuel debris as specified in Section 2.1.9.

Non-fuel hardware, as defined in Table 1.0.1, has been evaluated and is authorized for storage in the
PWR MPCs as specified in Section 2.1.9.

2.1.8 Criticality Parameters for Design Basis SNF

As discussed earlier, the MPC-68, MPC-68F, MPC-68FF, MPC-32 and MPC-32F feature a basket
without flux traps. In the aforementioned baskets, there is one panel of neutron absorber between
two adjacent fuel assemblies. The MPC-24, MPC-24E, and MPC-24EF employ a construction
wherein two neighboring fuel assemblies are separated by two panels of neutron absorber with a
water gap between them (flux trap construction).

The minimum 10B areal density in the neutron absorber panels for each MPC model is shown in
Table 2.1.15.

For all MPCs, the 10B areal density used for the criticality analysis is conservatively established
below the minimum values shown in Table 2.1.15. For Boral, the value used in the analysis is 75%
of the minimum value, while for METAMIC, it is 90% of the minimum value. This is consistent
with NUREG-1536 [2.1.5] which suggests a 25% reduction in l°B areal density credit when subject
to standard acceptance tests, and which allows a smaller reduction when more comprehensive tests
of the areal density are performed.

The criticality analyses for the MPC-24, MPC-24E and MPC-24EF (all with higher enriched fuel)
and for the MPC-32 and MPC-32F were performed with credit taken for soluble boron in the MPC
water during wet loading and unloading operations. Table 2.1.14 and 2.1.16 provide the required
soluble boron concentrations for these MPCs.

2.1.9 Summary of Authorized Contents

Tables 2.1.3, 2.1.4, 2.1.12, and 2.1.17 through 2.1.29 together specify the limits for spent fuel and
non-fuel hardware authorized for storage in the HI-STORM 100 System. The limits in these tables
are derived from the safety analyses described in the following chapters of this FSAR. Fuel
classified as damaged fuel assemblies or fuel debris must be stored in damaged fuel containers for
storage in the HI-STORM 100 System.

Tables 2.1.17 through 2.1.24 are the baseline tables that specify the fuel assembly limits for each of
the MPC models, with appropriate references to the other tables in this section for certain other
limits. Tables 2.1.17 through 2.1.24 refer to Section 2.1.9.1 for ZR-clad fuel limits on minimum
cooling time, maximum decay heat, and maximum burnup for uniform and regionalized fuel loading.
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Limits on decay heat, burnup, and cooling time for stainless steel-clad fuel are provided in Tables
2.1.17 through 2.1.24.

2.1.9.1 Decay Heat, Burnup, and Cooling Time Limits for ZR-Clad Fuel

Each ZR-clad fuel assembly and any PWR integral non-fuel hardware (NFH) to be stored in the HI-
STORM 100 System must meet the following limits, in addition to meeting the physical limits
specified elsewhere in this section, to be authorized for storage in the HI-STORM 100 System. The
contents of each fuel storage location (fuel assembly and NFH) to be stored must be verified to have,
as applicable:

* A decay heat less than or equal to the maximum allowable value.

* An assembly average enrichment greater than or equal to the minimum value used in
determining the maximum allowable burnup.

* A burnup less than or equal to the maximum allowable value.

* A cooling time greater than or equal to the minimum allowable value.

The maximum allowable ZR-clad fuel storage location decay heat values are determined using the
methodology described in Section 2.1.9.1.1 or 2.1.9.1.2 depending on whether uniform fuel loading
or regionalized fuel loading is being implementedt. The decay heat limits are independent ofburnup,
cooling time, or enrichment and are based strictly on the thermal analysis described in Chapter 4.
Decay heat limits must be met for all contents in a fuel storage location (i.e., fuel and PWR non-fuel
hardware, as applicable).

The maximum allowable average burnup per fuel storage location is determined by calculation as a
function of minimum enrichment, maximum allowable decay heat, and minimum cooling time from
3 to 20 years, as described in Section 2.1.9.1.3.

Section 12.2.10 describes how compliance with these limits may be verified, including practical

examples.

2.1.9.1.1 Uniform Fuel Loading Decay Heat Limits for ZR-Clad Fuel

Table 2.1.26 provides the maximum allowable decay heat per fuel storage location for ZR-clad fuel
in uniform fuel loading for each MPC model.

Note that the stainless steel-clad fuel limits apply to all fuel in the MPC, ifa mixture of stainless steel and ZR-
clad fuel is stored in the same MPC. The stainless steel-clad fuel assembly decay heat limits may be found in
Table 2.1.17 through 2.1.24
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2.1.9.1.2 Regionalized Fuel Loading Decay Heat Limits for ZR-Clad Fuel

Table 2.1.27 provides the maximum allowable decay heat per fuel storage location for ZR-clad
fuel in both the inner and outer regions for regionalized fuel loading in each MPC model.

2.1.9.1.3 Burnup Limits as a Function of Cooling Time for ZR-Clad Fuel

The maximum allowable ZR-clad fuel assembly average burnup varies with the following
parameters, based on the shielding analysis in Chapter 5:

" Minimum required fuel assembly cooling time
* Maximum allowable fuel assembly decay heat
* Minimum fuel assembly average enrichment

The calculation described in this section is used to determine the maximum allowable fuel assembly
burnup for minimum cooling times between 3 and 20 years, using maximum decay heat and
minimum enrichment as input values. This calculation may be used to create multiple burnup versus
cooling time tables for a particular fuel assembly array/class and different minimum enrichments.
The allowable maximum burnup for a specific fuel assembly may be calculated based on the
assembly's particular enrichment and cooling time.

(i) Choose a fuel assembly minimum enrichment, E235.

(ii) Calculate the maximum allowable fuel assembly average burnup for a minimum cooling
time between 3 and 20 years using the equation below:

Bu = (A x q) + (B x q2) + (C x q3) + [D x (E235)2] + (E x q x E235) + (F x q2 x E235) + G

Equation 2.1.9.3

Where:

Bu = Maximum allowable assembly average burnup (MWD/MTU)

q = Maximum allowable decay heat per fuel storage location determined in Section 2.1.9.1
or 2.1.9.2 (kW)

E 235 = Minimum fuel assembly average enrichment (wt. % 235U)
(e.g., for 4.05 wt. %, use 4.05)

A through G = Coefficients from Tables 2.1.28 or 2.1.29 for the applicable fuel assembly
array/class and minimum cooling time.
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2.1.9.1.4 Other Considerations

In computing the allowable maximum fuel storage location decay heats and fuel assembly average
burnups, the following requirements apply:

* Calculated burnup limits shall be rounded down to the nearest integer

* Calculated burnup limits greater than 68,200 MWD/MTU for PWR fuel and 65,000
MWD/MTU for BWR fuel must be reduced to be equal to these values.

" Linear interpolation of calculated burnups between cooling times for a given fuel assembly
maximum decay heat and minimum enrichment is permitted. For example, the allowable
burnup for a minimum cooling time of 4.5 years may be interpolated between those burnups
calculated for 4 and 5 years.

" ZR-clad fuel assemblies must have a minimum enrichment, as defined in Table 1.0. 1, greater
than or equal to the value used in determining the maximum allowable burnup per Section
2.1.9.1.3 to be authorized for storage in the MPC.

* When complying with the maximum fuel storage location decay heat limits, users must
account for the decay heat from both the fuel assembly and any PWR non-fuel hardware, as
applicable for the particular fuel storage location, to ensure the decay heat emitted by all
contents in a storage location does not exceed the limit.

Section 12.2.10 provides a practical example of determining fuel storage location decay heat,
burnup, and cooling time limits. and verifying compliance for a set of example fuel assemblies.
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Table 2.1.1

PWR FUEL ASSEMBLIES EVALUATED TO DETERMINE DESIGN BASIS SNF

Assembly Array
Class Type

B&W 15x 15 All

B&W 17x17 All

CE 14x14 All

CE 16xl6 Allexcept
System 80 TM

WE 14x14 All

WE 15x15 All

WE 17x17 All

St. Lucie All

Ft. Calhoun All

Haddam Neck
(Stainless Steel All
Clad)

San Onofre I
(Stainless Steel All
Clad)

Indian Point 1 All
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Table 2.1.2

BWR FUEL ASSEMBLIES EVALUATED TO DETERMINE DESIGN BASIS SNF

Assembly Class Array Type

GE BWR/2-3 All 7x7 All 8x8 All All lOxlO
9x9

GE BWR/4-6

All 7x7 All W All All IWO
9x9

Humboldt Bay All 6x6 All 7x7 (ZR
Clad)

Dresden-i All 6x6 All 8x8

LaCrosse
(Stainless Steel Clad) A
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Table 2.1.3
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 14x14 A 14x14 B 14x14 C 14x14 D 14x14E
Array/ Class

Clad Material (Note 2) ZR ZR ZR SS SS

Design Initial U (kg/assy.) <365 <412 <438 <400 <206
(Note 3) < 4

Initial Enrichment
(MPC-24, 24E, and 24EF < 4.6 (24) <4.6 (24) <4.6 (24) <4.0 (24) <5.0 (24)
without soluble boron
credit) < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
(wt % 235U) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF)
(Note 7)

Initial Enrichment
(MPC-24, 24E, 24EF, 32
or 32F with soluble boron < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
credit - see Note 5)
(wt % 

2 3 5
U)

No. of Fuel Rod Locations 179 179 176 180 173

Fuel Clad O.D. (in.) > 0.400 > 0.417 > 0.440 > 0.422 > 0.3415

Fuel Clad I.D. (in.) < 0.3514 < 0.3734 < 0.3880 < 0.3890 < 0.3175

Fuel Pellet Dia. (in.) < 0.3444 < 0.3659 < 0.3805 < 0.3835 < 0.3130
(Note 8) -

Fuel Rod Pitch (in.) < 0.556 < 0.556 < 0.580 < 0.556 Note 6

Active Fuel Length (in.) < 150 < 150 < 150 < 144 < 102

No. of Guide and/or 17 17 516 0
Instrument Tubes (Note 4)

Guide/Instrument Tube >0.07 0.0 17Thickness (in.) 01 >_ 0.038 0.0145 N/A
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Table 2.1.3 (continued)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 15x15 A 15x15 B 15x15 C 15x15 D 15x15 E 15x15 F
Array/Class

Clad Material ZR ZR ZR ZR ZR ZR
(Note 2)

Design Initial U < 473 < 473 < 473 < 495 < 495 < 495

(kg/assy.) (Note 3) .

Initial Enrichment
(MPC-24, 24E, < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24) < 4.1 (24)
and 24EF without .
soluble boron < 4.5 < 4.5 < 4.5 < 4.5 < 4.5 < 4.5
credit)_
(wt % 2

35U) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF)

(Note 7)

Initial Enrichment
(MPC-24, 24E,
24EF, 32 or 32F
with soluble boron < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
credit - see Note
5)
(wt % 23 5U)

No. of Fuel Rod 204 204 204 208 208 208
Locations

Fuel Clad OD. >0.418 >0.420 >0.417 >0.430 >0.428 >0.428
(in.)__
Fuel Clad I.D.Fen.) < 0.3660 < 0.3736 < 0.3640 < 0.3800 < 0.3790 < 0.3820
(in.)___
Fuel Pellet Dia. < 0.3580 < 0.3671 < 0.3570 < 0.3735 < 0.3707 < 0.3742
(in.) (Note 8)
Fuel Rod PitchFen.) < 0.550 < 0.563 < 0.563 < 0.568 < 0.568 < 0.568
(in.)__

Active Fuel
Length (in.) <150 <150 <150 <150 <150 <150

No. of Guide
and/or Instrument 21 21 21 17 17 17
Tubes

Guide/Instrument
Tube Thickness > 0.0165 > 0.015 > 0.0165 > 0.0150 > 0.0140 > 0.0140
( i n .) I I I I _ I _I
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Table 2.1.3 (continued)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 15x15 G 15x15H 16x16 A 17x17A 17x17 B 17x17 C
Array and Class

Clad Material SS ZR ZR ZR ZR ZR
(Note 2)

Design Initial U
(kg/assy.) (Note < 420 < 495 < 448 < 433 < 474 < 480
3)

Initial
Enrichment
(MPC-24, 24E, < 4.0 (24) <3.8 (24) <4.6 (24) <4.0 (24) < 4.0 (24) < 4.0 (24)
and 24EF without
soluble boron < 4.5 < 4.2 < 5.0 < 4.4 < 4.4 < 4.4
credit) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF)
(wt % 23 5

U)

(Note 7)

Initial
Enrichment
(MPC-24, 24E,
24EF, 32 or 32F <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
with soluble <
boron credit - see
Note 5)
(wt % 

23 5
U)

No. of Fuel Rod 204 208 236 264 264 264
Locations

Fuel Clad O.D. > 0.422 > 0.414 > 0.382 >0.360 > 0.372 > 0.377
(in.)

FuelCladI.D. < 0.3890 < 0.3700 < 0.3320 < 0.3150 < 0.3310 < 0.3330
(in.)_
Fuel Pellet Dia. < 0.3825 > 0.3622 < 0.3255 < 0.3088 < 0.3232 < 0.3252
(in.) (Note 8)
Fuel Rod Pitch(in.) _< 0.563 < 0.568 < 0.506 < 0.496 < 0.496 < 0.502

Active Fuel <144 <150 <150 <150 <150 <150
length (in.) < 1

No. of Guide
and/or Instrument 21 17 5 (Note 4) 25 25 25
Tubes

Guide/Instrument
Tube Thickness > 0.0145 > 0.140 > 0.0400 > 0.016 > 0.014 > 0.020
(in.)
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Table 2.1.3 (continued)
PWR FUEL ASSEMBLY CHARACTERISTICS

Notes:

1. All dimensions are design nominal values. Maximum and minimum dimensions are specified to
bound variations in design nominal values among fuel assemblies within a given array/class.

2. See Table 1.0.1 for the definition of"ZR."

3. Design initial uranium weight is the nominal uranium weight specified for each assembly by the
fuel manufacturer or reactor user. For each PWR fuel assembly, the total uranium weight limit
specified in this table may be increased up to 2.0 percent for comparison with users' fuel records
to account for manufacturer's tolerances.

4. Each guide tube replaces four fuel rods.

5. Soluble boron concentration per Tables 2.1.14 and 2.1.16, as applicable.

6. This fuel assembly array/class includes only the Indian Point Unit 1 fuel assembly. This fuel
assembly has two pitches in different sectors of the assembly. These pitches are 0.441 inches and
0.453 inches.

7. For those MPCs loaded with both intact fuel assemblies and damaged fuel assemblies or fuel
debris, the maximum initial enrichment of the intact fuel assemblies, damaged fuel assemblies
and fuel debris is 4.0 wt.% 235U.

8. Annular fuel pellets are allowed in the top and bottom 12" of the active fuel length.
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Table 2.1.4
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 6x6 A 6x6 B 6x6 C 7x7 A 7x7 B 8x8 A
Array and Class

Clad Material ZR ZR ZR ZR ZR ZR
(Note 2)

Design Initial U <110 < 110 < 110 < 100 < 198 < 120
(kg/assy.) (Note 3) .

Maximum Planar- < 2.7 for
Average Initial U0 2 rods.
Enrichment (wt.% < 2.7 See Note 4 < 2.7 < 2.7 < 4.2 < 2.7
235u) for MOX
(Note 14) rods

Initial Maximum
Rod Enrichment < 4.0 < 4.0 < 4.0 < 5.5 < 5.0 < 4.0
(wt.% 

2 3 5
U)

No. of Fuel Rod 35 or 36 (up
Locations 35 or 36 to 9 MOX 36 49 49 63 or 64

rods)
Fuel Clad O.D. > 0.5550 > 0.5625 > 0.5630 > 0.4860 > 0.5630 > 0.4120
(in.) .

Fuel Clad I.D. (in.) < 0.4945 < 0.4990 < 0.4990 < 0.3620
< 0.5105 - 0.4204 -

Fuel Pellet Dia. < 0.3580
(in.) < 0.4980 <0.4820. <0.4880 <0.4110 < 0.4910
Fuel Rod PitchFeR Pt <0.710 <0.710 <0.740 <0.631 <0.738 <0.523
(in.)__

Active Fuel Length < 120 < 120 <77.5 <80 < 150 < 120
(in.)_

No. of Water Rods I orO 1 or0 0 0 0 1 o
(Note 11)
Water Rodtes (i. > 0 > 0 N/A N/A N/A > 0Thickness (in.)

Channel Thickness < 0.060 < 0.060 < 0.060 <0.060 <0.120 < 0.100
(in.) I
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Table 2.1.4 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 8x8 B 8x8 C 8x8 D 8x8 E 8x8F 9x9 A
Array and Class

Clad Material ZR ZR ZR ZR ZR ZR
(Note 2)

Design Initial U
(kg/assy.) < 192 < 190 < 190 < 190 < 191 < 180
(Note 3)

Maximum Planar-
Average Initial
Enrichment (wt.% < 4.2 < 4.2 < 4.2 < 4.2 . <4.0 < 4.2235u)

(Note 14)

Initial Maximum
Rod Enrichment < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
(wt.% 235U)
No. of Fuel Rod 74/6663 or 64 62 60 or 61 59 64 7Nte5
Locations (Note 5)

Fuel Clad OD. > 0.4840 > 0.4830 > 0.4830 > 0.4930 > 0.4576 > 0.4400
(in.) 

_

Fuel Clad I.D. (in.) < 0.4295 < 0.4250 < 0.4230 < 0.4250 < 0.3996 < 0.3840

Fuel Pellet Dia.
(in.) <0.4195 <0.4160 <0.4140 <0.4160 <0.3913 <0.3760

Fuel Rod Pitch
(in.) < 0.642 < 0.641 <0.640 <0.640 <0.609 <0.566

Design Active Fuel < 150 < 150 < 150 <150 <150 <150
Length (in.) < 1

No. of Water Rods 1 -4 N/A 2
(Note 11) (Note 7) (Note 12)
Water Rod
ter Rod > 0.034 > 0.00 > 0.00 > 0.034 > 0.0315 > 0.00

Thickness (in.)

ChannelThickness <0.120 <0.120 <0.120 <0.100 <0.055 <0.120
(in.) 

_
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Table 2.1.4 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 9x9 B 9x9 C 9x9 D 9x9 E 9x9 F 9x9 G
Array and Class (Note 13) (Note 13)

Clad Material ZR ZR ZR ZR ZR ZR
(Note 2)

Design Initial U
(kg/assy.) < 180 < 182 < 182 < 183 < 183 < 164
(Note 3)

Maximum Planar-
Average Initial
Enrichment (wt.% < 4.2 < 4.2 < 4.2 < 4.0 < 4.0 < 4.2
2 35

U)

(Note 14)

Initial Maximum
Rod Enrichment < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
(wt.% 

2 3
_U)

No. of Fuel Rod 72 80 79 76 76 72
Locations
Fuel Clad O.D.
(in.) > 0.4330 > 0.4230 > 0.4240 > 0.4170 > 0.4430 > 0.4240
(in.)_

Fuel Clad I.D. (in.) < 0.3810 < 0.3640 < 0.3640 < 0.3640 < 0.3860 < 0.3640
Fuel Pellet Dia.

(in.) < 0.3740 < 0.3565 < 0.3565 <0.3530 < 0.3745 < 0.3565

Fuel Rod Pitch
(in.) < 0.572 <0.572 <0.572 <0.572 <0.572 <0.572

Design Active Fuel < 150 < 150 < 150 < 150 < 150 < 150
Length (in.) .

No. of Water Rods 11
(Note 11) (Note 6) (Note 6)
Water Rodtes (i. > 0.00 > 0.020 > 0.0300 > 0.0120 > 0.0120 > 0.0320Thickness (in.)

'ChannelThickness <0.120 <0.100 <0.100 <0.120 <0.120 <0.120
(in.)__
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Table 2.1.4 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly Array 10x0 A 10xl0 B 10xIO C 10xl0 D 10xl0 E

and Class

Clad Material (Note 2) ZR ZR ZR SS SS

Design Initial U (kg/assy.) < 188 < 188 < 179 < 125 < 125
(Note 3) <

Maximum Planar-Average
Initial Enrichment (wt.%
2 3 5U) < 4.2 < 4.2 < 4.2 < 4.0 < 4.0

(Note 14)

Initial Maximum Rod
Enrichment (wt.% 235U) < 5.0 < 5.0 < 5.0 < 5.0 < 5.0

No. of Fuel Rod Locations 92/78 91/83
(Note 8) (Note 9)

Fuel Clad O.D. (in.) > 0.4040 > 0.3957 > 0.3780 > 0.3960 > 0.3940

Fuel Clad I.D. (in.) < 0.3520 < 0.3480 < 0.3294 < 0.3560 < 0.3500

Fuel Pellet Dia. (in.) < 0.3455 < 0.3420 < 0.3224 < 0.3500 < 0.3430

Fuel Rod Pitch (in.) < 0.510 < 0.510 < 0.488 < 0.565 < 0.557

Design Active Fuel < 150 < 150 < 150 <83 <83
Length (in.) <_150_<_15 <_150 <_83_<_83

No. of Water Rods 21 5 ( 4
(Note 11) (Note 6) (Note 10)

Water Rod Thickness (in.) > 0.030 > 0.00 > 0.031 N/A > 0.022

Channel Thickness (in.) <0.120 <0.120 <0.055 <0.080 <0.080
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Table 2.1.4 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS

NOTES:

I. All dimensions are design nominal values. Maximum and minimum dimensions are specified
to bound variations in design nominal values among fuel assemblies within a given
array/class.

2. See Table 1.0.1 for the definition of"ZR."

3. Design initial uranium weight is the nominal uranium weight specified for each assembly by
the fuel man'ufacturer or reactor user. For each BWR fuel assembly, the total uranium weight
limit specified in this table may be increased up to 1.5 percent for comparison with users'
fuel records to account for manufacturer tolerances.

4. < 0.635 wt. % 235U and < 1.578 wt. % total fissile plutonium ( 239 Pu and 24 1pu), (wt. % of
total fuel weight, i.e., U0 2 plus PuO 2)

5. This assembly class contains 74 total rods; 66 full length rods and 8 partial length rods.

6. Square, replacing nine fuel rods.

7. Variable.

8. This assembly contains 92 total fuel rods; 78 full length rods and 14 partial length rods.

9. This assembly class contains 91 total fuel rods; 83 full length rods and 8 partial length rods.

10. One diamond-shaped water rod replacing the four center fuel rods and four rectangular water
rods dividing the assembly into four quadrants.

11. These rods may also be sealed at both ends and contain Zr material in lieu of water.

12. This assembly is known as "QUAD+." It has four rectangular water cross segments dividing
the assembly into four quadrants.

13. For the SPC 9x9-5 fuel assembly, each fuel rod must meet either the 9x9E or the 9x9F set of
limits or clad O.D., clad I.D., and pellet diameter.

14. For those MPCs loaded with both intact fuel assemblies and damaged fuel assemblies or fuel
debris, the maximum planar average initial enrichment for the intact fuel assemblies is
limited to 3.7 wt.% 

235U, as applicable.
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Table 2.1.5

DESIGN BASIS FUEL ASSEMBLY FOR EACH DESIGN CRITERION

Criterion BWR PWR

Reactivity GE 12/14 1Ox 10 with Partial B&W 15x15
(Criticality) Length Rods

(Array/Class IOx I0A) (Array/Class 15x 1F)
Shielding GE 7x7 B&W 15x 15

Fuel Assembly Effective
Planar Thermal GE-Il 9x9 W 17x17 OFA
Conductivity

Fuel Basket Effective
Axial Thermal GE 7x7 W 14x14 OFA
Conductivity

MPC Density and Heat Dresden 6x6 W 14x14 OFA
Capacity Dresden_6x6_W_14x_14_OFA

MPC Fuel Basket Axial
Resistance to GE-I 1 9x9 W 17x17 OFA
Thermosiphon Flow
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Tables 2.1.6 through 2.1.8

INTENTIONALLY DELETED
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Table 2.1.9

SUGGESTED PWR UPPER AND LOWER FUEL SPACER LENGTHS

Assembly Location of Max. Active Upper Fuel Lower Fuel
Fuel Assembly Length w/o Active Fuel Length Spacer Spacer

TyoNFH (in.) (in.) Length (in.) Length (in.)
Bottom_(in.) ______ ______

CE 14x14 157 4.1 137 9.5 10.0

CE 16x16 176.8 4.7 150 0 0

BW 15xl5 165.7 8.4 141.8 6.7 4.1

W 17x17 OFA 159.8 3.7 144 8.2 8.5

W 17x17 Std 159.8 3.7 144 8.2 8.5

W ]7x]7 V5H 160.1 3.7 144 7.9 8.5

W 15xl5 159.8 3.7 144 8.2 8.5

W 14x14 Std 159.8 3.7 145.2 9.2 7.5

W 14x14 OFA 159.8 3.7 144 8.2 8.5

Ft. Calhoun 146 6.6 128 10.25 20.25

St. Lucie 2 158.2 5.2 136.7 10.25 8.05

B&W 15x15 SS 137.1 3.873 120.5 19.25 19.25

W 15x]5 SS 137.1 3.7 122 19.25 19.25

W 14x14 SS 137.1 3.7 120 19.25 19.25

Indian Point 1 137.2 17.705 101.5 18.75 20.0

Note: Each user shall specify the fuel spacer length based on their fuel assembly length,
presence of a DFC, and allowing an approximate two to 2-1/2 inch gap under the MPC
lid. Fuel spacers shall be sized to ensure that the active fuel region of intact fuel
assemblies remains within the neutron poison region of the MPC basket with water in
the MPC.

NFH is an abbreviation for non-fuel hardware, including control components.
Fuel assemblies with control components may require shorter fuel spacers.
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Table 2.1.10

SUGGESTED BWR UPPER AND LOWER FUEL SPACER LENGTHS

Location of Max. Active Upper Fuel Lower Fuel
Fuel Assembly Assembly Active Fuel Fuel Length Spacer Spacer

Type Length (in.) from
Bottom (in.) (in.) Length (in.) Length (in.)

GE/2-3 171.2 7.3 150 4.8 0

GE/4-6 176.2 7.3 150 0 0

Dresden 1 134.4 11.2 110 18.0 28.0

Humboldt Bay 95.0 8.0 79 40.5 40.5

Dresden 1
Damaged Fuel 142.1 11.2 110 17.0 16.9
or Fuel Debris

Humboldt Bay
Damaged Fuel 105.5' 8.0 79 35.25 35.25
or Fuel Debris

LaCrosse 102.5 10.5 83 37.0 37.5

Note: Each user shall specify the fuel spacer length based on their fuel assembly length, presence
of a DFC, and allowing an approximate two to 2-1/2 in'ch gap under the MPC lid. Fuel
spacers shall be sized to ensure that the active fuel region of intact fuel assemblies remains
within the neutron poison region of the MPC basket with water in the MPC.

Fuel assembly length includes the damaged fuel container.
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Table 2.1.11
NORMALIZED DISTRIBUTION BASED ON BURNUP PROFILE

PWR DISTRIBUTION'

Interval Axial Distance From Bottom of Active Fuel Normalized Distribution(% of Active Fuel Length)

1 0% to 4-1/6% 0.5485

2 4-1/6% to 8-1/3% 0.8477

3 8-1/3% to 16-2/3% 1.0770

4 16-2/3% to 33-1/3% 1.1050

5 33-1/3% to 50% 1.0980

6 50% to 66-2/3% 1.0790

7 66-2/3% to 83-1/3% 1.0501

8 83-1/3% to 91-2/3% 0.9604

9 91-2/3% to 95-5/6% 0.7338

10 95-5/6% to 100% 0.4670

BWR DISTRIBUTION2

Interval Axial Distance From Bottom of Active Fuel

(% of Active Fuel Length) Normalized Distribution

1 0% to 4-1/6% 0.2200

2 4-1/6% to 8-1/3% 0.7600

3 8-1/3% to 16-2/3% 1.0350

4 16-2/3% to 33-1/3% 1.1675

5 33-1/3% to 50% 1.1950

6 50% to 66-2/3% 1.1625

7 66-2/3% to 83-1/3% 1.0725

8 83-1/3% to 91-2/3% 0.8650

9 91-2/3% to 95-5/6% 0.6200

10 95-5/6% to 100% 0.2200

1
2

Reference 2.1.7
Reference 2.1.8
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Table 2.1.12

DESIGN CHARACTERISTICS FOR THORIA RODS IN D-1 THORIA ROD CANISTERS

PARAMETER MPC-68 or MPC-68F

Cladding Type Zircaloy

Composition 98.2 wt.% ThO 2, 1.8 wt.% U0 2
with an enrichment of 93.5 wt. %235U

Number of Rods Per Thoria <18
Canister

Decay Heat Per Thoria Canister < 115 watts

Post-Irradiation Fuel Cooling Cooling time > 18 years and
Time and Average Burnup Per average burnup < 16,000
Thoria Canister MWD/MTIHM

Initial Heavy Metal Weight < 27 kg/canister

Fuel Cladding O.D. > 0.412 inches

Fuel Cladding I.D. <0.362 inches

Fuel Pellet O.D. < 0.358 inches

Active Fuel Length < 111 inches

Canister Weight < 550 lbs., including Thoria Rods

Canister Material Type 304 SS
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Table 2.1.13
MPC Fuel Loading Regions

MPC MODEL REGION 1 REGION 2
FUEL STORAGE FUEL STORAGE

LOCATIONS* LOCATIONS

MPC-24, 24E and 24EF 9, 10, 15, and 16 All Other Locations

MPC-32/32F 7, 8,
12 through 15, All Other Locations
18 through 21,

25, and 26

MPC-68/68F/68FF 11 through 14,
18 through 23,
27 through 32,
37 through 42, All Other Locations37 through 42,

46 through 51,
55 through 58

*Note: Refer to Figures 1.2.2 through 1.2.4
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Table 2.1.14

Soluble Boron Requirements for MPC-24/24E/24EF Fuel Wet Loading and Unloading
Operations

MINIMUM SOLUBLE
FUEL ASSEMBLY MAXIMUM BORON

MPC MODEL AVERAGE ENRICHMENT
(Wt % 235 CONCENTRATION

(ppmb)

All fuel assemblies with initial
MPC-24 enrichment' less than the prescribed 0

value for soluble boron credit

One or more fuel assemblies with an
MPC-24 initial enrichmentI greater than or > 400

equal to the prescribed value for no
soluble boron credit and < 5.0 wt. %

All fuel assemblies with initial
MPC-24E/24EF enrichment' less than the prescribed 0

value for soluble boron credit

All fuel assemblies classified as intact
fuel assemblies and one or more fuel

assemblies with an initial enrichment'MPC-24E/24EF > 300
greater than or equal to the prescribed
value for no soluble boron credit and

<5.0 wt. %

MPC-24E/24EF One or more fuel assemblies
classified as damaged fuel or fuel

debris and one or more fuel > 600
assemblies with initial enrichment

> 4.0 wt.% and < 5.0 wt.%

IRefer to Table 2.1.3 for these enrichments.
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Table 2.1.15

MINIMUM BORAL "B LOADING IN NEUTRON ABSORBER PANELS
MINIMUM '°B LOADING

(g/ cm 2)
MPC MODEL Boral METAMIC

Neutron Neutron
Absorber Panels Absorber Panels

MPC-24 0.0267 0.0223

MPC-24E and MPC-24EF 0.0372 0.0310

MPC-32/32F 0.0372 0.0310

MPC-68 and MPC-68FF 0.0372 0.0310

MPC-68F 0.01 N/A (Note 1)

Notes:

I1. All MPC-68F canisters are equipped with Boral neutron absorber panels.
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Table 2.1.16

Soluble Boron Requirements for MPC-32 and MPC-32F Wet Loading and Unloading Operations

All Intact Fuel Assemblies One or More Damaged Fuel
Assemblies or Fuel Debris

Fuel Assembly Max. Initial Max. Initial Max. Initial Max. Initial
Array/Class Enrichment Enrichment Enrichment Enrichment

< 4.1 wt.% 23"U 5.0 wt.% 23"U < 4.1 wt.% 23.U 5.0 wt.% 235U
(ppmb) (ppmb) (ppmb) (ppmb)

14x 14A/B/C/D/E 1,300 1,900 1,500 2,300

15x 15A/B/C/G 1,800 2,500 1,900 2,700

15xl5D/E/F/H 1,900 2,600 2,100 2,900

16x 16A 1,300 1,900 1,500 2,300

17x 17A/B/C 1,900 2,600 2,100 2,900

Note: For maximum initial enrichments between 4.1 wt% and 5.0 wt% 235U, the minimum soluble
boron concentration may be determined by linear interpolation between the minimum soluble boron
concentrations at 4.1 wt% and 5.1 wt% 235U.
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Table 2.1.17

LIMITS FOR MATERIAL TO BE STORED IN MPC-24

PARAMETER VALUE

Fuel Type Uranium oxide, PWR intact fuel assemblies meeting
the limits in Table 2.1.3 for the applicable array/class

Cladding Type ZR or Stainless Steel (SS) as specified in Table 2.1.3
for the applicable array/class

Maximum Initial Enrichment per Assembly As specified in Table 2.1.3 for the applicable
array/class

Post-irradiation Cooling Time and Average ZR clad: As specified in Section 2.1.9.1
Burnup per Assembly

SS clad: > 8 years and < 40,000 MWD/MTU

Decay Heat Per Fuel Storage Location ZR clad: As specified in Section 2.1.9.1

SS clad: < 710 Watts

Non-Fuel Hardware Burnup and Cooling Time As specified in Table 2.1.25

Fuel Assembly Length < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design)

Fuel Assembly Weight < 1,680 lbs (including non-fuel hardware)

Other Limitations a Quantity is limited to up to 24 PWR intact fuel
assemblies.

" Damaged fuel assemblies and fuel debris are
not permitted for storage in MPC-24.

" One NSA is permitted in MPC-24.
" BPRAs, TPDs, WABAs, water displacement

guide tube plugs, orifice rod assemblies, and/or
vibration suppressor inserts may be stored with
fuel assemblies in any fuel cell location.

" CRAs, RCCAs, CEAs, NSAs and/or APSRs
may be stored with fuel assemblies in fuel cell
locations 9, 10, 15, and/or 16

" Soluble boron requirements during wet loading
and unloading are specified in Table 2.1.14.
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Table 2.1.18

LIMITS FOR MATERIAL TO BE STORED IN MPC-68

PARAMETER VALUE (Note 1)

Fuel Type(s) Uranium oxide,
BWR intact fuel
assemblies
meeting the limits
in Table 2.1.4 for
the applicable
array/class, with
or without
channels

Uranium oxide,
BWR damaged
fuel assemblies
meeting the limits
in Table 2.1.4 for
the applicable
array/class, with
or without
channels, placed
in Damaged Fuel
Containers
(DFCs)

Mixed Oxide
(MOX) BWR
intact fuel
assemblies
meeting the
limits in Table
2.1.4 for
array/class
6x6B, with or
without
channels

Mixed Oxide
(MOX) BWR
damaged fuel
assemblies
meeting the
limits in Table
2.1.4 for
array/class
6x6B, with or
without
channels,
placed in
Damaged Fuel
Containers
(DFCs)

Cladding Type ZR or Stainless ZR or Stainless
Steel (SS) as Steel (SS) as
specified in Table specified in Table
2.1.4 for the 2.1.4 for the
applicable applicable
array/class array/class

Maximum Initial As specified in Planar Average: As specified in As specified in
Planar-Average Table 2.1.4 for the Table 2.1.4 for Table 2.1.4 for
Enrichment per applicable < 2.7 wt% 235U for array/class array/class
Assembly and Rod array/class array/classes 6x6B 6x6B
Enrichment 6x6A, 6x6C,

7x7A, and 8x8A;

< 4.0 wt% 235U for
all other
array/classes

Rod:

As specified in
Table 2.1.4
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Table 2.1.18 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-68

PARAMETER VALUE (Note 1)

Post-irradiation ZR clad: As ZR clad: As Cooling time > Cooling time >
Cooling Time and specified in specified in 18 years and 18 years and
Average Burnup per Section 2.1.9.1; Section 2.1.9.1; average burnup average burnup
Assembly except as provided except as provided < 30,000 < 30,000

in Notes 2 and 3. in Notes 2 and 3. MWD/MTIHM. MWD/MTIHM.

SS clad: Note 4 SS clad: Note 4.

Decay Heat Per Fuel ZR clad. As ZR clad: As
Storage Location specified in specified in

Section 2.1.9.1; Section 2.1.9. 1;
except as provided except as provided < H15 Watts < 115 Watts
in Notes 2 and 3. in Notes 2 and 3.

SS clad: < 95 SS clad: < 95
Watts Watts

Fuel Assembly Length Array/classes
6x6A, 6x6C,
7x7A, and 8x8A:
< 135.0 in.< 135.0 inl < 135.0 in. < 135.0 in.

< 176.5 in. (nominal design) (nominal (nominal
(nominal design)lAll Other design) design)

array/classes:
< 176.5 in.
(nominal design)

Fuel Assembly Width < 5.85 in. (nominal Array/classes
design) 6x6A, 6x6C,

7x7A, and 8x8A:
< 4.7 in. (nominal <4.70 in. <4.70 in.
design) (nominal (nominal

All Other design) design)

array/classes:
< 5.85 in.
(nominal design)
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Table 2.1.18 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-68

PARAMETER I VALUE (Note 1)

Fuel Assembly Weight < 700 lbs.
(including
channels)

Array/classes
6x6A, 6x6C,
7x7A, and 8x8A:
< 550 lbs.
(including
channels and
DFC)

All Other
array/classes:
< 700 lbs.
(including
channels and
DFC)

< 400 lbs,
including
channels

< 550 lbs,
including
channels and
DFC

~1* L

Other Limitations " Quantity is limited to up to one (1) Dresden Unit 1 thoria rod canister
meeting the specifications listed in Table 2.1.12 plus any combination
of array/class 6x6A, 6x6B, 6x6C, 7x7A, and/or 8x8A damaged fuel
assemblies in DFCs and intact fuel assemblies up to a total of 68.

" Up to 16 damaged fuel assemblies from plants other than Dresden Unit
I or Humboldt Bay may be stored in DFCs in fuel cell locations 1, 2, 3,
8, 9, 16, 25, 34, 35, 44, 53, 60, 61, 66, 67, and/or 68, with the balance
comprised of intact fuel assemblies up to a total of 68

" SS-clad fuel assemblies with stainless steel channels must be stored in
fuel cell locations 19 through 22, 28 through 31, 38 through 41, and/or
47 through 50.

" Dresden Unit I fuel assemblies with one antimony-beryllium neutron
source are permitted. The antimony-beryllium neutron source material
shall be in a water rod location.

" Fuel debris isnot permitted for storage in MPC-68.

Notes:

1 A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for storage.

2. Array/class 6x6A, 6x6C, 7x7A, and 8x8A fuel assemblies shall have a cooling time > 18 years, an
average buMrup < 30,000 MWD/MTU, and a maximum decay heat < 115 Watts.

3. Array/class 8x8F fuel assemblies shall have a cooling time > 10 years, an average burnup < 27,500
MWD/MTU, and a maximum decay < 183.5 Watts.

4. SS-clad fuel assemblies shall have a cooling time > 10 years, and an average burnup < 22,500
MWD/MTU.
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Table 2.1.19

LIMITS FOR MATERIAL TO BE STORED IN MPC-68F

PARAMETER VALUE (Notes 1 and 2)

Fuel Type(s) Uranium oxide,
BWR intact fuel
assemblies
meeting the
limits in Table
2.1.4 for
array/class
6x6A, 6x6C,
7x7A, or 8x8A,
with or without
Zircaloy
channels

Uranium oxide,
BWR damaged
fuel assemblies or
fuel debris meeting
the limits in Table
2.1.4 for
array/class 6x6A,
6x6C, 7x7A, or
8x8A, with or
without Zircaloy
channels, placed in
Damaged Fuel
Containers (DFCs)

Mixed Oxide
(MOX) BWR
intact fuel
assemblies
meeting the limits
in Table 2.1.4 for
array/class 6x6B,
with or without
Zircaloy channels

Mixed Oxide
(MOX) BWR
damaged fuel
assemblies or
fuel debris
meeting the
limits in Table
2.1.4 for
array/class
6x6B, with or
without Zircaloy
channels, placed
in Damaged
Fuel Containers
(DFCs))

Cladding Type ZR ZR ZR ZR

Maximum Initial As specified in As specified in As specified in As specified in
Planar-Average Table 2.1.4 for Table 2.1.4 for the Table 2.1.4 for Table 2.1.4 for
Enrichment per the applicable applicable array/class 6x6B array/class 6x6B
Assembly and Rod array/class array/class
Enrichment

Post-irradiation Cooling time > Cooling time > 18 Cooling time > 18 Cooling time >
Cooling Time, 18 years and years and average years and average 18 years and
Average Burnup, and average burnup burnup < 30,000 burnup < 30,000 average burnup
Minimum Initial < 30,000 MWD/MTU. MWD/MTIHM. < 30,000
Enrichment per MWD/MTU. MWD/MTIHM.
Assembly

Decay Heat Per Fuel < 115 Watts <115 Watts <115 Watts
Storage Location <115 Watts

Fuel Assembly Length < 135.0 in. < 135.0 in. < 135.0 in. < 135.0 in.
(nominal (nominal design) (nominal design) (nominal
design) design)

Fuel Assembly Width < 4.70 in. < 4.70 in. (nominal < 4.70 in. < 4.70 in.
(nominal design) (nominal design) (nominal
design) design)

Fuel Assembly Weight < 400 lbs, < 550 lbs, < 400 lbs, < 550 lbs,
(including (including channels (including (including
channels) and DFC) channels) channels and

I I I DFC)
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Table 2.1.19 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-68F

PARAMETER VALUE

Other Limitations Quantity is limited to up to four (4) DFCs containing Dresden Unit
I or Humboldt Bay uranium oxide or MOX fuel debris. The
remaining fuel storage locations may be filled with array/class
6x6A, 6x6B, 6x6C, 7x7A, and 8x8A fuel assemblies of the
following type, as applicable:

- uranium oxide BWR intact fuel assemblies

- MOX BWR intact fuel assemblies

- uranium oxide BWR damaged fuel assemblies in DFCs

- MOX BWR damaged fuel assemblies in DFCs

- up to one (1) Dresden Unit I thoria rod canister meeting the
specifications listed in Table 2.1.12.

* Stainless steel channels are not permitted.

N Dresden Unit I fuel assemblies with one antimony-beryllium
neutron source are permitted. The antimony-beryllium neutron
source material shall be in a water rod location.

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for storage.

2. Only fuel from the Dresden Unit I and Humboldt Bay plants are permitted for storage in the MPC-
68F.
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Table 2.1.20

LIMITS FOR MATERIAL TO BE STORED IN MPC-24E

PARAMETER VALUE (Note 1)

Fuel Type Uranium oxide PWR intact Uranium oxide PWR
fuel assemblies meeting the damaged fuel assemblies
limits in Table 2.1.3 for the meeting the limits in Table
applicable array/class 2.1.3 for the applicable

array/class, placed in a
Damaged Fuel Container
(DFC)

Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)
assemblies as specified in assemblies as specified in
Table 2.1.3 for the applicable Table 2.1.3 for the applicable
array/class array/class

Maximum Initial Enrichment per As specified in Table 2.1.3 for As specified in Table 2.1.3
Assembly the applicable array/class for the applicable array/class

Post-irradiation Cooling Time, and ZR clad: As specified in ZR clad: As specified in
Average Burnup per Assembly Section 2.1.9.1 Section 2.1.9.1

SS clad: > 8 yrs and SS clad: > 8 yrs and
<40,000 MWD/MTU < 40,000 MWD/MTU

Decay Heat Per Fuel Storage ZR clad: As specified in ZR clad: As specified in
Location Section 2.1.9.1 Section 2.1.9.1

SS clad: < 710 Watts SS clad: < 710 Watts

Non-fuel hardware post-irradiation As specified in Table 2.1.25 As specified in Table 2.1.25
Cooling Time and Burnup

Fuel Assembly Length < 176.8 in. (nominal design) < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design) <8.54 in. (nominal design)

'Fuel Assembly Weight < 1680 lbs (including non-fuel < 1680 lbs (including DFC
hardware) and non-fuel hardware)
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Table 2.1.20 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-24E

PARAMETER VALUE
Other Limitations * Quantity is limited to up to 24 PWR intact fuel

assemblies or up to four (4) damaged fuel assemblies

in DFCs may be stored in fuel storage locations 3, 6,
19, and/or 22. The remaining fuel storage locations
may be filled with intact fuel assemblies.

* Fuel debris is not authorized for storage in the MPC-
24E.

* One NSA is permitted in MPC-24E.
* BPRAs, TPDs, WABAs, water displacement guide

tube plugs, orifice rod assemblies, and/or vibration
suppressor inserts may be stored with fuel assemblies
in any fuel cell location.
C CRAs, RCCAs, CEAs, NSAs, and/or APSRs may be
stored with fuel assemblies in fuel cell locations 9,
10, 15, and/or 16.

* Soluble boron requirements during wet loading and
unloading are specified in Table 2.1.14.

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for storage.
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Table 2.1.21

LIMITS FOR MATERIAL TO BE STORED IN MPC-32

PARAMETER VALUE (Note 1)

Fuel Type Uranium oxide, PWR intact Uranium oxide, PWR
fuel assemblies meeting the damaged fuel assemblies
limits in Table 2.1.3 for the meeting the limits in Table
applicable fuel assembly 2.1.3 for the applicable fuel
array/class, assembly array/class.

Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)
assemblies as specified in assemblies as specified in
Table 2.1.3 for the applicable Table 2.1.3 for the applicable
array/class array/class

Maximum Initial Enrichment per As specified in Table 2.1.3 for As specified in Table 2.1.3 for
Assembly the applicable fuel assembly the applicable fuel assembly

array/class array/class

Post-irradiation Cooling Time and ZR clad: As specified in ZR clad: As specified in
Average Burnup per Assembly Section 2.1.9.1 Section 2.1.9.1

SS clad: > 9 years and SS clad: > 9 years and
< 30,000 MWD/MTU or < 30,000 MWD/MTU or
> 20 years and < 40,000 > 20 years and < 40,000
MWD/MTU MWD/MTU

Decay Heat Per Fuel Storage ZR-clad: As specified in ZR-clad: As specified in
Location Section 2.1.9.1 Section 2.1.9.1

SS-clad: < 500 Watts SS-clad: < 500 Watts

Non-fuel hardware post-irradiation As specified in Table 2.1.25 As specified in Table 2.1.25
cooling time and burmup

Fuel Assembly Length < 176.8 in. (nominal design) < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design) < 8.54 in. (nominal design)

Fuel Assembly Weight < 1,680 lbs (including non- < 1,680 lbs (including DFC
fuel hardware) and non-fuel hardware)
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Table 2.1.21 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-32

PARAMETER I VALUE
Other Limits " Quantity is limited to up to 32 PWR intact fuel assemblies

and/or up to eight (8) damaged fuel assemblies in DFCs in
fuel cell locations 1, 4, 5, 10, 23, 28, 29, and/or 32, with the
balance intact fuel assemblies up to a total of 32.

" Fuel debris is not permitted for storage in MPC-32.
W One NSA is permitted in MPC-32.
" BPRAs, TPDs, WABAs, water displacement guide tube

plugs, orifice rod assemblies, and/or vibration suppressor
inserts may be stored with fuel assemblies in any fuel cell
location.

" CRAs, RCCAs, CEAs, NSAs, and/or APSRs may be stored
with fuel assemblies in fuel cell locations 13, 14, 19, and/or
20.

" Soluble boron requirements during wet loading and
unloading are specified in Table 2.1.16.

NOTES:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for storage.
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Table 2.1.22

LIMITS FOR MATERIAL TO BE STORED IN MPC-68FF

PARAMETER VALUE (Note 1)
Fuel Type Uranium oxide or MOX BWR Uranium oxide or MOX BWR

intact fuel assemblies meeting damaged fuel assemblies or fuel
the limits in Table 2.1.4 for the debris meeting the limits in Table
applicable array/class, with or 2.1.4 for the applicable
without channels, array/class, with or without

channels, in DFCs.
Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)

assemblies as specified in Table assemblies as specified in Table
2.1.4 for the applicable 2.1.4 for the applicable
array/class array/class

Maximum Initial Planar Average As specified in Table 2.1.4 for Planar Average:
Enrichment per Assembly and the applicable fuel assembly
Rod Enrichment array/class < 2.7 wt% 235U for array/classes

6x6A, 6x6B, 6x6C, 7x7A, and
8x8A;

< 4.0 wt% 235U for all other
array/classes

Rod:

As specified in Table 2.1.4

Post-irradiation cooling time and ZR clad: As specified in ZR clad: As specified in
average burnup per Assembly Section 2.1.9.1; except as Section 2.1.9.1; except as

provided in Notes 2 and 3. provided in Notes 2 and 3.

SS clad: Note 4 SS clad: Note 4.
Decay Heat Per Fuel Storage ZR clad: As specified in Section ZR clad: As specified in Section
Location 2.1.9.1; except as provided in 2.1.9.1; except as provided in

Notes 2 and 3. Notes 2 and 3.

SS clad: < 95 Watts SS clad: < 95 Watts
Fuel Assembly Length Array/classes 6x6A, 6x6B, 6x6C, Array/classes 6x6A, 6x6B, 6x6C,

7x7A, and 8x8A: < 135.0 in. 7x7A, and 8x8A: < 135.0 in.
(nominal design) (nominal design)

All Other array/classes: All Other array/classes:
< 176.5 in. (nominal design) < 176.5 in. (nominal design)
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Table 2.1.22 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-68FF

PARAMETER VALUE (Note 1)

Fuel Assembly Array/classes 6x6A, 6x6B, 6x6C, 7x7A, Array/classes 6x6A, 6x6B, 6x6C,
Fuel Aand 8x8A: < 4.7 in. (nominal design) 7x7A, and 8x8A: <4.7 in. (nominal
Width design)

All Other array/classes:

< 5.85 in. (nominal design) All Other array/classes:

< 5.85 in. (nominal design)

Array/classes 6x6A, 6x6B, 6x6C, 7x7A, Array/classes 6x6A, 6x6B, 6x6C,
Fuel Assembly and 8x8A: < 550 lbs. (including 7x7A, and 8x8A: < 550 lbs. (including
Weight channels) channels and DFC)

All Other array/classes: All Other array/classes:

<700 lbs. (including channels) < 700 lbs. (including channels and
I DFC)

Other Limitations Quantity is limited to up to one (1) Up to eight (8) Dresden Unit I or
Humboldt Bay fuel assemblies classified as fuel debris in DFCs, and any
combination of Dresden Unit I or Humboldt Bay damaged fuel assemblies in
DFCs and intact fuel assemblies up to a total of 68.

Up to 16 damaged fuel assemblies and/or up to eight (8) fuel assemblies
classified as fuel debris from plants other than Dresden Unit 1 or Humboldt
Bay may be stored in DFCs in MPC-68FF. DFCs shall be located only in fuel
cell locations 1, 2, 3, 8, 9, 16, 25, 34, 35, 44, 53, 60, 61, 66, 67, and/or 68, with
the balance comprised of intact fuel assemblies meeting the above
specifications, up to a total of 68.

SS-clad fuel assemblies with stainless steel channels must be stored in fuel cell
locations 19 through 22, 28 through 31, 38 through 41, and/or 47 through 50.

* Dresden Unit 1 fuel assemblies with one antimony-beryllium neutron source
are permitted. The antimony-beryllium neutron source material shall be in a
water rod location.

NOTES:
I. A fuel assembly must meet the requirements of any one column and the other limitations to be

authorized for storage.

2. Array/class 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A fuel assemblies shall have a cooling time > 18 years,
an average bumup < 30,000 MWD/MTU, and a maximum decay heat < 115 Watts.

3. Array/class 8x8F fuel assemblies shall have a cooling time > 10 years, an average bumup < 27,500
MWD/MTU, and a maximum decay < 183.5 Watts.

4. SS-clad fuel assemblies shall have a cooling time > 10 years, and an average bumup < 22,500
MWD/MTU.
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Table 2.1.23

LIMITS FOR MATERIAL TO BE STORED IN MPC-24EF

PARAMETER VALUE (Note 1)

Fuel Type Uranium oxide PWR intact Uranium oxide PWR
fuel assemblies meeting the damaged fuel assemblies
limits in Table 2.1.3 for the and/or fuel debris meeting the
applicable array/class limits in Table 2.1.3 for the

applicable array/class, placed
in a Damaged Fuel Container
(DFC)

Cladding Type ZR or Stainless Steel (SS) ZR or Stainless Steel (SS)
assemblies as specified in assemblies as specified in
Table 2.1.3 for the applicable Table 2.1.3 for the applicable
array/class array/class

Maximum Initial Enrichment per As specified in Table 2.1.3 for As specified in Table 2.1.3
Assembly the applicable array/class for the applicable array/class

Post-irradiation Cooling Time, and ZR clad: As specified in ZR clad: As specified in
Average Burnup per Assembly Section 2.1.9.1 Section 2.1.9.1

SS clad: > 8 yrs and SS clad: > 8 yrs and
< 40,000 MWD/MTU < 40,000 MWD/MTU

Decay Heat Per Fuel Storage ZR clad: As specified in ZR clad: As specified in
Location Section 2.1.9.1 Section 2.1.9.1

SS clad: < 710 Watts SS clad: < 710 Watts

Non-fuel hardware post-irradiation As specified in Table 2.1.25 As specified in Table 2.1.25
Cooling Time and Bumup

Fuel Assembly Length < 176.8 in. (nominal design) < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design) < 8.54 in. (nominal design)

Fuel Assembly Weight < 1680 lbs (including non-fuel < 1680 lbs (including DFC
hardware) and non-fuel hardware)
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Table 2.1.23 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-24EF

PARAMETER VALUE

other Limitations Quantity per MPC: up to 24 PWR intact fuel
assemblies or up to four (4) damaged fuel assemblies
and/or fuel classified as fuel debris in DFCs may be
stored in fuel storage locations 3, 6, 19, and/or 22.
The remaining fuel storage locations may be filled
with intact fuel assemblies.

* One NSA is authorized for storage in the MPC-24EF.
0 BPRAs, TPDs, WABAs, water displacement guide

tube plugs, orifice rod assemblies, and/or vibration
suppressor inserts may be stored with fuel assemblies
in any fuel cell location.

0 CRAs, RCCAs, CEAs, NSAs, and/or APSRs may be
stored with fuel assemblies in fuel cell locations 9,.
10, 15, and/or 16.

0 Soluble boron requirements during wet loading and
unloading are specified in Table 2.1.14.

Notes:

12 A fuel assembly must meet the requirements of any one column and the other limitations to be authorized
for storage.
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Table 2.1.24

LIMITS FOR MATERIAL TO BE STORED IN MPC-32F

PARAMETER VALUE (Note 1)

Fuel Type Uranium oxide, PWR intact fuel Uranium oxide, PWR damaged
assemblies meeting the limits in fuel assemblies and fuel debris in
Table 2.1.3 for the applicable DFCs meeting the limits in Table
fuel assembly array/class 2.1.3 for the applicable fuel

assembly array/class

Cladding Type ZR or Stainless Steel (SS) as ZR or Stainless Steel (SS) as
specified in Table 2.1.3 for the specified in Table 2.1.3 for the
applicable fuel assembly applicable fuel assembly
array/class array/class

Maximum Initial Enrichment per As specified in Table 2.1.3 As specified in Table 2.1.3
Assembly

Post-irradiation Cooling Time, ZR clad: As specified in Section ZR clad: As specified in Section
Average Burnup, and Minimum 2.1.9.1 2.1.9.1
Initial Enrichment per Assembly

SS clad: > 9 years and < 30,000 SS clad: > 9 years and"< 30,000
MWD/MTU or > 20 years and < MWD/MTU or > 20 years and <
40,000MWD/MTU 40,OOOMWD/MTU

Decay Heat Per Fuel Storage ZR clad: As specified in Section ZR clad: As specified in Section
Location 2.1.9.1 2.1.9.1

SS clad: < 500 Watts SS clad: < 500 Watts

Non-fuel hardware post-
irradiation Cooling Time and As specified in Table 2.1.25 As specified in Table 2.1.25
Bumup

Fuel Assembly Length < 176.8 in. (nominal design) < 176.8 in. (nominal design)

Fuel Assembly Width < 8.54 in. (nominal design) < 8.54 in. (nominal design)

Fuel Assembly Weight < 1,680 lbs (including non-fuel < 1,680 lbs (including DFC and
hardware) non-fuel hardware)'
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Table 2.1.24 (cont'd)

LIMITS FOR MATERIAL TO BE STORED IN MPC-32F

PARAMETER VALUE
Other Limitations * Quantity is limited to up to 32 PWR intact

fuel assemblies and/or up to eight (8)
damaged fuel assemblies in DFCs in fuel
cell locations 1, 4, 5, 10, 23, 28, 29, and/or
32, with the balance intact fuel assemblies
up to a total of 32.

* One NSA is permitted for storage in MPC-
32.

* BPRAs, TPDs, WABAs, water
displacement guide tube plugs, orifice rod
assemblies, and/or vibration suppressor
inserts may be stored with fuel assemblies
in any fuel cell location.

" CRAs, RCCAs, CEAs, NSAs, and/or
APSRs may be stored with fuel assemblies
in fuel cell locations 13, 14, 19, and/or 20.

" Soluble boron requirements during wet
loading and unloading are specified in
Table 2.1.16.

NOTES:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for storage.
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Table 2.1.25

NON-FUEL HARDWARE BURNUP AND COOLING TIME LIMITS (Notes 1, 2, and 3)

NSA or Guide Control
Inserts Tube Hardware Component

(Note 4) (Note 5) (Note 6) APSR
Post-irradiation Maximum Maximum Maximum Maximum
Cooling Time Burnup Burnup Burnup Burnup

(yrs) (MWD/MTU) (MWD/MTU) (MWD/MTU) (MWD/MTU)

> 3 < 24,635 N/A (Note 7) N/A N/A

>4 < 30,000 < 20,000 N/A N/A

>5 < 36,748 < 25,000 < 630,000 < 45,000

> 6 < 44,102 < 30,000 -< 54,500

> 7 < 52,900 < 40,000 -< 68,000

>8 < 60,000 < 45,000 - < 83,000

>9 -< 50,000 - < 111,000

> 10 -< 60,000 -< 180,000

> 11 - < 75,000 - <630,000

> 12 - < 90,000

> 13 - < 180,000

>14 - < 630,000

NOTES:

I Bumups for non-fuel hardware are to be determined based on the burnup and uranium mass of the
fuel assemblies in which the component was inserted during reactor operation.

2. Linear interpolation between points is permitted, except that NSA or Guide Tube Hardware and
APSR burnups > 180,000 MWD/MTU and < 630,000 MWD/MTU must be cooled > 14 years
and > 11 years, respectively.

3. Applicable to uniform loading and regionalized loading.

4. Includes Burnable Poison Rod Assemblies (BPRAs), Wet Annular Burnable Absorbers
(WABAs), and vibration suppressor inserts.

5. Includes Thimble Plug Devices (TPDs), water displacement guide tube plugs, and orifice rod
assemblies.

6. Includes Control Rod Assemblies (CRAs), Control Element Assemblies (CEAs), and Rod Cluster
Control Assemblies (RCCAs).

7. N/A means not authorized for loading at this cooling time.
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Table 2.1.26

MAXIMUM ALLOWABLE DECAY HEAT PER FUEL STORAGE LOCATION
(UNIFORM LOADING, ZR-CLAD)

MPC Model Decay Heat per Fuel Assembly

(kW)

Intact Fuel Assemblies

MPC-24 < 1.157

MPC-24E/24EF < 1.173

MPC-32/32F < 0.898

MPC-68/68FF < 0.414

Damaged Fuel Assemblies and Fuel Debris

MPC-24 < 1.099

MPC-24E/24EF < 1.114

MPC-32/32F < 0.718

MPC-68/68FF < 0.393
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Table 2.1.27

MPC FUEL STORAGE REGIONS AND MAXIMUM DECAY HEAT

Number of Fuel Storage Inner Region Outer Region
Maximum Decay Maximum Decay

MPC Model Locations in Inner and MaiuDey MxmmDcy
Outer Regions Heat per Assembly Heat per Assembly

(kW) (kW)

MPC-24 4 and 20 1.470 0.900

MPC-24E/24EF 4 and 20 1.540 0.900

MPC-32/32F 12 and 20 1.131 0.600

MPC-68/68FF 32 and 36 0.500 0.275

Note: These limits apply to intact fuel assemblies, damaged fuel assemblies and fuel debris.
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Table 2.1.28

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 14x14A
Time
(years) A B C D E F G

> 3 20277.1 303.592 -68.329 -139.41 2993.67 -498.159 -615.411

> 4 35560.1 -6034.67 985.415 -132.734 3578.92 -723.721 -609.84

> 5 48917.9 -14499.5 2976.09 -150.707 4072.55 -892.691 -54.8362

>6 59110.3 -22507 5255.61 -177.017 4517.03 -1024.01 613.36

> 7 67595.6 -30158.1 7746.6 -200.128 4898.71 -1123.21 716.004

> 8 74424.9 -36871.1 10169.4 -218.676 5203.64 -1190.24 741.163

>9 81405.8 -44093.1 12910.8 -227.916 5405.34 -1223.27 250.224

> 10 86184.3 -49211.7 15063.4 -237.641 5607.96 -1266.21 134.435

> 11 92024.9 -55666.8 17779.6 -240.973 5732.25 -1282.12 -401.456

> 12 94775.8 -58559.7 19249.9 -246.369 5896.27 -1345.42 -295.435

> 13 100163 -64813.8 22045.1 -242.572 5861.86 -1261.66 -842.159

> 14 103971 -69171 24207 -242.651 5933.96 -1277.48 -1108.99

> 15 108919 -75171.1 27152.4 -243.154 6000.2 -1301.19 -1620.63

> 16 110622 -76715.2 28210.2 -240ý235 6028.33 -1307.74 -1425.5

>17 115582 -82929.7 31411.9 -235.234 5982.3 -1244.11 -1948.05

> 18 119195 -87323.5 33881.4 -233.28 6002.43 -1245.95 -2199.41

> 19 121882 -90270.6 35713.7 -231.873 6044.42 -1284.55 -2264.05

>20 124649 -93573.5 37853.1 -230.22 6075.82 -1306.57 -2319.63

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR
REPORT HI-2002444

Rev. 5
2.1-49

HI-STORM 100 Rev. 5 - 6/21/07



Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 14x14B
Time
(years) A B C D E F G

> 3 18937.9 70.2997 -28.6224 -130.732 2572.36 -383.393 -858.17

>4 32058.7 -4960.63 745.224 -125.978 3048.98 -551.656 -549.108

>5 42626.3 -10804.1 1965.09 -139.722 3433.49 -676.643 321.88

> 6 51209.6 -16782.3 3490.45 -158.929 3751.01 -761.524 847.282

> 7 57829.9 -21982 5009.12 -180.026 4066.65 -846.272 1200.45

> 8 62758 -26055.3 6330.88 -196.804 4340.18 -928.336 1413.17

> 9 68161.4 -30827.6 7943.87 -204.454 4500.52 -966.347 1084.69

> 10 71996.8 -34224.3 9197.25 -210.433 4638.94 -1001.83 1016.38

> 11 75567.3 -37486.1 10466.9 -214.95 4759.55 -1040.85 848.169

> 12 79296.7 -40900.3 11799.6 -212.898 4794.13 -1040.51 576.242

> 13 82257.3 -43594 12935 -212.8 4845.81 -1056.01 410.807

>14 83941.2 -44915.2 13641 -215.389 4953.19 -1121.71 552.724

>15 87228.5 -48130 15056.9 -212.545 4951.12 -1112.5 260.194

> 16 90321.7 -50918.3 16285.5 -206.094 4923.36 -1106.35 -38.7487

> 17 92836.2 -53314.5 17481.7 -203.139 4924.61 -1109.32 -159.673

> 18 93872.8 -53721.4 17865.1 -202.573 4956.21 -1136.9 30.0594

> 19 96361.6 -56019.1 19075.9 -199.068 4954.59 -1156.07 -125.917

>20 98647.5 -57795.1 19961.8 -191.502 4869.59 -1108.74 -217.603
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 14x14C
Time
(years) A B C D E F G

> 3 19176.9 192.012 -66.7595 -138.112 2666.73 -407.664 -1372.41

>4 32040.3 -4731.4 651.014 -124.944 3012.63 -530.456 -890.059

> 5 43276.7 -11292.8 2009.76 -142.172 3313.91 -594.917 -200.195

>6 51315.5 -16920.5 3414.76 -164.287 3610.77 -652.118 463.041

> 7 57594.7 -21897.6 4848.49 -189.606 3940.67 -729.367 781.46

> 8 63252.3 -26562.8 6273.01 -199.974 4088.41 -732.054 693.879

.> 9 67657.5 -30350.9 7533.4 -211.77 4283.39 -772.916 588.456

> 10 71834.4 -34113.7 8857.32 -216.408 4383.45 -774.982 380.243

> 11 75464.1 -37382.1 10063 -218.813 4460.69 -776.665 160.668

12 77811.1 -39425.1 10934.3 -225.193 4604.68 -833.459 182.463

> 13 81438.3 -42785.4 12239.9 -220.943 4597.28 -803.32 -191.636

> 14 84222.1 -45291.6 13287.9 -218.366 4608.13 -791.655 -354.59

> 15 86700.1 -47582.6 14331.2 -218.206 4655.34 -807.366 -487.316

> 16 88104.7 -48601.1 14927.9 -219.498 4729.97 -849.446 -373.196

> 17 91103.3 -51332.5 16129 -212.138 4679.91 -822.896 -654.296

> 18 93850.4 -53915.8 17336.9 -207.666 4652.65 -799.697 -866.307

> 19 96192.9 -55955.8 18359.3 -203.462 4642.65 -800.315 -1007.75

>20 97790.4 -57058.1 19027.7 -200.963 4635.88 -799.721 -951.122
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 15xl5A/B/C
Time
(years) A B C D E F G

> 3 15789.2 119.829 -21.8071 -127.422 2152.53 -267.717 -580.768

>4 26803.8 -3312.93 415.027 -116.279 2550.15 -386.33 -367.168

>5 36403.6 -7831.93 1219.66 -126.065 2858.32 -471.785 326.863

>6 44046.1 -12375.9 2213.52 -145.727 3153.45 -539.715 851.971

> 7 49753.5 -16172.6 3163.61 -166.946 3428.38 -603.598 1186.31

> 8 55095.4 -20182.5 4287.03 -183.047 3650.42 -652.92 1052.4

>9 58974.4 -23071.6 5156.53 -191.718 3805.41 -687.18 1025

> 10 62591.8 -25800.8 5995.95 -195.105 3884.14 -690.659 868.556

> 11 65133.1 -27747.4 6689 -203.095 4036.91 -744.034 894.607

> 12 68448.4 -30456 7624.9 -202.201 4083.52 -753.391 577.914

> 13 71084.4 -32536.4 8381.78 -201.624 4117.93 -757.16 379.105

> 14 73459.5 -34352.3 9068.86 -197.988 4113.16 -747.015 266.536

> 15 75950.7 -36469.4 9920.52 -199.791 4184.91 -779.222 57.9429

> 16 76929.1 -36845.6 10171.3 -197.88 4206.24 -794.541 256.099

> 17 79730 -39134.8 11069.4 -190.865 4160.42 -773.448 -42.6853

>18 81649.2 -40583 11736.1 -187.604 4163.36 -785.838 -113.614

> 19 83459 -41771.8 12265.9 -181.461 4107.51 -758.496 -193.442

> 20 86165.4 -44208.8 13361.2 -178.89 4107.62 -768.671 -479.778
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 15x15D/E/F/H
Time
(years) A B C D E F G

> 3 15192.5 50.5722 -12.3042 -126.906 2009.71 -235.879 -561.574

>4 25782.5 -3096.5 369.096 -113.289 2357.75 -334.695 -254.964

> 5 35026.5 -7299.87 1091.93 -124.619 2664 -414.527 470.916

>6 42234.9 -11438.4 1967.63 -145.948 2945.81 -474.981 1016.84

>7 47818.4 -15047 2839.22 -167.273 3208.95 -531.296 1321.12

> 8 52730.7 -18387.2 3702.43 -175.057 3335.58 -543.232 1223.61

>9 56254.6 -20999.9 4485.93 -190.489 3547.98 -600.64 1261.55

>10 59874.6 -23706.5 5303.88 -193.807 3633.01 -611.892 1028.63

> 11 62811 -25848.4 5979.64 -194.997 3694.14 -618.968 862.738

> 12 65557.6 -27952.4 6686.74 -198.224 3767.28 -635.126 645.139

> 13 67379.4 -29239.2 7197.49 -200.164 3858.53 -677.958 652.601

> 14 69599.2 -30823.8 7768.51 -196.788 3868.2 -679.88 504.443

> 15 71806.7 -32425 8360.38 -191.935 3851.65 -669.917 321.146

> 16 73662.6 -33703.5 8870.78 -187.366 3831.59 -658.419 232.335

>17 76219.8 -35898.1 9754.72 -189.111 3892.07 -694.244 -46.924

>18 76594.4 -35518.2 9719.78 -185.11 3897.04 -712.82 236.047

> 19 78592.7 -36920.8 10316.5 -179.54 3865.84 -709.551 82.478

>20 80770.5 -38599.9 11051.3 -175.106 3858.67 -723.211 -116.014
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 16x16A
Time
(years) A B C D E F G

> 3 17038.2 158.445 -37.6008 -136.707 2368.1 -321.58 -700.033

>4 29166.3 -3919.95 508.439 -125.131 2782.53 -455.722 -344.199

> 5 40285 -9762.36 1629.72 -139.652 3111.83 -539.804 139.67

> 6 48335.7 -15002.6 2864.09 -164.702 3444.97 -614.756 851.706

> 7 55274.9 -20190 4258.03 -185.909 3728.11 -670.841 920.035

> 8 60646.6 -24402.4 5483.54 -199.014 3903.29 -682.26 944.913

>9 64663.2 -27753.1 6588.21 -215.318 4145.34 -746.822 967.914

> 10 69306.9 -31739.1 7892.13 -218.898 4237.04 -746.815 589.277

> 11 72725.8 -34676.6 8942.26 -220.836 4312.93 -750.85 407.133

> 12 76573.8 -38238.7 10248.1 -224.934 4395.85 -757.914 23.7549

> 13 78569 -39794.3 10914.9 -224.584 4457 -776.876 69.428

> 14 81559.4 -42453.6 11969.6 -222.704 4485.28 -778.427 -203.031

> 15 84108.6 -44680.4 12897.8 -218.387 4460 -746.756 -329.078

> 16 86512.2 -46766.8 13822.8 -216.278 4487.79 -759.882 -479.729

> 17 87526.7 -47326.2 14221 -218.894 4567.68 -805.659 -273.692

> 18 90340.3 -49888.6 15349.8 -212.139 4506.29 -762.236 -513.316

> 19 93218.2 -52436.7 16482.4 -207.653 4504.12 -776.489 -837.1

> 20 95533.9 -54474.1 17484.2 -203.094 4476.21 -760.482 -955.662
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 17x17A
Time
(years) A B C D E F G

> 3 16784.4 3.90244 -10.476 -128.835 2256.98 -287.108 -263.081

>4 28859 -3824.72 491.016 -120.108 2737.65 -432.361 -113.457

>5 40315.9 -9724 1622.89 -140.459 3170.28 -547.749 425.136

> 6 49378.5 -15653.1 3029.25 -164.712 3532.55 -628.93 842.73

> 7 56759.5 -21320.4 4598.78 -190.58 3873.21 -698.143 975.46

> 8 63153.4 -26463.8 6102.47 -201.262 4021.84 -685.431 848.497

> 9 67874.9 -30519.2 7442.84 -218.184 4287.23 -754.597 723.305

> 10 72676.8 -34855.2 8928.27 -222.423 4382.07 -741.243 387.877

> 11 75623 -37457.1 9927.65 -232.962 4564.55 -792.051 388.402

> 12 80141.8 -41736.5 11509.8 -232.944 4624.72 -787.134 -164.727

> 13 83587.5 -45016.4 12800.9 -230.643 4623.2 -745.177 -428.635

> 14 86311.3 -47443.4 13815.2 -228.162 4638.89 -729.425 -561.758

> 15 87839.2 -48704.1 14500.3 -231.979 4747.67 -775.801 -441.959

>16 91190.5 -51877.4 15813.2 -225.768 4692.45 -719.311 -756.537

> 17 94512 -55201.2 17306.1 -224.328 4740.86 -747.11 -1129.15

> 18 96959 -57459.9 18403.8 -220.038 4721.02 -726.928 -1272.47

> 19 99061.1 -59172.1. 19253.1 -214.045 4663.37 -679.362 -1309.88

>20 100305 -59997.5 19841.1 -216.112 4721.71 -705.463 -1148.45
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Table 2.1.28 (cont'd)

PWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 17x17B/C
Time
(years) A B C D E F G

> 3 15526.8 18.0364 -9.36581 -128.415 2050.81 -243.915 -426.07

> 4 26595.4 -3345.47 409.264 -115.394 2429.48 -350.883 -243.477

>5 36190.4 -7783.2 1186.37 -130.008 2769.53 -438.716 519.95

>6 44159 -12517.5 2209.54 -150.234 3042.25 -489.858 924.151

> 7 50399.6 -16780.6 3277.26 -173.223 3336.58 -555.743 1129.66

> 8 55453.9 -20420 4259.68 -189.355 3531.65 -581.917 1105.62

> 9 59469.3 -23459.8 5176.62 -199.63 3709.99 -626.667 1028.74

> 10 63200.5 -26319.6 6047.8 -203.233 3783.02 -619.949 805.311

> 11 65636.3 -28258.3 6757.23 -214.247 3972.8 -688.56 843.457

> 12 68989.7 -30904.4 7626.53 -212.539 3995.62 -678.037 495.032

> 13 71616.6 -32962.2 8360.45 -210.386 4009.11 -666.542 317.009

> 14 73923.9 -34748 9037.75 -207.668 4020.13 -662.692 183.086

> 15 76131.8 -36422.3 9692.32 -203.428 4014.55 -655.981 47.5234

> 16 77376.5 -37224.7 10111.4 -207.581 4110.76 -703.37 161.128

> 17 80294.9 -39675.9 11065.9 -201.194 4079.24 -691.636 -173.782

> 18 82219.8 -41064.8 11672.1 -195.431 4043.83 -675.432 -286.059

>19 84168.9 -42503.6 12309.4 -190.602 4008.19 -656.192 -372.411

>20 86074.2 -43854.4 12935.9 -185.767 3985.57 -656.72 -475.953
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Table 2.1.29

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 7x7B
Time
(years) A B C D E F G

> 3 26409.1 28347.5 -16858 -147.076 5636.32 -1606.75 1177.88

>4 61967.8 -6618.31 -4131.96 -113.949 6122.77 -2042.85 -96.7439

> 5 91601.1 -49298.3 17826.5 -132.045 6823.14 -2418.49 -185.189

>6 111369 -80890.1 35713.8 -150.262 7288.51 -2471.1 86.6363

> 7 126904 -108669 53338.1 -167.764 7650.57 -2340.78 150.403

> 8 139181 -132294 69852.5 -187.317 8098.66 -2336.13 97.5285

>9 150334 -154490 86148.1 -193.899 8232.84 -2040.37 -123.029

> 10 159897 -173614 100819 -194.156 8254.99 -1708.32 -373.605

>11 166931 -186860 111502 -193.776 8251.55 -1393.91 -543.677

> 12 173691 -201687 125166 -202.578 8626.84 -1642.3 -650.814

> 13 180312 -215406 137518 -201.041 8642.19 -1469.45 -810.024

> 14 185927 -227005 148721 -197.938 8607.6 -1225.95 -892.876

> 15 191151 -236120 156781 -191.625 8451.86 -846.27 -1019.4

> 16 195761 -244598 165372 -187.043 8359.19 -572.561 -1068.19

> 17 200791 -256573 179816 -197.26 8914.28 -1393.37 -1218.63

> 18 206068 -266136 188841 -187.191 8569.56 -730.898 -1363.79

> 19 210187 -273609 197794 -182.151 8488.23 -584.727 -1335.59

20 213731 -278120 203074 -175.864 8395.63 -457.304 -1364.38
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 8x8B
Time
(years) A B C D E F G

> 3 28219.6 28963.7 -17616.2 -147.68 5887.41 -1730.96 1048.21

>4 66061.8 -10742.4 -1961.82 -123.066 6565.54 -2356.05 -298.005

>5 95790.7 -53401.7 19836.7 -134.584 7145.41 -2637.09 -298.858

>6 117477 -90055.9 41383.9 -154.758 7613.43 -2612.69 -64.9921

> 7 134090 -120643 60983 -168.675 7809 -2183.3 -40.8885

> 8 148186 -149181 81418.7 -185.726 8190.07 -2040.31 -260.773

>9 159082 -172081 99175.2 -197.185 8450.86 -1792.04 -381.705

> 10 168816 -191389 113810 -195.613 8359.87 -1244.22 -613.594

> 11 177221 -210599 131099 -208.3 8810 -1466.49 -819.773

> 12 183929 -224384 143405 -207.497 8841.33 -1227.71 -929.708

> 13 191093 -240384 158327 -204.95 8760.17 -811.708 -1154.76

> 14 196787 -252211 169664 -204.574 8810.95 -610.928 -1208.97

> 15 203345 -267656 186057 -208.962 9078.41 -828.954 -1383.76

> 16 207973 -276838 196071 -204.592 9024.17 -640.808 -1436.43

> 17 213891 -290411 211145 -202.169 9024.19 -482.1 -1595.28

> 18 217483 -294066 214600 -194.243 8859.35 -244.684 -1529.61

> 19 220504 -297897 219704 -190.161 8794.97 -10.9863 -1433.86

>20 227821 -318395 245322 -194.682 9060.96 -350.308 -1741.16
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 8x8C/D/E
Time
(years) A B C D E F G

> 3 28592.7 28691.5 -17773.6 -149.418 5969.45 -1746.07 1063.62

>4 66720.8 -12115.7 -1154 -128.444 6787.16 -2529.99 -302.155

> 5 96929.1 -55827.5 21140.3 -136.228 7259.19 -2685.06 -334.328

>6 118190 -92000.2 42602.5 -162.204 7907.46 -2853.42 -47.5465

> 7 135120 -123437 62827.1 -172.397 8059.72 -2385.81 -75.0053

> 8 149162 -152986 84543.1 -195.458 8559.11 -2306.54 -183.595

>9 161041 -177511 103020 -200.087 8632.84 -1864.4 -433.081

> 10 171754 -201468 122929 -209.799 8952.06 -1802.86 -755.742

> 11 179364 -217723 137000 -215.803 9142.37 -1664.82 -847.268

> 12 186090 -232150 150255 -216.033 9218.36 -1441.92 -975.817

>13 193571 -249160 165997 -213.204 9146.99 -1011.13 -1119.47

> 14 200034 -263671 180359 -210.559 9107.54 -694.626 -1312.55

> 15 205581 -275904 193585 -216.242 9446.57 -1040.65 -1428.13

> 16 212015 -290101 207594 -210.036 9212.93 -428.321 -1590.7

> 17 216775 -299399 218278 -204.611 9187.86 -398.353 -1657.6

>18 220653 -306719 227133 -202.498 9186.34 -181.672 -1611.86

> 19 224859 -314004 235956 -193.902 8990.14 145.151 -1604.71

>20 228541 -320787 245449 -200.727 9310.87 -230.252 -1570.18

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR
REPORT HI-2002444

Rev. 5
2.1-59

HI-STORM 100 Rev. 5 - 6/21/07



Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 9x9A
Time
(years) A B C D E F G

> 3 30538.7 28463.2 -18105.5 -150.039 6226.92 -1876.69 1034.06

>4 71040.1 -16692.2 1164.15 '-128.241 7105.27 -2728.58 -414.09

> 5 100888 -60277.7 24150.1 -142.541 7896.11 -3272.86 -232.197

> 6 124846 -102954 50350.8 -161.849 8350.16 -3163.44 -91.1396

>7 143516 -140615 76456.5 -185.538 8833.04 -2949.38 -104.802

> 8 158218 -171718 99788.2 -196.315 9048.88 -2529.26 -259.929

>9 172226 -204312 126620 -214.214 9511.56 -2459.19 -624.954

10 182700 -227938 146736 -215.793 9555.41 -1959.92 -830.943

> 11 190734 -246174 163557 -218.071 9649.43 -1647.5 -935.021

> 12 199997 -269577 186406 -223.975 9884.92 -1534.34 -1235.27

> 13 207414 -287446 204723 -228.808 10131.7 -1614.49 -1358.61

> 14 215263 -306131 223440 -220.919 9928.27 -988.276 -1638.05

> 15 221920 -321612 239503 -217.949 9839.02 -554.709 -1784.04

> 16 226532 -331778 252234 -216.189 9893.43 -442.149 -1754.72

> 17 232959 -348593 272609 -219.907 10126.3 -663.84 -1915.3

> 18 240810 -369085 296809 -219.729 10294.6 -859.302 -2218.87

> 19 244637 -375057 304456 -210.997 10077.8 -425.446 -2127.83

>20 248112 -379262 309391 -204.191 9863.67 100.27 -2059.39
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 9x9B
Time
(years) A B C D E F G

>3 30613.2 28985.3 -18371 -151.117 6321.55 -1881.28 988.92

>4 71346.6 -15922.9 631.132 -128.876 7232.47 -2810.64 -471.737

>5 102131 -60654.1. 23762.7 -140.748 7881.6 -3156.38 -417.979

>6 127187 -105842 51525.2 -162.228 8307.4 -2913.08 -342.13

>7 146853 -145834 79146.5 -185.192 8718.74 -2529.57 -484.885

>8 162013 -178244 103205 -197.825 8896.39 -1921.58 -584.013

>9 176764 -212856 131577 -215.41 9328.18 -1737.12 -1041.11

> 10 186900 -235819 151238 -218.98 9388.08 -1179.87 -1202.83

> 11 196178 -257688 171031 -220.323 9408.47 -638.53 -1385.16

> 12 205366 -280266 192775 -223.715 9592.12 -472.261 -1661.6

> 13 215012 -306103 218866 -231.821 9853.37 -361.449 -1985.56

> 14 222368 -324558 238655 -228.062 9834.57 3.47358 -2178.84

> 15 226705 -332738 247316 -224.659 9696.59 632.172 -2090.75

> 16 233846 -349835 265676 -221.533 9649.93 913.747 -2243.34

> 17 243979 -379622 300077 -222.351 9792.17 1011.04 -2753.36

> 18 247774 -386203 308873 -220.306 9791.37 1164.58 -2612.25

> 19 254041 -401906 327901 -213.96 9645.47 1664.94 -2786.2

* 20 256003 -402034 330566 -215.242 9850.42 1359.46 -2550.06
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 9x9C/D
Time
(years) A B C D E F G

>3 30051.6 29548,7 -18614.2 -148.276 6148.44 -1810.34 1006

> 4 70472.7 -14696.6 -233.567 -127.728 7008.69 -2634.22 -444.373

> 5 101298 -59638.9 23065.2 -138.523 7627.57 -2958.03 -377.965

> 6 125546 -102740 49217.4 -160.811 8096.34 -2798.88 -259.767

>7 143887 -139261 74100.4 -184.302 8550.86 -2517.19 -275.151

>8 159633 -172741 98641.4 -194.351 8636.89 -1838.81 -486.731

>9 173517 -204709 124803 -212.604 9151.98 -1853.27 -887.137

> 10 182895 -225481 142362 -218.251 9262.59 -1408.25 -978.356

>11 192530 -247839 162173 -217.381 9213.58 -818.676 -1222.12

>12 201127 -268201 181030 -215.552 9147.44 -232.221 -1481.55

> 13 209538 -289761 203291 -225.092 9588.12 -574.227 -1749.35

> 14 216798 -306958 220468 -222.578 9518.22 -69.9307 -1919.71

> 15 223515 -323254 237933 -217.398 9366.52 475.506 -2012.93

> 16 228796 -334529 250541 -215.004 9369.33 662.325 -2122.75

> 17 237256 -356311 273419 -206.483 9029.55 1551.3 -2367.96

> 18 242778 -369493 290354 -215.557 9600.71 659.297 -2589.32

> 19 246704 -377971 302630 -210.768 9509.41 1025.34 -2476.06

>20 249944 -382059 308281 -205.495 9362.63 1389.71 -2350.49
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 9x9E/F
Time
(years) A B C D E F G

> 3 30284.3 26949.5 -16926.4 -147.914 6017.02 -1854.81 1026.15

>4 69727.4 -17117.2 1982.33 -127.983 6874.68 -2673.01 -359.962

> 5 98438.9 -58492 23382.2 -138.712 7513.55 -3038.23 -112.641

> 6 119765 -95024.1 45261 -159.669 8074.25 -3129.49 221.182

>7 136740 -128219 67940.1 -182.439 8595.68 -3098.17 315.544

> 8 150745 -156607 88691.5 -193.941 8908.73 -2947.64 142.072

> 9 162915 -182667 109134 -198.37 8999.11 -2531 -93.4908

> 10 174000 -208668 131543 -210.777 9365.52 -2511.74 -445.876

> 11 181524 -224252 145280 -212.407 9489.67 -2387.49 -544.123

> 12 188946 -240952 160787 -210.65 9478.1 -2029.94 -652.339

> 13 193762 -250900 171363 -215.798 9742.31 -2179.24 -608.636

> 14 203288 -275191 196115 -218.113 9992.5 -2437.71 -1065.92

> 15 208108 -284395 205221 -213.956 9857.25 -1970.65 -1082.94

> 16 215093 -301828 224757 -209.736 9789.58 -1718.37 -1303.35

> 17 220056 -310906 234180 -201.494 9541.73 -1230.42 -1284.15

> 18 224545 -320969 247724 -206.807 9892.97 -1790.61 -1381.9

> 19 226901 -322168 250395 -204.073 9902.14 -1748.78 -1253.22

>20 235561 -345414 276856 -198.306 9720.78 -1284.14 -1569.18
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 9x9G
Time
(years) A B C D E F G

>3 35158.5 26918.5 -17976.7 -149.915 6787.19 -2154.29 836.894

>4 77137.2 -19760.1 2371.28 -130.934 8015.43 -3512.38 -455.424

>5 113405 -77931.2 35511.2 -150.637 8932.55 -4099.48 -629.806

> 6 139938 -128700 68698.3 -173.799 9451.22 -3847.83 -455.905

>7 164267 -183309 109526 -193.952 9737.91 -3046.84 -737.992

> 8 182646 -227630 146275 -210.936 10092.3 -2489.3 -1066.96

>9 199309 -270496 184230 -218.617 10124.3 -1453.81 -1381.41

> 10 213186 -308612 221699 -235.828 10703.2 -1483.31 -1821.73

> 11 225587 -342892 256242 -236.112 10658.5 -612.076 -2134.65

> 12 235725 -370471 285195 -234.378 10604.9 118.591 -2417.89

> 13 247043 -404028 323049 -245.79 11158.2 -281.813 -2869.82

> 14 253649 -421134 342682 -243.142 11082.3 400.019 -2903.88

> 15 262750 -448593 376340 -245.435 11241.2 581.355 -3125.07

> 16 270816 -470846 402249 -236.294 10845.4 1791.46 -3293.07

> 17 279840 -500272 441964 -241.324 11222.6 1455.84 -3528.25

> 18 284533 -511287 458538 -240.905 11367.2 1459.68 -3520.94

> 19 295787 -545885 501824 -235.685 11188.2 2082.21 -3954.2

20 300209 -556936 519174 -229.539 10956 2942.09 -3872.87
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 10x10A/B
Time
(years) A B C D E F G

> 3 29285.4 27562.2 -16985 -148.415 5960.56 -1810.79 1001.45

> 4 67844.9 -14383 395.619 -127.723 6754.56 -2547.96 -369.267

>5 96660.5 -55383.8 21180.4 -137.17 7296.6 -2793.58 -192.85

>6 118098 -91995 42958 -162.985 7931.44 -2940.84 60.9197

> 7 135115 -123721 63588.9 -171.747 8060.23 -2485.59 73.6219

> 8 148721 -151690 84143.9 -190.26 8515.81 -2444.25 -63.4649

>9 160770 -177397 104069 -197.534 8673.6 -2101.25 -331.046

> 10 170331 -198419 121817 -213.692 9178.33 -2351.54 -472.844

> 11 179130 -217799 138652 -209.75 9095.43 -1842.88 -705.254

> 12 186070 -232389 151792 -208.946 9104.52 -1565.11 -822.73

> 13 192407 -246005 164928 -209.696 9234.7 -1541.54 -979.245

> 14 200493 -265596 183851 -207.639 9159.83 -1095.72 -1240.61

> 15 205594 -276161 195760 -213.491 9564.23 -1672.22 -1333.64

> 16 209386 -282942 204110 -209.322 9515.83 -1506.86 -1286.82

> 17 214972 -295149 217095 -202.445 9292.34 -893.6 -1364.97

> 18 219312 -302748 225826 -198.667 9272.27 -878.536 -1379.58

> 19 223481 -310663 235908 -194.825 9252.9 -785.066 -1379.62

>20 227628 -319115 247597 -199.194 9509.02 -1135.23 -1386.19
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Table 2.1.29 (cont'd)

BWR FUEL ASSEMBLY COOLING TIME-DEPENDENT COEFFICIENTS
(ZR-CLAD FUEL)

Cooling Array/Class 10xl0C
Time
(years) A B C D E F G

> 3 31425.3 27358.9 -17413.3 -152.096 6367.53 -1967.91 925.763

>4 71804 -16964.1 1000.4 -129.299 7227.18 -2806.44 -416.92

> 5 102685 -62383.3 24971.2 -142.316 7961 -3290.98 -354.784

>6 126962 -105802 51444.6 -164.283 8421.44 -3104.21 -186.615

> 7 146284 -145608 79275.5 -188.967 8927.23 -2859.08 -251.163

>8 162748 -181259 105859 -199.122 9052.91 -2206.31 -554.124

> 9 176612 -214183 133261 -217.56 9492.17 -1999.28 -860.669

> 10 187756 -239944 155315 -219.56 9532.45 -1470.9 -1113.42

> 11 196580 -260941 174536 -222.457 9591.64 -944.473 -1225.79

> 12 208017 -291492 204805 -233.488 10058.3 -1217.01 -1749.84

> 13 214920 -307772 221158 -234.747 10137.1 -897.23 -1868.04

> 14 222562 -326471 240234 -228.569 9929.34 -183.47 -2016.12

> 15 228844 -342382 258347 -226.944 9936.76 117.061 -2106.05

> 16 233907 -353008 270390 -223.179 9910.72 360.39 -2105.23

> 17 244153 -383017 304819 -227.266 10103.2 380.393 -2633.23

> 18 249240 -395456 321452 -226.989 10284.1 169.947 -2623.67

> 19 254343 -406555 335240 -220.569 10070.5 764.689 -2640.2

>20 260202 -421069 354249 -216.255 10069.9 854.497 -2732.77
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2.2 HI-STORM 100 DESIGN CRITERIA

The HI-STORM 100 System is engineered for unprotected outside storage for the duration of its
design life. Accordingly, the cask system is designed to withstand normal, off-normal, and
environmental phenomena and accident conditions of storage. Normal conditions include the
conditions that are expected to occur regularly or frequently in the course of normal operation. Off-
normal conditions include those infrequent events that could reasonably be expected to occur during
the lifetime of the cask system. Environmental phenomena and accident conditions include events
that are postulated because their consideration establishes a conservative design basis.

Normal condition loads act in combination with all other loads (off-normal or environmental
phenomena/accident). Off-normal condition loads and environmental phenomena and accident
condition loads are not applied in combination. However, loads that occur as a result of the same
phenomena are applied simultaneously. For example, the tornado winds loads are applied in
combination with the tornado missile loads.

In the following subsections, the design criteria are established for normal, off-normal, and accident
conditions for storage. Loads that require consideration under each condition are identified and the
design criteria discussed. Based on consideration of the applicable requirements of the system, the
following loads are identified:

Normal (Long-Term Storage) Condition: Dead Weight, Handling, Pressure, Temperature, Snow

Off-Normal Condition: Pressure, Temperature, Leakage of One Seal, Partial Blockage of Air Inlets,
Off-Normal Handling of HI-TRAC, Supplemental Cooling System Power Failure

Accident Condition: Handling Accident, Tip-Over, Fire, Partial Blockage of MPC Basket Vent
Holes, Tornado, Flood, Earthquake, Fuel Rod Rupture, Confinement Boundary Leakage, Explosion,
Lightning, Burial Under Debris, 100% Blockage of Air Inlets, Extreme Environmental Temperature
Supplemental Cooling System Operational Failure

Short-Term Operations: This loading condition is defined to accord with ISG- 11, Revision 3
guidance [2.0.8]. This includes those normal operational evolutions necessary to support fuel loading
or unloading activities. These include, but are not limited to MPC cavity drying, helium backfill,
MPC transfer, and on-site handling of a loaded HI-TRAC transfer cask.

Each of these conditions and the- applicable loads are identified with applicable design criteria
established. Design. criteria are deemed to be satisfied if the specified allowable limits are not
exceeded.
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2.2.1 Normal Condition Design Criteria

2.2.1.1 Dead Weight

The HI-STORM 100 System must withstand the static loads due to the weights of each of its
components, including the weight of the HI-TRAC with the loaded MPC atop the storage overpack.

2.2.1.2 Handling

The HI-STORM 100 System must withstand loads experienced during routine handling. Normal
handling includes:

i. vertical lifting and transfer to the ISFSI of the HI-STORM overpack with loaded
MPC

ii. lifting, upending/downending, and transfer to the ISFSI of the HI-TRAC with loaded
MPC in the vertical or horizontal position

iii. lifting of the loaded MPC into and out of the HI-TRAC, HI-STORM, or HI-STAR
overpack

The loads shall be increased by 15% to include any dynamic effects from the lifting operations as
directed by CMAA #70 [2.2.16].

Handling operations of the loaded HI-TRAC transfer cask or HI-STORM overpack are limited to
working area ambient temperatures greater than or equal to 0°F. This limitation is specified to ensure
that a sufficient safety margin exists before brittle fracture might occur during handling operations.
Subsection 3.1.2.3 provides the demonstration of the adequacy of the HI-TRAC transfer cask and the
HI-STORM overpack for use during handling operations at a minimum service temperature of 0W F.

Lifting attachments and devices shall meet the requirements of ANSI N14.6t [2.2.3].

2.2.1.3 Pressure

The MPC internal pressure is dependent on the initial volume of cover gas (helium), the volume of
fill gas in the fuel rods, the fraction of fission gas released from the fuel matrix, the number of fuel
rods assumed to have ruptured, and temperature.

The normal condition MPC internal design pressure bounds the cumulative effects of the maximum
fill gas volume, normal environmental ambient temperatures, the maximum MPC heat load, and an
assumed 1% of the fuel rods ruptured with 100% of the fill gas and 30% of the significant
radioactive gases (e.g., H3, Kr, and Xe) released in accordance with NUREG-1536.

Yield and ultimate strength values used in the stress compliance demonstration per ANSI N14.6 shall utilize

confirmed material test data through either independent coupon testing or material suppliers= CMTR or COC, as
appropriate. To ensure consistency between the design and fabrication of a lifting component, compliance with
ANSI N 14.6 in this FSAR implies that the guidelines of ASME Section III, Subsection NF for Class 3 structures are
followed for material procurement and testing, fabrication, and for NDE during manufacturing.
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Table 2.2.1 provides the design pressures for the HI-STORM 100 System.

For the storage of damaged fuel assemblies or fuel debris in a damaged fuel container, it is
conservatively assumed that 100% of the fuel rods are ruptured with 100% of the rod fill gas and
30% of the significant radioactive gases (e.g., H3, Kr, and Xe) released for both normal and off-
normal conditions. For PWR assemblies stored with non-fuel hardware, it is assumed that 100% of
the gasses in the non-fuel hardware (e.g., BPRAs) is also released. This condition is bounded by the
pressure calculation for design basis intact fuel with 100% of the fuel rods ruptured in allof the fuel
assemblies. It is shown in Chapter 4 that the accident condition design pressure is not exceeded with
100% of the fuel rods ruptured in all of the design basis fuelassemblies. Therefore, rupture of 100%
of the fuel rods in the damaged fuel assemblies or fuel debris will not cause the MPC internal
pressure to exceed the accident design pressure.

The MPC internal design pressure under accident conditions is discussed in Subsection 2.2.3.

The HI-STORM overpack and MPC external pressure is a function of environmental conditions,
which may produce a pressure loading. The normal and off-normal condition external design
pressure is set at ambient standard pressure (1 atmosphere).

The HI-STORM overpack is not capable of retaining internal pressure due to its open design, and,
therefore, no analysis is required or provided for the overpack internal pressure.

The HI-TRAC is not capable of retaining internal pressure due to its open design and, therefore,
ambient and hydrostatic pressures are the only pressures experienced. Due to the thick steel walls of
the HI-TRAC transfer cask, it is evident that the small hydrostatic pressure can be easily withstood;
no analysis is required or provided for the HI-TRAC internal pressure. However, the HI-TRAC
waterjacket does experience internal pressure due to the heat-up of the water contained in the water
jacket. Analysis is presented in Chapter 3 that demonstrates that the design pressure in Table 2.2.1
can be withstood by the water jacket and Chapter 4 demonstrates by analysis that the water jacket
design pressure will not be exceeded. To provide an additional layer of safety, a pressure relief
device set at the design pressure is provided, which ensures the pressure will not be exceeded.

2.2.1.4 Environmental Temperatures

To evaluate the long-term effects of ambient temperatures on the HI-STORM 100 System, an upper
bound value on the annual average ambient temperatures for the continental United States is used.
The normal temperature specified in Table 2.2.2 is bounding for all reactor sites in the contiguous
United States. The "normal" temperature set forth in Table 2.2.2 is intended to ensure that it is
greater than the annual average of ambient temperatures at any location in the continental United
States. In the northern region of the U.S., the design basis "normal" temperature used in this FSAR
will be exceeded only for brief periods, whereas in the southern U.S, it may be straddled daily in
summer months. Inasmuch as the sole effect of the "normal" temperature is on the computed fuel
cladding temperature to establish long-term fuel integrity, it should not lie below the time averaged
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yearly mean for the ISFSI site. Previously licensed cask systems have employed lower "normal"
temperatures (viz. 750 F in Docket 72-1007) by utilizing national meteorological data.

Likewise, within the thermal analysis, a conservatively assumed soil temperature of the value
specified in Table 2.2.2 is utilized to bound the annual average soil temperatures for the continental
United States. The 1987 ASHRAE Handbook (HVAC Systems and Applications) reports average
earth temperatures, from 0 to 10 feet below grade, throughout the continental United States. The
highest reported annual average value for the continental United States is 770 F for Key West,
Florida. Therefore, this value is specified in Table 2.2.2 as the bounding soil temperature.

Confirmation of the site-specific annual average ambient temperature and soil temperature is to be
performed by the licensee, in accordance with 10CFR72.212. The annual average temperature is
combined with insolation in accordance with IOCFR71.71 averaged over 24 hours to establish the
normal condition temperatures in the HI-STORM 100 System.

2.2.1.5 Design Temperatures

The ASME Boiler and Pressure Vessel Code (ASME Code) requires that the value of the vessel
design temperature be established with appropriate consideration for the effect of heat generation
internal or external to the vessel. The decay heat load from the spent nuclear fuel is the internal heat
generation source for the HI-STORM 100 System. The ASME Code (Section III, Paragraph NCA-
2142) requires the design temperature to be set at or above the maximum through thickness mean
metal temperature of the pressure part under normal service (Level A) condition. Consistent with the
terminology of NUREG- 1536, we refer to this temperature as the "Design Temperature for Normal
Conditions". Conservative calculations of the steady-state temperature field in the HI-STORM 100
System, under assumed environmental normal temperatures with the maximum decay heat load,
result in HI-STORM component temperatures at or below the normal condition design temperatures
for the HI-STORM 100 System defined in Table 2.2.3.

Maintaining fuel rod cladding integrity is also a design consideration. The fuel rod peak cladding
temperature (PCT) limits for the long-term storage and short-term normal operating conditions meet
the intent of the guidance in ISG-1 I, Revision 3 [2.0.8]. For moderate burnup fuel, the previously
licensed PCT limit of 570'C (1058°F) may be used [2.0.9] (see also Section 4.5).

2.2.1.6 Snow and Ice

The HI-STORM 100 System must be capable of withstanding pressure loads due to snow and ice.
ASCE 7-88 (formerly ANSI A58.1) [2.2.2] provides empirical formulas and tables to compute the
effective design pressure on the overpack due to the accumulation of snow for the contiguous U.S.
and Alaska. Typical calculated values for heated structures such as the HI-STORM 100 System
range from 50 to 70 pounds per square foot. For conservatism, the snow pressure loading is set at a
level in Table 2.2.8 which bounds the ASCE 7-88 recommendation.
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2.2.2 Off-Normal Conditions Design Criteria

As the HI-STORM 100 System is passive, loss of power and instrumentation failures are not defined
as off-normal conditions. The off-normal condition design criteria are defined in the following
subsections.

A discussion of the effects of each off-normal condition is provided in Section 11.1. Section 11.1
also provides the corrective action for each off-normal condition. The location of the detailed
analysis for each event is referenced in Section 11.1.

2.2.2.1 Pressure

The HI-STORM 100 System must withstand loads due to off-normal pressure. The off-normal
condition MPC internal design pressure bounds the cumulative effects of the maximum fill gas
volume, off-normal environmental ambient temperatures, the maximum MPC heat load, and an
assumed 10% of the fuel rods ruptured with 100% of the fill gas and 30% of the significant
radioactive gases (e.g., H3, Kr, and Xe) released in accordance with NUREG-1536.

2.2.2.2 Environmental Temperatures

The HI-STORM 100 System must withstand off-normal environmental temperatures. The off-
normal environmental temperatures are specified in Table 2.2.2. The lower bound temperature
occurs with no solar loads and the upper bound temperature occurs with steady- state insolation.
Each bounding temperature is assumed to persist for a duration sufficient to allow the system to
reach steady-state temperatures.

Limits on the peaks in the time-varying ambient temperature at an ISFSI site is recognized in the
FSAR in the specification of the off-normal temperatures. The lower bound off-normal temperature
is defined as the minimum of the 72-hour average of the ambient temperature at an ISFSI site.
Likewise, the upper bound off-normal temperature is defined by the maximum of 72-hour average of
the ambient temperature. The lower and upper bound off-normal temperatures listed in Table 2.2.2
are intended to cover all ISFSI sites in the continent U.S. The 72-hour average of temperature used
in the definition of the off-normal temperature recognizes the considerable thermal inertia of the HI-
STORM 100 storage system which reduces the effect of undulations in instantaneous temperature on
the internals of the multi-purpose canister.

2.2.2.3 Design Temperatures

In addition to the normal condition design temperatures, which apply to long-term storage and short-
term normal operating conditions (e.g., MPC drying operations and onsite transport operations), we
also define an "off-normal/accident condition temperature" pursuant to the provisions of NUREG-
1536 and Regulatory Guide 3.61. This is, in effect, the temperature, which may exist during a
transient event (examples of such instances are the overpack blocked air duct off-normal event and
fire accident). The off-normal/accident design temperatures of Table 2.2.3 are set down to bound the
maximax (maximum in time and space) value of the thru-thickness average temperature of the
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structural or non-structural part, as applicable, during the transient event. These enveloping values,
therefore, will bound the maximum temperature reached anywhere in the part, excluding skin effects
during or immediately after, a transient event.

2.2.2.4 Leakage of One Seal

The MPC enclosure vessel is designed to have no credible leakage under all normal, off-normal, and
hypothetical accident conditions of storage.

The confinement boundary is defined by the MPC shell, baseplate, MPC lid, port cover plates,
closure ring, and associated welds. Most confinement boundary welds are inspected by radiography
or ultrasonic examination. Field welds are examined by the liquid penetrant method on the root (if
more than one weld pass is required) and final weld passes. In addition to liquid penetrant
examination, the MPC lid-to-shell weld is pressure tested, and volumetrically examined or multi-
pass liquid penetrant examined. The vent and drain port cover plates are subject to liquid penetrant
examination. These inspection and testing techniques are performed to verify the integrity of the
confinement boundary.

2.2.2.5 Partial Blockage of Air Inlets

The HI-STORM 100 System must withstand the partial blockage of the overpack air inlets. This
event is conservatively defined as a complete blockage of two (2) of the four air inlets. Because the
overpack air inlets and outlets are covered by fine mesh steel screens, located 90' apart, and
inspected routinely (or alternatively, exit vent air temperature monitored), it is unlikely that all vents
could become blocked by blowing debris, animals, etc. during normal and off-normal operations.
Two of the air inlets are conservatively assumed to be completely blocked to demonstrate the
inherent thermal stability of the HI-STORM 100 System.

2.2.2.6 Off-Normal HI-TRAC Handling

During upending and/or downending of the HI-TRAC 100 or HI-TRAC 125 transfer cask, the total
lifted weight is distributed among both the upper lifting trunnions and the lower pocket trunnions.
Each of the four trunnions on the HI-TRAC therefore supports approximately one-quarter of the total
weight. This even distribution of the load would continue during the entire rotation operation. The
HI-TRAC IOOD and 125D transfer cask designs do not include pocket trunnions. Therefore, the
entire load is held by the lifting trunnions.

If the lifting device cables begin to "go slack" while upending or downending the HI-TRAC 100 or
HI-TRAC 125, the eccentricity of the pocket trunnions would immediately cause the cask to pivot,
restoring tension on the cables. Nevertheless, the pocket trunnions are conservatively analyzed to
support one-half of the total weight, doubling the load per trunnion. This condition is analyzed to
demonstrate that the pocket trunnions in the standard HI-TRAC design possess sufficient strength to
support the increased load under this off-normal condition.
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2.2.3 Environmental Phenomena and Accident Condition Design Criteria

Environmental phenomena and accident condition design criteria are defined in the following
subsections.

The minimum acceptance criteria for the evaluation of the accident conditions are that the MPC
confinement boundary maintains radioactive material confinement, the MPC fuel basket structure
maintains the fuel contents subcritical, the stored SNF can be retrieved by normal means, and the
system provides adequate shielding.

A discussion of the effects of each environmental phenomenon and accident condition is provided in
Section 11.2. The consequences of each accident or environmental phenomenon are evaluated
against the requirements of 1OCFR72.106 and 1OCFR20. Section 11.2 also provides the corrective
action for each event. The location of the detailed analysis for each event is referenced in Section
11.2.

2.2.3.1 Handling Accident

The HI-STORM 100 System must withstand loads due to a handling accident. Even though the
loaded HI-STORM 100 System will be lifted in accordance with approved, written procedures and
may use lifting equipment which complies with ANSI N 14.6-1993 [2.2.3], certain drop events are
considered herein to demonstrate the defense-in-depth features of the design.

The loaded HI-STORM overpack will be lifted so that the bottom of the cask is at a height less than
the vertical lift limit (see Table 2.2.8) above the ground. For conservatism, the postulated drop event
assumes that the loaded HI-STORM 100 overpack falls freely from the vertical lift limit height
before impacting a thick reinforced concrete pad. The deceleration of the cask must be maintained
below 45 g's. Additionally, the overpack must continue to suitably shield the radiation emitted from
the loaded MPC. The use of lifting devices designed in accordance with ANSI N14.6 having
redundant drop protection features to lift the loaded overpack will eliminate the lift height limit. The
lift height limit is dependent on the characteristics of the impacting surface, which are specified in
Table 2.2.9. For site-specific conditions, which are not encompassed by Table 2.2.9, the licensee
shall evaluate the site-specific conditions to ensure that the drop accident loads do not exceed 45 g's.
The methodology used in this alternative analysis shall be commensurate with the analyses in
Appendix 3.A and shall be reviewed by the Certificate Holder.

The loaded HI-TRAC will be lifted so that the lowest point on the transfer cask (i.e., the bottom edge
of the cask/lid assemblage) is at a height less than the calculated horizontal lift height limit (see'
Table 2.2.8) above the ground, when lifted horizontally outside of the reactor facility. For
conservatism, the postulated drop event assumes that the loaded HI-TRAC falls freely from the
horizontal lift height limit before impact.

Analysis is provided that demonstrates that the HI-TRAC continues to suitably shield the radiation
emitted from the loaded MPC, and that the HI-TRAC end plates (top lid and transfer lid for HI-
TRAC 100 and HI-TRAC 125 and the top lid and pool lid for HI-TRAC 100D and 125D) remain
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attached. Furthermore, the HI-TRAC inner shell is demonstrated by analysis to not deform
sufficiently to hinder retrieval of the MPC. The horizontal lift height limit is dependent on the
characteristics of the impacting surface, which are specified in Table 2.2.9. For site-specific
conditions, which are not encompassed by Table 2.2.9, the licensee shall evaluate the site-specific
conditions to ensure that the drop accident loads do not exceed 45 g's. The methodology used in this
alternative analysis shall be commensurate with the methodology described in this FSAR and shall
be reviewed by the Certificate Holder. The use of lifting devices designed in accordance with ANSI
N 14.6 having redundant drop protection features during horizontal lifting of the loaded HI-TRAC
outside of the reactor facilities eliminate the need for a horizontal lift height limit.

The loaded HI-TRAC, when lifted in the vertical position outside of the Part 50 facility shall be
lifted with devices designed in accordance with ANSI N 14.6 and having redundant drop protection
features unless a site-specific analysis has been performed to determine a lift height limit. For
vertical lifts of HI-TRAC with suitably designed lift devices, a vertical drop is not a credible
accident for the HI-TRAC transfer cask and no vertical lift height limit is required to be established.
Likewise, while the loaded HI-TRAC is positioned atop the HI-STORM 100 overpack for transfer of
the MPC into the overpack (outside the Part 50 facility), the lifting equipment will remain engaged
with the lifting trunnions of the HI-TRAC transfer cask or suitable restraints will be provided to
secure the HI-TRAC. This ensures that a tip-over or drop from atop the HI-STORM 100 overpack is
not a credible accident for the HI-TRAC transfer cask. The design criteria and conditions of use for
MPC transfer operations from the HI-TRAC transfer cask to the HI-STORM 100 overpack at a Cask
Transfer Facility are specified in Subsection 2.3.3.1 of this FSAR.

The loaded MPC is lowered into the HI-STORM or HI-STAR overpack or raised from the overpack
using the HI-TRAC transfer cask and a MPC lifting system designed in accordance with ANSI
N 14.6 and having redundant drop protection features. Therefore, the possibility of a loaded MPC
falling freely from its highest elevation during the MPC transfer operations into the HI-STORM or
HI-STAR overpacks is not credible.

The magnitude of loadings imparted to the HI-STORM 100 System due to drop events is heavily
influenced by the compliance characteristics of the impacted surface. Two "pre-approved" concrete
pad designs for storing the HI-STORM 100 System are presented in Table 2.2.9. Other ISFSI pad
designs may be used provided the designs are reviewed by the Certificate Holder to ensure that
impactive and impulsive loads under accident events such as cask drop and non-mechanistic tip-over
are less than the design basis limits when analyzed using the methodologies established in this
FSAR.

2.2.3.2 Tip-Over

The free-standing HI-STORM 100 System is demonstrated by analysis to remain kinematically
stable under the design basis environmental phenomena (tornado, earthquake, etc.). However, the
HI-STORM 100 overpack and MPC shall also withstand impacts due to a hypothetical tip-over
event. The structural integrity of a loaded HI-STORM 100 System after a tip-over onto a reinforced
concrete pad is demonstrated by analysis. The cask tip-over is not postulated as an outcome of any
environmental phenomenon or accident condition. The cask tip-over is a non-mechanistic event.
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The ISFSI pad for deploying a free-standing HI-STORM overpack must possess sufficient structural
stiffness to meet the strength limits set forth in the ACI Code selected by the ISFSI owner. At the
same time, the pad must be sufficiently compliant such that the maximum deceleration under a tip-
over event is below the limit set forth in Table 3.1.2 of this FSAR.

During original licensing for the HI-STORM 100 System, a single set of ISFSI pad and subgrade
design parameters (now labeled Set A) was established. Experience has shown that achieving a
maximum concrete compressive strength (at 28 days) of 4,200 psi can be difficult. Therefore, a
second set of ISFSI pad and subgrade design parameters (labeled Set B) has been developed. The
Set B ISFSI parameters include a thinner concrete pad and less stiff subgrade, which allow for a
higher concrete compressive strength. Cask deceleration values for all design basis drop and tipover
events with the HI-STORM 100, HI-STORM IOOS, and HI-STORM IOOS Version B overpacks
have been verified to be less than or equal to the design limit of 45 g's for both sets of ISFSI pad
parameters.

The original set and the new set (Set B) of acceptable ISFSI pad and subgrade design parameters are
specified in Table 2.2.9. Users may design their ISFSI pads and subgrade in compliance with either
parameter Set A or Set B. Alternatively, users may design their site-specific ISFSI pads and
subgrade using any combination of design parameters resulting in a structurally competent pad that
meets the provisions of ACI-318 and also limits the deceleration of the cask to less than or equal to
45 g's for the design basis drop and tip-over events for the HI-STORM 100, HI-STORM IOOS, and
HI-STORM IOOS Version B overpacks. The structural analyses for site-specific ISFSI pad design
shall be performed using methodologies consistent with those described in this FSAR, as applicable.

If the HI-STORM 100 System is deployed in an anchored configuration (HI-STORM 1O0A), then
tip-over of the cask is structurally precluded along with the requirement of target compliance, which
warrants setting specific limits on the concrete compressive strength and subgrade Young's
Modulus. Rather, at the so-called high seismic sites (ZPAs greater than the limit set forth in the CoC
for free standing casks), the ISFSI pad must be sufficiently rigid to hold the anchor studs and
maintain the integrity of the fastening mechanism embedded in the pad during the postulated seismic
event. The ISFSI pad must be designed to minimize a physical uplift during extreme environmental
event (viz., tornado missile, DBE, etc.). The requirements on the ISFSI pad to render the cask
anchoring function under long-term storage are provided in Section 2.0.4.

2.2.3.3 Fire

The possibility of a fire accident near an ISFSI site is considered to be extremely remote due to the
absence of significant combustible materials. The only credible concern is related to a transport
vehicle fuel tank fire engulfing the loaded HI-STORM 100 overpack or HI-TRAC transfer cask
while it is being moved to the ISFSI.

The HI-STORM 100 System must withstand temperatures due to a fire event. The HI-STORM
overpack and HI-TRAC transfer cask fire accidents for storage are conservatively postulated to be
the result of the spillage and ignition of 50 gallons of combustible transporter fuel. The HI-STORM
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overpack and HI-TRAC transfer cask surfaces are considered to receive an incident radiation and
forced convection heat flux from the fire. Table 2.2.8 provides the fire durations for the HI-STORM
overpack and HI-TRAC transfer cask based on the amount of flammable materials assumed. The
temperature of fire is assumed to be 1475' F in accordance with 1OCFR71.73.

The accident condition design temperatures for the HI-STORM 100 System, and the fuel rod
cladding limits are specified in Table 2.2.3. The specified fuel cladding temperature limits are based
on the temperature limits specified in ISG- 11, Rev. 3 [2.0.9].

2.2.3.4 Partial Blockage of MPC Basket Vent Holes

The HI-STORM 100 System is designed to withstand reduction of flow area due to partial blockage
of the MPC basket vent holes. As the MPC basket vent holes are internal to the confinement barrier,
the only events that could partially block the vents are fuel cladding failure and debris associated
with this failure, or the collection of crud at the base of the stored SNF assembly. The HI-STORM
100 System maintains the SNF in an inert environment with fuel rod cladding temperatures below
accepted values (Table 2.2.3). Therefore, there is no credible mechanism for gross fuel cladding
degradation during storage in the HI-STORM 100. For the storage of damaged BWR fuel assemblies
or fuel debris, the assemblies and fuel debris will be placed in damaged fuel containers prior to
placement in the MPC. The damaged fuel container is equipped with fine mesh screens which ensure
that the damaged fuel and fuel debris will not escape to block the MPC basket vent holes. In
addition, each MPC will be loaded once for long-term storage and, therefore, buildup of crud in the
MPC due to numerous loadings is precluded. Using crud quantities reported in an Empire State
Electric Energy Research Corporation Report [2.2.6], a layer of crud of conservative depth is
assumed to partially block the MPC basket vent holes. The crud depths for the different MPCs arb
listed in Table 2.2.8.

2.2.3.5 Tornado

The HI-STORM 100 System must withstand pressures, wind loads, and missiles generated by a
tornado. The prescribed design basis tornado and wind loads for the HI-STORM 100 System are
consistent with NRC Regulatory Guide 1.76 [2.2.7], ANSI 57.9 [2.2.8], and ASCE 7-88 [2.2.2].
Table 2.2.4 provides the wind speeds and pressure drops which the HI-STORM 100 overpack must
withstand while maintainingkinematic stability. The pressure drop is bounded by the accident
condition MPC external design pressure.

The kinematic stability of the HI-STORM overpack, and continued integrity of the MPC
confinement boundary, while within the storage overpack or HI-TRAC transfer cask, must be
demonstrated under impact from tornado-generated missiles in conjunction with the wind loadings.
Standard Review Plan (SRP) 3.5.1.4 of NUREG-0800 [2.2.9] stipulates that the postulated missiles
include at least three objects: a massive high kinetic energy missile that deforms on impact (large
missile); a rigid missile to test penetration resistance (penetrant missile); and a small rigid missile of
a size sufficient to pass through any openings in the protective barriers (micro-missile). SRP 3.5.1.4
suggests an automobile for a large missile, a rigid solid steel cylinder for the penetrant missile, and a
solid sphere for the small rigid missile, all impacting at 35% of the maximum horizontal wind. speed
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of the design basis tornado. Table 2.2.5 provides the missile data used in the analysis, which is based
on the above SRP guidelines. The effects of a large tornado missile are considered to bound the
effects of a light general aviation airplane crashing on an ISFSI facility.

During horizontal handling of the loaded HI-TRAC transfer cask outside the Part 50 facility, tornado
missile protection shall be provided to prevent tornado missiles from impacting either end of the HI-
TRAC. The tornado missile protection shall be designed such that the large tornado missile cannot
impact the bottom or top of the loaded HI-TRAC, while in the horizontal position. Also, the missile
protection for the top of the HI-TRAC shall be designed to preclude the penetrant missile and micro-
missile from passing through the penetration in the HI-TRAC top lid, while in the horizontal
position. With the tornado missile protection in place, the impacting of a large tornado missile on
either end of the loaded HI-TRAC or the penetrant missile or micro-missile entering the penetration
of the top lid is not credible. Therefore, no analyses of these impacts are provided.

2.2.3.6 Flood

The HI-STORM 100 System must withstand pressure and water forces associated with a flood.
Resultant loads on the HI-STORM 100 System consist of buoyancy effects, static pressure loads,
and velocity pressure due to water velocity. The flood is assumed to deeply submerge the HI-
STORM 100 System (see Table 2.2.8). The flood water depth is based on the hydrostatic pressure
which is bounded by the MPC external pressure stated in Table 2.2.1.

It must be shown that the MPC does not collapse, buckle, or allow water in-leakage under the
hydrostatic pressure from the flood.

The flood water is assumed to be nonstagnant. The maximum allowable flood water velocity is
determined by calculating the equivalent pressure loading required to slide or tip over the HI-
STORM 100 System. The design basis flood water velocity is stated in Table 2.2.8. Site-specific
safety reviews by the licensee must confirm that flood parameters do not exceed the flood depth,
slide, or tip-over forces.

If the flood water depth exceeds the elevation of the top of the HI-STORM overpack inlet vents, then
the cooling air flow would be blocked. The flood water may also carry debris which may act to block
the air inlets of the overpack. Blockage of the air inlets is addressed in Subsection 2.2.3.13.

Most reactor sites are hydrologically characterized as required by Paragraph 100. 10(c) of 1 OCFR 100
and further articulated in Reg. Guide 1.59, "Design Basis Floods for Nuclear Power Plants" and Reg.
Guide 1.102, "Flood Protection for Nuclear Power Plants." It is assumed that a complete
characterization of the ISFSI's hydrosphere including the effects of hurricanes, floods, seiches and
tsunamis is available to enable a site-specific evaluation of the HI-STORM 100 System for
kinematic stability. An evaluation for tsunamist for certain coastal sites should also be performed to

t A tsunami is an ocean wave from seismic or volcanic activity or from submarine landslides. A tsunami may be
the result of nearby or distant events. A tsunami loading may exist in combination with wave splash and spray,
storm surge and tides.
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demonstrate that sliding or tip-over will not occur and that themaximum flood depth will not be
exceeded.

Analysis for each site for such transient hydrological loadings must be made for that site. It is
expected that the plant licensee will perform this evaluation under the provisions of 1 OCFR72.212.

2.2.3.7 Seismic Design Loadings

The HI-STORM 100 System must withstand loads arising due to a seismic event and must be shown
not to tip over during a seismic event. Subsection 3.4.7 contains calculations based on conservative
static "incipient tipping" calculationswhich demonstrate static stability. The calculations in Section
3.4.7 result in the values reported in Table 2.2.8, which provide the maximum horizontal zero period
acceleration (ZPA) versus vertical acceleration multiplier above which static incipient tipping would
occur. This conservatively assumes the peak acceleration values of each of the two horizontal
earthquake components and the vertical component occur simultaneously. The maximum horizontal
ZPA provided in Table 2.2.8 is the vector sum of two horizontal earthquakes.

For anchored casks, the limit on zero period accelerations is set by the structural capacity of the
sector lugs and anchoring studs. Table 2.2.8 provides the limits for HI-STORM 100A for the
maximum vector sum of two horizontal earthquake peak ZPA's along with the coincident limit on
the vertical ZPA.

2.2.3.8 100% Fuel Rod Rupture

The HI-STORM 100 System must withstand loads due to 100% fuel rod rupture. For conservatism,
100 percent of the fuel rods are assumed to rupture with 100 percent of the fill gas and 30% of the
significant radioactive gases (e.g., H3, Kr, and Xe) released in accordance with NUREG-1536. All
of the fill gas contained in non-fuel hardware, such as Burnable Poison Rod Assemblies (BPRAs) is
also assumed to be released in analyzing this event.

2.2.3.9 Confinement Boundary Leakage

No credible scenario has been identified that would cause failure of the confinement system. Section
7.1 provides a discussion as to why leakage of any magnitude from the MPC is not credible, based
on the materials and methods of fabrication and inspection.

2.2.3.10 Explosion

The HI-STORM 100 System must withstand loads due to an explosion. The accident condition MPC
external pressure and overpack pressure differential specified in Table 2.2.1 bounds all credible
external explosion events. There are no credible internal explosive events since all materials are
compatible with the various operating environments, as discussed in Section 3.4.1, or appropriate
preventive measures are taken to preclude internal explosive events (see Section 1.2.1.3.1.1). The
MPC is composed of stainless steel, neutron absorber material, and prior to CoC Amendment 2,
possibly optional aluminum alloy 1100 heat conduction elements. For these materials, and
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considering the protective measures taken during loading and unloading operations there is no
credible internal explosive event.

2.2.3.11 Lightning

The HI-STORM 100 System must withstand loads due to lightning. The effect of lightning on the
HI-STORM 100 System is evaluated in Chapter 11.

2.2.3.12 Burial Under Debris

The HI-STORM 100 System must withstand burial under debris. Such debris may result from
floods, wind storms, or mud slides. Mud slides, blowing debris from a tornado, or debris in flood
water may result in duct blockage, which is addressed in Subsection 2.2.3.13. The thermal effects of
burial under debris on the HI-STORM 100 System is evaluated in Chapter 11. Siting of the ISFSI
pad shall ensure that the storage location is not located near shifting soil. Burial under debris is a
highly unlikely accident, but is analyzed in this FSAR.

2.2.3.13 100% Blockage of Air Inlets

For conservatism, this accident is defined as a complete blockage of all four bottom air inlets. Such a
blockage may be postulated to occur during accident events such as a flood or tornado with blowing
debris. The HI-STORM 100 System must withstand the temperature rise as a result of 100%
blockage of the air inlets and outlets. The fuel cladding temperature must be shown to remain below
the off-normal/accident temperature limit specified in Table 2.2.3.

2.2.3.14 Extreme Environmental Temperature

The HI-STORM 100 System must withstand extreme environmental temperatures. The extreme
accident level temperature is specified in Table 2.2.2. The extreme accident level temperature occurs
with steady-state insolation. This temperature is assumed to persist for a duration sufficient to allow
the system to reach steady-state temperatures. The HI-STORM overpack and MPC have a large
thermal inertia. Therefore, this temperature is assumed to persist over three days (3-day average).

2.2.3.15 Bounding Hydraulic, Wind, and Missile Loads for HI-STORM IOOA

In the anchored configuration, the HI-STORM 100A System is clearly capable of withstanding much
greater lateral loads than a free-standing overpack. Coastal sites in many areas of the world,
particularly the land mass around the Pacific Ocean, may be subject to severe fluid inertial loads.
Several publications [2.2.10, 2.2.11] explain and quantify the nature and source of such
environmental hazards.

It is recognized that a lateral fluid load may also be accompanied by an impact force from a fluid
borne missile (debris). Rather than setting specific limits for these loads on an individual basis, a
limit on the static overturning base moment on the anchorage is set. This bounding overturning
moment is given in Table 2.2.8 and is set at a level that ensures that structural safety margins on the
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sector lugs and on the anchor studs are essentially equal to the structural safety margins of the same
components under the combined effect of the net horizontal and vertical seismic load limits in Table
2.2.8.The ISFSI owner bears the responsibility to establish that the lateral hydraulic, wind, and
missile loads at his ISFSI site do not yield net overturning moments, when acting separately or
together, that exceed the limit value in Table 2.2.8. If loadings are increased above those values for
free-standing casks, their potential effect on the other portions of the cask system must be
considered.

2.2.4 Applicability of Governing Documents

The ASME Boiler and Pressure Vessel Code (ASME Code), 1995 Edition, with Addenda through
1997 [2.2.1], is the governing code for the structural design of the MPC, the metal structure of the
HI-STORM 100 overpack, and the HI-TRAC transfer cask, except for Sections V and IX. The latest
effective editions of ASME Section V and IX may be used, provided a written reconciliation of the
later edition against the 1995 Edition, including addenda, is performed by the certificate holder. The
MPC enclosure vessel and fuel basket are designed in accordance with Section III, Subsections NB
Class I and NG Class 1, respectively. The metal structure of the overpack and the HI-TRAC transfer
cask are designed in accordance with Section III, Subsection NF Class 3. The ASME Code is applied
to each component consistent with the function of the component.

ACI 349 is the governing code for the plain concrete in the HI-STORM 100 overpack. ACI 318-95
is the applicable code utilized to determine the allowable compressive strength of the plain concrete
credited during structural analysis. Appendix 1 .D provides the sections of ACI 349 and ACI 318-95
applicable to the plain concrete.

Table 2.2.6 provides a summary of each structure, system and component (SSC) of the HI-STORM
100 System that is identified as important to safety, along with its function and governing Code.
Some components perform multiple functions and in those cases, the most restrictive Code is
applied. In accordance with NUREG/CR-6407, "Classification of Transportation Packaging and Dry
Spent Fuel Storage System Components", and according to importance to safety, components of the
HI-STORM 100 System are classified as A, B, C, or NITS (not important to safety) in Table 2.2.6.
Section 13.1 provides the criteria used to classify each item. The classification of necessary auxiliary
equipment is provided in Table 8.1.6.

Table 2.2.7 lists the applicable governing Code for material procurement, design, fabrication and
inspection of the components of the HI-STORM 100 System. The ASME Code section listed in the
design column is the section used to define allowable stresses for structural analyses.

Table 2.2.15 lists the alternatives to the ASME Code for the HI-STORM 100 System and the
justification for those alternatives.

The MPC enclosure vessel and certain fuel basket designs utilized in the HI-STORM 100 System are
identical to the MPC components described in the SARs for the HI-STAR 100 System for storage
(Docket 72-1008) and transport (Docket 71-9261). To avoid unnecessary repetition of the large
numbers of stress analyses, this document refers to those SARs, as applicable, if the MPC loadings
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for storage in the HI-STORM 100 System do not exceed those computed in the HI-STAR
documents. Many of the loadings in the HI-STAR applications envelope the HI-STORM loadings on
the MPC, and, therefore, a complete re-analysis of the MPC is not provided in the FSAR. Certain
individual MPC analyses may have been required to license a particular MPC fuel basket design for
HI-STORM that was not previously licensed for HI-STAR. These unique analyses are summarized
in the appropriate location in this FSAR.

Table 2.2.16 provides a summary comparison between the loading elements. Table 2.2.16 shows that
most of the loadings remain unchanged and several are less than the HI-STAR loading conditions. In
addition to the magnitude of the loadings experienced by the MPC, the application of the loading
must also be considered. Therefore, it is evident from Table 2.2.16 that the MPC stress limits can be
ascertained to be qualified a priori if the HI-STAR analyses and the thermal loadings under HI-
STORMstorage are not more severe compared to previously analyzed HI-STAR conditions. In the
analysis of each of the normal, off-normal, and accident conditions, the effect on the MPC is
evaluated and compared to the corresponding condition analyzed in the HI-STAR 100 System SARs
[2.2.4 and 2.2.5]; If the HI-STORM loading is greater than the HI-STAR loading or the loading is
applied differently, the analysis of its effect on the MPC is evaluated in Chapter 3.

2.2.5 Service Limits

In the ASME Code, plant and system operating conditions are commonly referred to as normal,
upset, emergency, and faulted. Consistent with the terminology in NRC documents, this FSAR
utilizes the terms normal, off-normal, and accident conditions.

The ASME Code defines four service conditions in addition to the Design Limits for nuclear
components. They are referred to as Level A, Level B, Level C, and Level D service limits,
respectively. Their definitions are provided in Paragraph NCA-2142.4 of the ASME Code. The four
levels are used in this FSAR as follows:

a. Level A Service Limits: Level A Service Limits are used to establish allowables for
normal condition load combinations.

b. Level B Service Limits: Level B Service Limits are used to establish allowables for

off-normal condition load combinations.

c. Level C Service Limits: Level C Service Limits are not used.

d. Level D Service Limits: Level D Service Limits are used to establish allowables for
accident condition load combinations.

The ASME Code service limits are used in the structural analyses for definition of allowable stresses
and allowable stress intensities. Allowable stresses and stress intensities for structural analyses are
tabulated in Chapter 3. These service limits are matched with normal, off-normal, and accident
condition loads combinations in the following subsections.
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The MPC confinement boundary is required to meet Section III, Class 1, Subsection NB stress
intensity limits. Table 2.2.10 lists the stress intensity limits for the Levels A, B, C, and D service
limits for Class 1 structures extracted from the ASME Code (1995 Edition). The limits for the MPC
fuel basket, required to meet the stress intensity limits of Subsection NG of the ASME Code, are
listed in Table 2.2.11. Table 2.2.12 lists allowable stress limits for the steel structure of the HI-
STORM overpack and HI-TRAC which are analyzed to meet the stress limits of Subsection NF,
Class 3. Only service levels A, B, and D requirements, normal, off-normal, and accident conditions,
are applicable.

2.2.6 Loads

Subsections 2.2.1, 2.2.2, and 2.2.3 describe the design criteria for normal, off-normal, and accident
conditions, respectively. Table 2.2.13 identifies the notation for the individual loads that require
consideration. The individual loads listed in Table 2.2.13 are defined from the design criteria. Each
load is assigned a symbol for subsequent use in the load combinations.

The loadings listed in Table 2.2.13 fall into two broad categories; namely,.(i) those that primarily
affect kinematic stability, and (ii) those that produce significant stresses. The loadings in the former
category are principally applicable to the overpack. Tornado wind (W'), earthquake (E), and
tornado-borne missile (M) are essentially loadings which can destabilize a cask. Analyses reported in
Chapter 3 show that the HI-STORM 100 overpack structure will remain kinematically stable under
these loadings. Additionally, for the missile impact case (M), analyses that demonstrate that the
overpack structure remains unbreached by the postulated missiles are provided in Chapter 3.

Loadings in the second category produce global stresses that must be shown to comply with the
stress intensity or stress limits, as applicable. The relevant loading combinations for the fuel basket,
the MPC, the HI-TRAC and the HI-STORM overpack are different because of differences in their
function. For example, the fuel basket does not experience a pressure loading because it is not a
pressure vessel. The specific load coinbination for each component is specified in Subsection 2.2.7.

2.2.7 Load Combinations

To demonstrate compliance with the design requirements for normal, off-normal, and accident
conditions of storage, the individual loads, identified in Table 2.2.13, are combined into load
combinations. In the formation of the load combinations, it is recognized that the number of
combinations requiring detailed analyses is reduced by defining bounding loads. Analyses performed
using bounding loads serve to satisfy the requirements for analysis of a multitude of separately
identified loads in combination.

For example, the values established for internal and external pressures (Pi and Po) are defined such
that they bound other surface-intensive loads, namely snow (S), tornado wind (W'), flood (F), and
explosion (E*). Thus, evaluation of pressure in a load combination established for a given storage
condition enables many individual load effects to be included in a single load combination.
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Table 2.2.14 identifies the combinations of the loads that are required to be considered in order to
ensure compliance with the design criteria set forth in this chapter. Table 2.2.14 presents the load
combinations in terms of the loads that must be considered together. A number of load combinations
are established for each ASME Service Level. Within each loading case, there may be more than one
analysis that is required to demonstrate compliance. Since the breakdown into specific analyses is
most applicable to the structural evaluation, the identification of individual analyses with the
applicable loads for each load combination is found in Chapter 3. Table 3.1.3 through 3.1.5 define
the particular evaluations of loadings that demonstrate compliance with the load combinations of
Table 2.2.14.

For structural analysis purposes, Table 2.2.14 serves as an intermediate classification table between
the definition of the loads (Table 2.2.13 and Section 2.2) and the detailed analysis combinations
(Tables 3.1.3 through 3.1.5).

Finally, it should be noted that the load combinations identified in NUREG-1536 are considered as
applicable to the HI-STORM 100 System. The majority of load combinations in NUREG-1536 are
directed toward reinforced concrete structures. Those load combinations applicable to steel
structures are directed toward frame structures. As stated inNUREG-1536, Page 3-35 of Table 3-1,
"Table 3-1 does not apply to the analysis of confinement casks and other components designed in
accordance with Section III of the ASME B&PV Code." Since the HI-STORM 100 System is a
metal shell structure, with concrete primarily employed as shielding, the load combinations of
NUREG-1536 are interpreted within the confines and intent of the ASME Code.

2.2.8 Allowable Stresses

The stress intensity limits for the MPC confinement boundary for the design condition and the
service conditions are provided in Table 2.2.10. The MPC confinement boundary stress intensity
limits are obtained from ASME Code, Section III, Subsection NB. The stress intensity limits for the
MPC fuel basket are presented in Table 2.2.11 (governed by Subsection NG of Section III). The steel
structure of the overpack and the HI-TRAC meet the stress limits of Subsection NF of ASME Code,
Section III for plate and shell components. Limits for the Level D condition are obtained from
Appendix F of ASME Code, Section III for the steel structure of the overpack. The ASME Code is
not applicable to the HI-TRAC transfer cask for accident conditions, service level D conditions. The
HI-TRAC transfer cask has been shown by analysis to not deform sufficiently to apply a load to the
MPC, have any shell rupture, or have the top lid, pool lid, or transfer lid (as applicable) detach.

The following definitions of terms apply to the tables on stress intensity limits; these definitions are
the same as those used throughout the ASME Code:

Sm: Value of Design Stress Intensity listed in ASME Code Section II, Part D, Tables 2A,

2B and 4

Sy: Minimum yield strength at temperature

SU: Minimum ultimate strength at temperature
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Table 2.2.1

DESIGN PRESSURES

Pressure Location Condition Pressure (psig)

MPC Internal Pressure Normal 100

Off-Normal 110

Accident 200

MPC External Pressure Normal (0) Ambient

Off-Normal (0) Ambient

Accident 60

Overpack External Pressure Normal (0) Ambient

Off-Normal (0) Ambient

10 (differential pressure for
1 second maximum)t

Accident or
5 (differential pressure
steady state)

HI-TRAC Water Jacket Normal 60

Off-normal 60

N/A
(Under accident

Accident conditions, the water jacket
is assumed to have lost all
water thru the pressure
relief valves)

t The overpack is also qualified to sustain without tip-over a lateral impulse load of 60 psi (differential pressure for
85 milliseconds maximum) [3.4.5].
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Table 2.2.2

ENVIRONMENTAL TEMPERATURES

Condition I Temperature (°T) Comments
HI-STORM 100 Overpack

Normal Ambient
(Bounding Annual 80
Average)

Normal Soil Temperature
(Bounding Annual 77
Average)

Off-Normal Ambient -40'F with no insolation
(3-Day Average) -40 and 100

100°F with insolation

Extreme Accident Level 125 0F with insolation starting at
Ambient (3-Day Average) 125 steady-state off-normal high

environment temperature

HI-TRAC Transfer Cask

Normal (Bounding Annual 100
Average)

Off-Normal 00 F with no insolation
(3-Day Average) 0 and 100

100' F with insolation

Note:

1. Handling operations with the loaded HI-STORM overpack and HI-TRAC transfer cask are
limited to working area ambient temperatures greater than or equal to 0°F as specified in
Subsection 2.2.1.2.
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Table 2.2.3

DESIGN TEMPERATURES

Long Term, Normal Off-Normal and

Condition Design Accident Condition

HI-STORM 100 Component Temperature Limits Temperature Limits

(Long-Term Events) (Short-Term

(0 F) Events)t
(o__F)_( 0 F)

MPC shell 500 775
MPC basket 725 950
MPC Neutron Absorber 800 950
MPC lid 550 775
MPC closure ring 400 775
MPC baseplate 400 775
MPC Heat Conduction Elements 725 950
HI-TRAC inner shell 400 600

HI-TRAC pool lid/transfer lid 350 700
HI-TRAC top lid 400 700
HI-TRAC top flange 400 700
HI-TRAC pool lid seals 350 N/A
HI-TRAC bottom lid bolts 350 700
HI-TRAC bottom flange 350 700
HI-TRAC top lid neutron shielding 300 350
HI-TRAC radial neutron shield 307 N/A
HI-TRAC radial lead gamma shield 350 600
Remainder of HI-TRAC 350 700

752 or 1058
(Short Term

Operations)tt
Fuel Cladding 752

1058
(Off-normal and

Accident Conditions)
Overpack outer shell 350 600
Overpack concrete 300 350

Overpack inner shell 350 400
Overpack Lid Top and Bottom Plate 450 550

For accident conditions that involve heating of the steel structures and no mechanical loading (such as the blocked

air duct accident), the permissible metal temperature of the steel parts is defined by Table I A of ASME Section II
(Part D) for Section III, Class 3 materials as 7000 F. For the ISFSI fire event, the maximum temperature limit for
ASME Section I equipment is appropriate (850°F in Code Table IA).
Normal short term operations includes MPC drying and onsite transport per Reference [2.0.8]. The 1058°F
temperature limit applies to MPCs containing all moderate burnup fuel as discussed in Reference [2.0.9]. The limit
for MPCs containing one or more high burnup fuel assemblies is 752'F. See also Section 4.3.
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Table 2.2.3 (continued)

DESIGN TEMPERATURES

Long Term, Normal Off-Normal and

Condition Design Accident Condition

HI-STORM 100 Component Temperature Limits Temperature Limits

(Long-Term Events) (Short-Term
(0 F) Events)t
(o F) (o F)

Remainder of overpack steel 350 400
structure I I _I
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Table 2.2.4

TORNADO CHARACTERISTICS

Condition Value

Rotational wind speed (mph) 290

Translational speed (mph) " 70

Maximum wind speed (mph) 360

Pressure drop (psi) 3.0
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Table 2.2.5

TORNADO-GENERATED MISSILES

Missile Description Mass (kg) Velocity (mph)

Automobile 1800 126

Rigid solid steel cylinder 125 126
(8 in. diameter)

Solid sphere 0.22 126
(1 in. diameter) 0
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
MPC 11 21

Codes/Standards
Primary Function Component (3) Safety (as/andards Special Surface Contact Matl.Class (4) (as applicable to Material Strength ( ksi) Finish/Coating (if dissimilar)

___________________ ________ component)_________________
Confinement Shell A ASME Section Ill; Alloy X (5) See Appendix l.A NA NA

Subsection NB
Confinement Baseplate A ASME Section III; Alloy X See Appendix l.A NA NA

Subsection NB
Confinement Lid (One-piece design and A ASME Section III; Alloy X See Appendix 1.A NA NA

top portion of optional two- Subsection NB
piece design)

Confinement Closure Ring A ASME Section III; Alloy X See Appendix 1.A NA NA
Subsection NB

Confinement Port Cover Plates A ASME Section III; Alloy X See Appendix L.A NA NA
Subsection NB

Criticality Control Basket Cell Plates A ASME Section III; Alloy X See Appendix 1.A NA NA
Subsection NG
core support
structures (NG-
1121)

Criticality Control Neutron Absorber A Non-code NA NA NA Aluminum/SS
Shielding Drain and Vent Shield C Non-code Alloy X See Appendix I.A NA NA

Block

Shielding Plugs for Drilled Holes NITS Non-code SA 193B8 See Appendix L.A NA NA
(or

equivalent)

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) For details on Alloy X material, see Appendix l.A.
6) Must be Type 304, 304LN, 316, or 316 LN with tensile strength > 75 ksi, yield strength > 30 ksi and chemical properties per ASTM A554.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
MPC ('2)

Codes/Standards
oComponen Clas (4) (as applicable to Material Strength ( ksi) Special Surface Contact Matr.PrmrCucinlopnn 3 ass' omonnt Finish/Coating ( if dissimilar)component)

Shielding Bottom portion of
optional two-piece MPC B Non-code Alloy X See Appendix NA NA
lid design 1.A

Structural Integrity Upper Fuel Spacer Column B ASME Section III; Alloy X See Appendix 1.A NA NA
Subsection NG
(only for stress
analysis)

Structural Integrity Sheathing A Non-code Alloy X See Appendix L.A Aluminum/SS NA
Structural Integrity Shims NITS Non-code Alloy X See Appendix L.A NA NA

(shims, welded
directly to angle or

parallel plate
basket supports, are
ASME Section 11)

Structural Integrity Basket Supports (Angled A ASME Section III; Alloy X See Appendix 1.A NA NA
Plate or Parallel Plates with Subsection NG
connecting end shim) internal structures

,(NG- 1122)
Structural Form Basket Supports (Flat NITS Non-Code Alloy X See Appendix L.A NA NA

Plates) I
Structural Integrity Lift Lug C NUREG-0612 Alloy X See Appendix LA NA NA
Structural Integrity Lift Lug Baseplate C Non-code Alloy X See Appendix LA NA NA

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) For details on Alloy X material, see Appendix 1.A.
6) Must be Type 304, 304LN, 316, or 316 LN with tensile strength > 75 ksi, yield strength > 30 ksi and chemical properties per ASTM A554.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
MPC 11,21

Codes/Standards
(3) Safety Special Surface Contact Matt.

Primary Function Component Class(4) (as applicable to Matenial Strength ( ksi) Finish/Coating if dissimilar)
component) _iih/otng (ifdsimlr

Structural Integrity Upper Fuel Spacer Bolt NITS Non-code A193-B8 Per ASME Section NA NA
(or equiv.) II

Structural Integrity Upper Fuel Spacer End B Non-code Alloy X See Appendix l.A NA NA
Plate

Structural Integrity Lower Fuel Spacer Column B ASME Section III; Stainless See Appendix I.A NA NA
Subsection NG Steel. See
(only for stress Note 6
analysis)

Structural Integrity Lower Fuel Spacer End B Non-code Alloy X See Appendix I.A NA NA
Plate

Structural Integrity Vent Shield Block Spacer C Non-code Alloy X See Appendix I.A NA NA

Operations Vent and Drain Tube C Non-code S/S Per ASME Section Thread area NA
II surface hardened

Operations Vent & Drain Cap C Non-code S/S Per ASME Section NA NA
II

Operations Vent & Drain Cap Seal NITS Non-code Aluminum NA NA Aluminum/SS
Washer

Operations Vent & Drain Cap Seal NITS Non-code Aluminum NA NA NA
Washer Bolt

Operations Reducer NITS Non-code Alloy X See Appendix I.A NA NA
Operations Drain Line NITS Non-code Alloy X See Appendix I.A NA NA

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) For details on Alloy X material, see Appendix l.A.
6) Must be Type 304, 304LN, 316, or 316 LN with tensile strength > 75 ksi, yield strength > 30 ksi and chemical properties per ASTM A554.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
MPC (1.21

Codes/Standards
Primary Function Component (3) Safety Special Surface Contact Matl.

Class (4) (as applicable to Material Strength ( ksi) Finish/Coating (if dissimilar)component)

Operations Damaged Fuel Container C ASME Section III; S/S See Appendix L.A NA NA
Subsection NG (Primarily

304 S/S)
Operations Drain Line Guide Tube NITS Non-code S/S NA NA NA

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) For details on Alloy X material, see Appendix 1.A.
6) Must be Type 304, 304LN, 316, or 316 LN with tensile strength > 75 ksi, yield strength > 30 ksi and chemical properties per ASTM A554.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK (1,2)

Codes/Standards
() Safety CdsSaarsSpecial Surface Contact Matl.

Primary Function Component 3) Class a ( as applicable to Material Strength ( ksi) Speial Sf Contac a
component) Finish/Coating (if dissimilar)

Shielding Radial Shield B ACI 349, App. I.D Concrete See Table 1.D.1 NA NA
Shielding Shield Block Ring (100) B See Note 6 SA516-70 See Table 3.3.2 See Note 5 NA

Shielding Lid Shield Ring (IOOS and B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
IOOS Version B) and Subsection NF or
Shield Block Shell (I OOS) SA515-70

(SA515-70
not
permitted
for IOOS
Version B)

Shielding Shield Block Shell (100) B See Note 6 SA516-70 See Table 3.3.2 See Note 5 NA
or
SA515-70

Shielding Pedestal Shield B ACI 349, App. 1-D Concrete See Table 1.D.I NA NA
Shielding Lid Shield B ACI 349, App. 1-D Concrete See Table I.D.1 NA NA
Shielding Shield Shell (eliminated B See Note 6 SA516-70 See Table 3.3.2 NA NA

from design 6/01)
Shielding Shield Block B ACI 349, App. I-D Concrete See Table I.D.1 NA NA
Shielding Gamma Shield Cross C Non-code SA240-304 NA NA NA

Plates & Tabs I I _ I I

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bills of Material and drawings in Chapter 1. All components are "as applicable" based in the overpack
drawing/BOM unless otherwise noted.

4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5), All exposed steel surfaces (except threaded holes) to be painted with Thennaline 450 or equivalent to the extent practical.
6) Welds will meet AWS DI.1 requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX

may be substituted.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

HI-STORM FSAR
REPORT HI-2002444

Rev. 5
2.2-28

HI-STORM 100 Rev. 5 - 6/21/07



TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK 1

1
.2)

Codes/Standards
Primary Function Component (3) Safety (as applicable to Material Strength ( ksi) Special Surface Contact Matl.

Class (4) c o t) ______Finish/Coating (if dissimilar)

Structural Integrity Baseplate B ASME Section III; SA516-70 See Table 3.3.3 See Note 5 NA
Subsection NF

Structural Integrity Outer Shell B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Inner Shell B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Concrete Form Pedestal Shell B See Note 6 SA516-70 See Table 3.3.2 See Note 5 NA
Concrete Form Pedestal Plate (100) B See Note 6 SA516-70 See Table 3.3.2 See Table 3.3.2 NA

Pedestal Baseplate (100S) or
SA515-70

Structural Integrity Lid Bottom Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Lid Shell B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Inlet Vent Vertical & B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Horizontal Plates Subsection NF

Thermal Exit Vent Horizontal Plate B See Note 6 SA516-70 See Table 3.3.2 See Note 5 NA
(100) 1

Thermal Exit Vent Vertical/Side B See Note 6 SA516-70 See Table 3.3.2 See Note 5 NA
Plate or

SA515-70

Notes: I) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section HI and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bills of Material and drawings in Chapter 1. All components are "as applicable" based in the overpack
drawing/BOM unless otherwise noted.

4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All exposed steel surfaces (except threaded holes) to be painted with Thermaline 450 or equivalent to the extent practical.
6) Welds will meet AWS Dl. 1 requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX

may be substituted.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK (1,2)

Codes/Standards
Primary Function Component (3) Safety Special Surface Contact Matd.Class (4) ( as applicable to Material Strength ( ksi) Finish/Coating if dissimilar)

component) Finish/Coating_(_ifdissimilar)Thermal Heat Shield B N/A C/S N/A See Note 5 N/A

Thermal Heat Shield Ring B N/A C/S N/A See Note 5 N/A

Structural Integrity Top Plate, including shear B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
ring Subsection NF

Structural Integrity Lid Top (Cover) Plate, B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
including shear ring (100 Subsection NF
and 100S)

Structural Integrity Radial Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Lid Stud & Nut B ASME Section II SA564-630 See Table 3.3.4 Threads to have NA
or cadmium coating
SA 193-B7 (or similar
(stud) lubricant for
SA 194-2H corrosion
(nut) protection)

Structural Integrity IOOS Lid Washer B Non-Code SA240-304 Per ASME NA NA
Section II

Structural Integrity Bolt Anchor Block B ASME Section III; SA350-LF3, See Table 3.3.3 See Note 5 NA
Subsection NF SA350-LF2,
ANSI N14.6 or SA203E

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section LX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section Il1.

3) Component nomenclature taken from Bills of Material and drawings in Chapter 1. All components are "as applicable" based in the overpack
drawing/BOM unless otherwise noted.

4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All exposed steel surfaces (except threaded holes) to be painted with Thermaline 450 or equivalent to the extent practical.
6) Welds will meet AWS Dl. I requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX

may be substituted.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR
REPORT HI-2002444

Rev. 5
2.2-30

HI-STORM 100 Rev. 5 - 6/21/07



TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK 1

1,21

Codes/Standards
() Safety CdsSaarsSpecial Surface Contact Mail.

Primary Function Component (3) Casst' ( as applicable to Material Strength ( ksi) Speial SurfaceiConac a
component) Finish/Coating (if dissimilar)

Structural Integrity Channel B ASME Section II1; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF (galvanized) or Table 3.3.1

or
SA240-304

Structural Integrity Channel Mounts B ASME Section 11; A36 or Per ASME See Note 5 NA
Subsection NF equivalent Section II

Shielding Pedestal Platform B Non-Code A36 or NA See Note 5 NA
equivalent

Operations Storage Marking NITS Non-code SA240-304 NA NA NA
Nameplate

Operations Exit Vent Screen Sheet NITS Non-code SA240-304 NA NA NA
Operations Drain Pipe NITS Non-code C/S or S/S NA See Note 5 NA
Operations Exit & Inlet Screen Frame NITS Non-code SA240-304 NA NA NA
Operations Temperature Element & C Non-code NA NA NA

Associated Temperature NA
Monitoring Equipment

Operations Screen NITS Non-code Mesh Wire NA NA NA
Operations Paint NITS Non-code Thermaline NA NA

450 or NA
equivalent

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section H and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bills of Material and drawings in Chapter 1. All components are "as applicable" based in the overpack
drawing/BOM unless otherwise noted.

4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All exposed steel surfaces (except threaded holes) to be painted with Thermaline 450 or equivalent to the extent practical.
6) Welds will meet AWS Dl. 1 requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX

may be substituted.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK (1.2)

Codes/Standards
3) Safety CdsSaarsSpecial Surface Contact Matl.

Primary Function Component ) Class t4 (as applicable to Material Strength (ksi) Speial Sf Contac a
component)aFinislCoating (if dissimilar)

Structural Integrity 100S Version B Base B ASME III; Carbon See Table 3.3.6 See Note 5 NA
Bottom Plate Subsection NF Steel _

Structural Integrity IOOS Version B Base B Non-code Carbon NA See Note 5 NA
Spacer Block Steel

Shielding IOOS Version B Base B Non-code Carbon NA See Note 5 NA
Shield Block Steel _

Structural Integrity IOOS Version B Base Top B ASME III; SA 516-70 See Table 3.3.2 See Note 5 NA
Plate Subsection NF

Structural Integrity IOOS Version B Base MPC B Non-code SA36 NA. See Note 5 NA
Support Non-code S_36___eeote5__

Shielding IOOS Version B Lid Outer B ASME III; SA516-70 See Table 3.3.2
Ring Subsection NF or See Note 5 NA

SA36 or Table 3.3.6
Operations IOOS Version B Lid Vent NITS Carbon

DuctNon-code SteelNA See.Note 5 NA

Structural Integrity IOOS Version B Lid Inner B ASME HI; Carbon See Table 3.3.6 See Note5 NA
Ring Subsection NF Steel SeeTable 3.._SeNte5N

Operations IOOS Version B Lid Stud NITS Non-code Carbon NA See Note 5 NA
Pipe Non-code Steel NA SeeNote 5_NA

Operations IOOS Version B Lid Stud NITS Non-code Carbon NA See Note 5 NA
_ _ Spacer NIn-cde Steel

Notes: I) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bills of Material and drawings in Chapter 1. All components are "as applicable" based in the overpack
drawing/BOM unless otherwise noted.

4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All exposed steel surfaces (except threaded holes) to be painted with Thermaline 450 or equivalent to the extent practical.
6) Welds will meet AWS DI.1 requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX

may be substituted.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
OVERPACK 1,21

Codes/Standards S i
Primary Function Component C3)Saft (as applicable to Material Strength ( ksi) Fecia Sf CotatMatr.

component) FinishCoating (if dissimilar)

Operations 100S Version B Lid Lift B ASME 111; SA36 See Table 3.3.2 See Note 5 NA
Block Subsection NF

Shielding IOOS Version B Lid Vent B Non-code Carbon NA See Note 5 NA
Shield Steel

Operations IOOS Version B Lid Stud C Non-code Stainless NA See Note 5 NA
Washer Steel

Operations 100S Version B Lid Stud NITS Non-code PVC NA See Note 5 NA
Cap

Structural Integrity 100S Version B Radial B ASME III; SA 516-70 NA See Note 5 NA
Gusset Subsection NF

Structural Integrity IOOS Version B Lid B (bolt) ASME Section II SA 193-B7 See Table 3.3.4 Threads to have NA
Closure Bolt and Closure (bolt) (bolt) cadmium coating
Bolt Handle NITS (or similar

(bolt C/S (bolt NA (bolt handle) lubricant for
Handle) handle) corrosion

protection)
Structural Integrity IOOS Version B ASME Section III; SA516-70 See Table 3.3.2

I Lid Top (Cover) Plate Subsection NF or SA36 or Table 3.3.6
Structural Integrity IOOS Version B B ASME Section NF1; SA516_70_ See Table 3.3.2 See Note_5_NA

Shear Ring Subsection NF

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bills of Material and drawings in Chapter 1. All components are "as applicable" based in the overpack
drawing/BOM unless otherwise noted.

4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All exposed steel surfaces (except threaded holes) to be painted with Thermaline 450 or equivalent to the extent practical.
6) Welds will meet AWS D1. 1 requirements for prequalified welds, except that welder qualification and weld procedures of ASME Code Section IX

may be substituted.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER CASK (1,2)

Codes/Standards
Primary Function Component (3) Safety Special Surface Contact Matil.

Class (4) (as applicable to Material Strength (ksi) Finish/Coating (if dissimilar)
component)

Shielding Radial Lead Shield B Non-code Lead NA NA NA
Shielding Pool Lid Lead Shield B Non-code Lead NA NA NA
Shielding Top Lid Shielding B Non-code Holtite NA NA NA
Shielding Plugs for Lifting Holes NITS Non-code C/S or S/S NA NA
Structural Integrity Outer Shell B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Inner Shell B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Radial Ribs B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Water Jacket Enclosure B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Shell Panels (HI-TRAC Subsection NF
100 and 125)

Structural Integrity Water Jacket Enclosure B ASME Section III; SA516-70 See Table 3.3.2 See Note 5. NA
Shell Panels (HI-TRAC Subsection NF or
100D and 125D) SA515-70

Structural Integrity Water Jacket End Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Top Flange B ASME Section III; SA350-LF3 See Table 3.3.3 See Note 5 NA
Subsection NF

Structural Integrity Lower Water Jacket Shell B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER CASK "'2)

Primary Function Component (3) Safety Codes/Standards Special Surface Contact Matd.Class (4) (as applicable to Material Strength (ksi) Finish/Coating. if dissimilar)
component) FnhCtn (fdsma

Structural Integrity Pool Lid Outer Ring B ASME Section III; SA516-70 See Table 3.3.3 See Note 5 NA
Subsection NF or

SA 203E
or

SA350-LF3
Structural Integrity Pool Lid Top Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Top Lid Outer Ring B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Top Lid Inner Ring B ASME Section 111; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Top Lid Top Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Top Lid Bottom Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Fill Port Plugs C ASME Section III; Carbon See Table 3.3.2 See Note 5 NA

Subsection NF Steel

Notes: I) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section LX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER CASK (1,2)

Codes/Standards
Primary Function Component (3) Safety Special Surface Contact Mati.

Class (4) (as applicable to Material Strength (ksi) Finish/Coating (if dissimilar)
component)

Structural Integrity Pool Lid Bolt B ASME Section III; SA193-B7 See Table 3.3.4 NA NA
Subsection NF

Structural Integrity Lifting Trunnion Block B ASME Section III; SA350-LF3 See Table 3.3.3 See Note 5, NA
Subsection NF

Structural Integrity Lifting Trunnion A ANSI N 14.6 SB637 See Table 3.3.4 NA NA
(N07718)

Structural Integrity Pocket Trunnion (HI- B ASME Section III; SA350-LF3 See Table 3.3.3 See Note 5 NA
TRAC 100 and HI-TRAC Subsection NF
125 only) ANSI N14.6

Structural Integrity Dowel Pins B ASME Section III; SA564-630 See Table 3.3.4 NA SA350-LF3
Subsection NF

Structural Integrity Water Jacket End Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Pool Lid Bottom Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Top Lid Lifting Block C ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Bottom Flange Gussets B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
(HI-TRAC IOOD and Subsection NF
125D only)

Operations Top Lid Stud or bolt B ASME Section III; SA193-B7 See Table 3.3.4 NA NA

I ISubsection NF

Notes: I) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER CASK (i,2)

Codes/Standards
(3) Safety Special Surface Contact Matl.

Primary Function Component Class (4) ( as applicable to Material Strength ( ksi) Finish/Coating if dissimilar)
component) FnhCtn (fdsma

Operations Top Lid Nut B ASME Section III; SA 1 94-2H NA NA NA
Subsection NF

Operations Pool Lid Gasket NITS Non-code Elastomer NA NA NA
Operations Lifting Trunnion End Cap C Non-code SA516-70 See Table 3.3.2 See Note 5 NA

(HI-TRAC 100 and HI-
TRAC 125 only)

Operations End Cap Bolts (HI-TRAC NITS Non-code SA193-B7 See Table 3.3.4 NA NA
100 and HI-TRAC 125
only)

Operations Drain Pipes NITS Non-code SA 106 NA NA NA
Operations Drain Bolt NITS Non-code SA193-B7 See Table 3.3.4 NA NA
Operations Couplings, Valves and NITS Non-code Commercial NA NA NA

Vent Plug

Notes: I) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER LID (HI-TRAC 100 and HI-TRAC 125 ONLY)(1,21

Codes/Standards
() Safety CdsSaarsSpecial Surface Contact Matl.

Primary Function Component (3) (Se as applicable to Material Strength (ksi) Speial SurfaceiConac a
Class (4) component) Finish/Coating (if dissimilar)

Shielding Side Lead Shield B Non-code Lead NA NA NA
Shielding Door Lead Shield B Non-code Lead NA NA
Shielding Door Shielding B Non-code Holtite NA NA NA
Structural Integrity Lid Top Plate B ASME Section 111; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Lid Bottom Plate B ASME Section Il1; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Lid Intermediate Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Lead Cover Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Lead Cover Side Plate B ASME Section HI; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Door Top Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Door Middle Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Door Bottom Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF
Structural Integrity Door Wheel Housing B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF (SA350-LF3) (Table 3.3.3)
Structural Integrity Door Interface Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA

Subsection NF

Notes: I) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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TABLE 2.2.6

MATERIALS AND COMPONENTS OF THE HI-STORM 100 SYSTEM
HI-TRAC TRANSFER LID (HI-TRAC 100 and HI-TRAC 125 ONLY),' 2

1

Codes/Standards
Prmr ucio opnn 3) Safety CdsSaarsSpecial Surface Contact Matl.

Class (4) (as applicable to Material Strength ( ksi) Speial SurfaceiConac a
component) . Finish/Coating (if dissimilar)

Structural Integrity Door Side Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Wheel Shaft C ASME Section III; SA 193-B7 36 (yield) See Note 5 NA
Subsection NF

Structural Integrity Lid Housing Stiffener B ASME Section lII; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Door Lock Bolt B ASME Section III; SA193-B7 See Table 3.3.4 NA NA
Subsection NB

Structural Integrity Door End Plate B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Structural Integrity Lifting Lug and Pad B ASME Section III; SA516-70 See Table 3.3.2 See Note 5 NA
Subsection NF

Operations Wheel Track C ASME Section III; SA-36 36 ( yield) See Note 5 NA
Subsection NF

Operations. Door Handle NITS Non-code C/S or S/S NA See Note 5 NA
Operations Door Wheels NITS Non-code Forged Steel NA NA NA
Operations Door Stop Block C Non-code SA516-70 See Table 3.3.2 See Note 5 NA
Operations Door Stop Block Bolt C Non-code SA193-B7 See Table 3.3.4 NA NA

Notes: 1) There are no known residuals on finished component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds

shall be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and
the applicable Subsection of ASME Section III.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A, B, and C denote important to safety classifications as described in the Holtec QA Program. NITS stands for Not Important to Safety.
5) All external surfaces to be painted with Carboline 890. Top surface of doors to be painted with Thermaline 450.
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Table 2.2.7

HI-STORM 100 ASME BOILER AND PRESSURE VESSEL CODE APPLICABILITY

HI-STORM 100 Material
Component Procurement Design Fabrication Inspection

Section III,
Overpack steel Section 11, Section Section 111, Section 111, Subsection NF,

structure III, Subsection Subsection NF, Subsection NF, NF-5350, NF-5360
NF, NF-2000 NF-3200 NF-4000 and Section V

Anchor Studs for Section 11, Section Section III,

HI-STORM 100A III, Subsection Subsection NF, NA NA
NF, NF-2000* NF- 3300
Section 1i, Section Section 111, Section 111 Section III,

MPC confinement III, Subsection Subsection NB, Subsection NB, Subsection NB,
boundary NB, NB-2000 NB-3200 NB-4000and

Section V
Section II, Section Section 111, Section 111 Section 1II,
III, Subsection Subsection NG, Subsection NG, Subsection NG,

MPC fuel basket NG, NG-2000; NG-3300 and NG-4000; core NG-5000 and
core support NG-3200; core Nupport core Section V; core
structures (NG- support structures (NG- 112 support structures
1121) (NG- 112121) (NG-l1121)

HI-TRAC Section I1, Section Section III,

Trunnions Ill, Subsection ANSI 14.6 Subsection NF, See Chapter 9
NF, NF-2000 NF-4000

Section IIl, Section III,
Section II, Section Section ISi, Section NG,Subsection NG, Subsection NG,

MPC basket I1l, Subsection Subsection NG,

supports (Angled NG, NG-2000; NG-3300 n NG-4000; internal NG-5000 and
Plaes ineral trctues NG-3200; internal N-0;inealSection V; internalPlates) internal structures structures (NG- structures (NG- structures (NG-

(NG-1122) 1122) 1122) 1122)

Section II, Section Section III, Section III, Section III,
HI-TRAC steel III, Subsection Subsection NF, Subsection NF, Subsection NE,

NF, NF-2000 NF-3300 NF-4000 SectionV
Section V

Damaged fuel Section 1I, Section Section NG1, Section III, Section NG1,Daae.dfe ISbscin Sbeto GSubsection NG, Subsection NG,
container ING, Subsection NG-3300 and Subsection NG, NG-5000 andNG, NG-2000 NG-4000

NG-3200 Section V

ACI 349 as ACI 349 and ACI ACI 349 as ACI 349 as
Overpack specified by 318-95 as
concrete Appendix 1..D specified by specified by specified by

Appendix E.D Appendix I.D Appendix 1.D

* Except impact testing shall be determined based on service temperature and material type.
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Table 2.2.8

ADDITIONAL DESIGN INPUT DATA FOR NORMAL, OFF-NORMAL, AND
ACCIDENT CONDITIONS

Item Condition Value

Snow Pressure Loading (lb./ft2) Normal 100

Constriction of MPC Basket Vent Opening By Accident 0.85 (MPC-68)
Crud Settling (Depth of Crud, in.) 0.36 (MPC-24 and MPC-32)

Cask Environment During the Postulated Fire Accident 1475
Event (Deg. F)

HI-STORM Overpack Fire Duration (seconds) Accident 217

HI-TRAC Transfer Cask Fire Duration (minutes) Accident 4.8

Maximum submergence depth due to flood (ft) Accident 125

Flood water velocity (ft/s) Accident 15

GH + 0.53Gv = 0.53"
(HI-STORM 100, 1OOS, and IOOS

Interaction Relation for Horizontal & Vertical Accident Version B)
acceleration for HI-STORM

GH= 2.12; Gv = 1.5
(HI-STORM 100A)

Net Overturning Moment at base of HI-STORM Accident 18.7x 10'
1O0A (ft-lb)

HI-STORM 100 Overpack Vertical Lift Height I1 ttt (HI-STORM 100 and IOOS),
Limit (in.) Accident OR

By Users (HI-STORM 1 OOA)

HI-TRAC Transfer Cask Horizontal Lift Height Accident 4 2 ttt
Limit (in.)

tt See Subsection 3.4.7.1 for definition of Gil and Gv. The coefficient of friction may be increased

above 0.53 based on testing described in Subsection 3.4.7.1

ttt For ISFSI and subgrade design parameter Sets A and B. Users may also develop a site-specific lift

height limit.
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Table 2.2.9

EXAMPLES OF ACCEPTABLE ISFSI PAD DESIGN PARAMETERS

PARAMETER PARAMETER PARAMETER
SET "A" t SET "B"

Concrete thickness, tp. (inches) <36 <28

Concrete Compressive Strength < 4,200 < 6,000 psi
(at 28 days), f,', (psi)

Reinforcing bar Reinforcing bar
Reinforcement Top and Bottom shall be 60 ksi shall be 60 ksi
(both directions) Yield Strength Yield Strength

ASTM Material ASTM Material

Subgrade Effective Modulus of
Elasticitytt (measured prior to < 28,000 < 1.6,000
ISFSI pad installation), E, (psi)

NOTE: A static coefficient of friction of 0.53 between the ISFSI pad and
the bottom of the overpack shall be used. If for a specific ISFSI a
higher value of the coefficient of friction is used, it shall be
verified by test. The test procedure shall follow the guidelines
included in the Sliding Analysis in Subsection 3.4.7.1.

The characteristics of this pad are identical to the pad considered by Lawrence Livermore

Laboratory (see Appendix 3.A).

tt An acceptable method of defining the soil effective modulus of elasticity applicable to the drop

and tipover analysis is provided in Table 13 of NUREG/CR-6608 with soil classification in
accordance with ASTM-D2487 Standard Classification of Soils for Engineering Purposes (Unified
Soil Classification System USCS) and density determination in accordance with ASTM-D1586
Standard Test Method for Penetration Test and Split/Barrel Sampling of Soils.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR
REPORT HI-2002444

Rev. 5
2.2-42

HI-STORM 100 Rev. 5 - 6/21/07



Table 2.2.10
MPC CONFINEMENT BOUNDARY STRESS INTENSITY LIMITS

FOR DIFFERENT LOADING CONDITIONS (ELASTIC ANALYSIS PER NB-3220)t

STRESS CATEGORY DESIGN LEVELS LEVEL Dtt

A&B

Primary Membrane, Pm Sm N/Attt AMIN (2.4Sm, .7Su)

Local Membrane, PL I.5Sm N/A 150% of Pm Limit

Membrane plus Primary Bending 1.5Sm N/A 150% of Pm Limit

Primary Membrane plus Primary 1.5Sm N/A 150% of Pm Limit
Bending

Membrane plus Primary Bending N/A 3Sm, N/A
plus Secondary

Average Shear Stresstttt 0.6Sin 0.6Sin 0.42Su

t Stress combinations including F (peak stress) apply to fatigue evaluations only.
tt Governed by Appendix F, Paragraph F-1331 of the ASME Code, Section Inl.

"t No Specific stress limit applicable.
tttt Governed by NB-3227.2 or F-1331.1(d).
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Table 2.2.11

MPC BASKET STRESS INTENSITY LIMITS
FOR DIFFERENT LOADING CONDITIONS (ELASTIC ANALYSIS PER NG-3220)

STRESS CATEGORY DESIGN LEVELS A & B LEVEL Dt

Primary Membrane, Pm Sm Sm AMIN (2.4Sm, .7 Su)tt

Primary Membrane plus Primary 1.5Sm 1.5Sm 150% of Pm Limit
Bending

Primary Membrane plus Primary N/Attt 3Sm N/A
Bending plus Secondary

t
tt

ftt

Governed by Appendix F, Paragraph F-1331 of the ASME Code, Section III.
Governed by NB-3227.2 or F-1331.1(d).
No specific stress intensity limit applicable.
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Table 2.2.12
STRESS LIMITS FOR DIFFERENT

LOADING CONDITIONS FOR THE STEEL STRUCTURE OF THE OVERPACK AND HI-TRAC
(ELASTIC ANALYSIS PER NF-3260)

SERVICE CONDITION

STRESS CATEGORY DESIGN + LEVEL A LEVEL B LEVEL Dt

Primary Membrane, Pm S 1.33S AMAX (1.2Sy, 1.5Si)
but < .7Su

Primary Membrane, Pm, .1.5S 1.995S 150% of Pm
plus Primary Bending,

Pb

Shear Stress 0.6S 0.6S <0.42Su
(Average)

Definitions:

S = Allowable Stress Value for Table IA, ASME Section II, Part D.
Sm = Allowable Stress Intensity Value from Table 2A, ASME Section II, Part D
S= Ultimate Strength

t Governed by Appendix F, Paragraph F-1332 of the ASME Code, Section III.
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Table 2.2.13

NOTATION FOR DESIGN LOADINGS FOR NORMAL, OFF-NORMAL, AND
ACCIDENT CONDITIONS

NORMAL CONDITION

LOADING NOTATION

Dead Weight D

Handling Loads H

Design Pressure (Internal) Pi

Design Pressure (External)t P0

Snow S

Operating Temperature T

OFF-NORMAL CONDITION

Loading Notation

Off-Normal Pressure (Internal) Pi'

Off-Normal Pressure (External)t P.

Off-Normal Temperature T'

Off-Normal HI-TRAC Handling H'
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Table 2.2.13 (continued)

NOTATION FOR DESIGN LOADINGS FOR NORMAL, OFF-NORMAL, AND
ACCIDENT CONDITIONS

ACCIDENT CONDITIONS

LOADING NOTATION

Handling Accident H1

Earthquake E

Fire T*

Tornado Missile M

Tornado Wind W'

Flood F

Explosion E*

Accident Pressure (Internal) Pi*

Accident Pressure (External) P.
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Table 2.2.14
APPLICABLE LOAD CASES AND COMBINATIONS FOR EACH CONDITION AND COMPONENTt" tt

CONDITION LOADING CASE MPC OVERPACK HI-TRAC

Design (ASME Code N/A N/A
Pressure Compliance) PI, PN

Noral (Level A) 1 D,T, H, Pi D,T,H D, Tttt, H, Pi (waterjacket)

2 D,T,H,Po N/A N/A

1 D, T',H,P' D, T', H N/Attt (H' pocket
Off-Normal (Level B) D,_T',_H, P _'_D,_T',_H _trunnion)

2 D, T', H, Po N/A N/A

1 D,T,Pi,H' D,T,H' D,T,H'

Accident (Level D) 2 D, T*, Pj* N/A N/A

3 D, T, Po*tttt D, T, Po*tttt D, T, Po*tttt

4 N/A D, T, (E, M, F, W')ttttt D, T, (M, W')ttttt

t The loading notations are given in Table 2.2.13. Each symbol represents a loading type and may have different values for different components. The different
loads are assumed to be additive and applied simultaneously.

tt N/A stands for "Not Applicable."

ttt T (normal condition) for the HI-TRAC is 100°F and Pi(watrjacket) is 60 psig and, therefore, there is no off-normal temperature or load combination because Load

Case 1, Normal (Level A), is identical to Load Case 1, Off-Normal (Level B). Only the off-normal handling load on the pocket trunnion is analyzed separately.

tttt Po* bounds the external pressure due to explosion.

ttftt (E, M, F, W') means loads are considered separately in combination with D, T. E and F not applicable to HI-TRAC.
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Table 2.2.15

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Component Reference ASME Code Code Requirement Exception, Justification &
__ Section/Article L ode I Compensatory Measures

MPC, MPC basket assembly, HI-
STORM overpack steel structure,
and HI-TRAC transfer cask steel
structure.

Subsection NCA General Requirements.
Requires preparation of a
Design Specification,
Design Report,
Overpressure Protection
Report, Certification of
Construction Report, Data
Report, and other
administrative controls for
an ASME Code stamped
vessel.

Because the MPC, overpack, and transfer cask are' not
ASME Code stamped vessels, none of the
specifications, reports, certificates, or other general
requirements specified by NCA are required, In lieu of
a Design Specification and Design Report, the HI-
STORM FSAR includes the design criteria, service
conditions, and load combinations for the design and
operation of the HI-STORM 100 System as well as the
results of the stress analyses to demonstrate that
applicable Code stress limits are met. Additionally, the
fabricator is not required to have an ASME-certified QA
program. All important-to-safety activities are governed
by the NRC-approved Holtec QA program.

Because the cask components are not certified to the
Code, the terms "Certificate Holder" and "Inspector"
are not germane to the manufacturing of NRC-
certified cask components. To eliminate ambiguity,
the responsibilities assigned to the Certificate Holder
in the various articles of Subsections NB, NG, and NF
of the Code, as applicable, shall be interpreted to
apply to the NRC Certificate of Compliance (CoC)
holder (and by extension, to the component
fabricator) if the requirement must be fulfilled. The
Code term "Inspector" means the QA/QC personnel
of the CoC holder and its vendors assigned to oversee
and inspect the manufacturing process.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Component Reference ASME Code Code Requirement Exception, Justification &

Section/Article Compensatory Measures

MPC NB-I 100 Statement of requirements MPC enclosure vessel is designed and will be
for Code stamping of fabricated in accordance with ASME Code, Section
components. III, Subsection NB to the maximum practical extent,

but Code stamping is not required.

MPC basket supports and lift lugs NB-1130 NB-i 132.2(d) requires that The MPC basket supports (nonpressure-retaining
the first connecting weld of structural attachment) and lift lugs (nonstructural
a nonpressure-retaining attachments (relative to the function of lifting a.
structural attachment to a loaded MPC) that are used exclusively for lifting an
component shall be empty MPC) are welded to the inside of the pressure-
considered part of the retaining MPC shell, but are not designed in
component unless the weld accordance with Subsection NB. The basket supports
is more than 2t from the and associated attachment welds are designed to
pressure-retaining portion satisfy the stress limits of Subsection NG and the lift
of. the component, where t lugs and associated attachment welds are designed to
is the nominal thickness of satisfy the stress limits of Subsection NF, as a
the pressure-retaining minimum. These attachments and their welds are
material, shown by analysis to meet the respective stress limits

for their service conditions. Likewise, non-structural
NB- 1132.2(e) requires items, such as shield plugs, spacers, etc. if used, can
that the first connecting be attached to pressure-retaining parts in the same
weld of a welded manner.
nonstructural attachment
to a component shall
conform to NB-4430 if the
connecting weld is within
2t from the pressure-
retaining portion of the
component.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Component Reference ASME Code Code Requirement Exception, Justification &

Section/Article Compensatory Measures

MPC NB-2000 Requires materials to be Materials will be supplied by Holtec approved
supplied by ASME- suppliers with Certified Material Test Reports
approved material (CMTRs) in accordance with NB-2000 requirements.
supplier.

MPC, MPC basket assembly, HI- NB-3100 Provides requirements for These requirements are not applicable. The HI-
STORM overpack, and HI-TRAC NG-3 100 determining design STORM FSAR, serving as the Design Specification,
transfer cask NF-3100 loading conditions, such establishes the service conditions and load

as pressure, temperature, combinations for the storage system.
and mechanical loads.

MPC NB-3350 NB-3352.3 requires, for Due to MPC basket-to-shell interface requirements, the
Category C joints, that the MPC shell-to-baseplate weld joint design (designated
minimum dimensions of Category C) does not include a reinforcing fillet weld or a
the welds and throat bevel in the MPC baseplate, which makes it different than

thickness shall be as any of the representative configurations depicted in Figure
NB-4243- 1. The transverse thickness of this weld is equalto the thickness of the adjoining shell (1/2 inch). The weld

4243-1. is designed as a full penetration weld that receives VT and

RT or UT, as well as final surface PT examinations.
Because the MPC shell design thickness is considerably
larger than the minimum thickness required by the Code, a
reinforcing fillet weld that would intrude into the MPC
cavity space is not included. Not including this fillet weld
provides for a higher quality radiographic examination of
the full penetration weld.

From the standpoint of stress analysis, the fillet weld serves
to reduce the local bending stress (secondary stress)
produced by the gross structural discontinuity defined by
the flat plate/shell junction. In the MPC design, the shell
and baseplate thicknesses are well beyond that required to
meet their respective membrane stress intensity limits.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Component Reference ASME Code Exception, Justification &
tSection/Article C Compensatory Measures

MPC, MPC basket assembly, HI- NB-4120 NB-4121.2, NG-4121.2, In-shop operations of short duration that apply heat to
STORM overpack steel structure, NG-4120 and NF-4121.2 provide a component, such as plasma cutting of plate stock,
and HI-TRAC transfer cask steel NF-4120 requirements for repetition welding, machining, coating, and pouring of lead are
structure of tensile or impact tests not, unless explicitly stated by the Code, defined as

for material subjected to heat treatment operations.
heat treatment during
fabrication or installation. For the steel parts in the HI-STORM 100 System

components, the duration for which a part exceeds the
off-normal temperature limit defined in Chapter 2 of
the FSAR shall be limited to 24 hours in a particular
manufacturing process (such as the HI-TRAC lead
pouring process).

MPC, HI-STORM overpack steel NB-4220 Requires certain forming The cylindricity measurements on the rolled shells are
structure, HI-TRAC transfer cask NF-4220 tolerances to be met for not specifically recorded in the shop travelers, as
steel structure cylindrical, conical, or would be the case for a Code-stamped pressure vessel.

spherical shells of a Rather, the requirements on inter-component
vessel. clearances (such as the MPC-to-transfer cask) are

guaranteed through fixture-controlled manufacturing.
The fabrication specification and shop procedures

ensure that all dimensional design objectives,
including inter-component annular clearances are
satisfied. The dimensions required to be met in
fabrication are chosen to meet the functional
requirements of the dry storage components. Thus,
although the post-forming Code cylindricity
requirements are not evaluated for compliance
directly, they are indirectly satisfied (actually
exceeded) in the final manufactured components.

HI-STORM FSAR
REPORT HI-2002444

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

2.2-52
Rev. 5

HI-STORM 100 Rev. 5 - 6/21/07



Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Component Reference ASME Code Code Requirement Exception, Justification &
Section/Article _Compensatory Measures

MPC Lid and Closure Ring NB-4243 Full penetration welds MPC lid and closure ring are not full penetration
Welds required for Category C welds. They are welded independently to provide a

Joints (flat head to main redundant seal. Additionally, a weld efficiency factor
shell per NB-3352.3) of 0.45 has been applied to the analyses of these

welds.

MPC Closure Ring, Vent and NB-5230 Radiographic (RT) or Root (if more than one weld pass is required) and final
Drain Cover Plate Welds ultrasonic (UT) liquid penetrant examination to be performed in accordance

examination required. with NB-5245. The closure ring provides independent
redundant closure for vent and drain cover plates.

MPC Lid to Shell Weld NB-5230 Radiographic (RT) or Only UT or multi-layer liquid penetrant (PT) examination
ultrasonic (UT) is pennitted. If PT examination alone is used, at a
examination required. minimum, it will include the root and final weld layers and

each approx. 3/8" of weld depth.

MPC Enclosure Vessel and Lid NB-6111 All completed pressure The MPC vessel is seal welded in the field following fuel
retaining systems shall be assembly loading. The MPC vessel shall then be pressure
pressure tested. tested as defined in Chapter 9. Accessibility for leakage

inspections preclude a Code compliant pressure test. All
MPC vessel welds (except closure ring and vent/drain
cover plate) are inspected by volumetric examination,
except the MPC lid-to-shell weld shall be verified by
volumetric or multi-layer PT examination. If PT alone is
used, at a minimum, it must include the root and final
layers and each approximately 3/8 inch of weld depth. For
either UT or PT, the maximum undetectable flaw size must
be determined in accordance with ASME Section XI
methods. The critical flaw size shall not cause the primary
stress limits of NB-3000 to be exceeded.

The inspection results, including relevant findings
(indications) shall be made a permanent part of the user's
records by video, photographic, of other means which
provide an equivalent record of weld integrity. The video or
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Table 2.2.15 (continued)

LIST OFASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Component Reference ASME Code Exception, Justification &tSection/Article Compensatory Measures

photographic records should be taken during the final
interpretation period described in ASME Section V, Article
6, T-676. The vent/drain cover plate and the closure ring
welds are confirmed by liquid penetrant examination. The
inspection of the weld must be performed by qualified
personnel and shall meet the acceptance requirements of
ASME Code Section III, NB-5350 for PT or NB-5332 for
UT.

MPC Enclosure Vessel NB-7000 Vessels are required to No overpressure protection is provided. Function of MPC
have overpressure enclosure vessel is to contain radioactive contents under
protection. normal, off-normal, and accident conditions of storage.

MPC vessel is designed to withstand maximum internal
pressure considering 100% fuel rod failure and maximum
accident temperatures.

MPC Enclosure Vessel NB-8000 States requirements for The HI-STORM 100 System is to be marked and identified
nameplates, stamping and in accordance with 1OCFR71 and 1OCFR72 requirements.
reports per NCA-8000. Code stamping is not required. QA data package to be in

accordance with Holtec approved QA program.

MPC Basket Assembly NG-2000 Requires materials to be Materials will be supplied by Holtec approved supplier
supplied by ASME with CMTRs in accordance with NG-2000 requirements.
approved Material
Supplier.
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Component Reference ASME Code Code Requirement Exception, Justification &
Section/Article C Requirement Compensatory Measures

MPC Basket Assembly NG-4420 NG-4427(a) requires a
fillet weld in any single
continuous weld may be
less that the specified fillet
weld dimension by not
more than 1/16 inch,
provided that the total
undersize portion of the
weld does not exceed 10
percent of the length of
the weld. Individual
undersize weld portions
shall not exceed 2 inches
in length.

Modify the Code requirement (intended for core support
structures) with the following text prepared to accord with the
geometry and stress analysis imperatives for the fuel basket:
For the longitudinal MPC basket fillet welds, the following
criteria apply: 1) The specified fillet weld throat dimension
must be maintained over at least 92 percent of the total weld
length. All regions of undersized weld must be less than 3
inches long and separated from each other by at least 9
inches. 2) Areas of undercuts and porosity beyond that
allowed by the applicable ASME Code shall not exceed 1/2
inch in weld length. The total length of undercut and porosity
over any 1-foot length shall not exceed 2 inches. 3) The total

weld length in which items (1) and (2) apply shall not exceed
a total of 10 percent of the overall weld length. The limited
access of the MPC basket panel longitudinal fillet welds
makes it difficult to perform effective repairs of these welds
and creates the potential for causing additional damage to the
basket assembly (e.g., to the neutron absorber and its
sheathing) if repairs are attempted. The acceptance criteria
provided in the foregoing have been established to comport
with the objectives of the basket design and preserve the
margins demonstrated in the supporting stress analysis.

From the structural standpoint, the weld acceptance criteria
are established to ensure that any departure from the ideal,
continuous fillet weld seam would not alter the primary
bending stresses on which the design of the fuel baskets is
predicated. Stated differently, the permitted weld
discontinuities are limited in size to ensure that they remain
classifiable as local stress elevators ("peak stress", F, in the
ASME Code for which specific stress intensity limits do
not apply).
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Component Reference ASME Code Exception, Justification &Section/Article Code Requirement Compensatory Measures

MPC Basket Assembly NG-8000 States requirements for The HI-STORM 100 System is to be marked and identified
nameplates, stamping and in accordance with IOCFR71 and 1OCFR72 requirements.
reports per NCA-8000. No Code stamping is required. The MPC basket data

package is to be in conformance with Holtec's QA
program.

Overpack Steel Structure NF-2000 Requires materials to be Materials will be supplied by Holtec approved supplier
supplied by ASME with CMTRs in accordance with NF-2000 requirements.
approved Material
Supplier.

HI-TRAC Steel Structure NF-2000 Requires materials to be Materials will be supplied by Holtec approved supplier
supplied by ASME with CMTRs in accordance with NF-2000 requirements.
approved Material
Supplier.

Overpack Baseplate and Lid Top NF-4441 Requires special The margins of safety in these welds under loads
Plate examinations or experienced during lifting operations or accident conditions

requirements for welds are quite large. The overpack baseplate welds to the inner

where a primary member shell, pedestal shell, and radial plates are only loaded

thickness of 1" or greater during lifting conditions and have large safety factors
is loaded to transmit loads during lifting. Likewise, the top lid plate to lid shell weld

has a large structural margin under the inertia loads
in the through thickness imposed during a non-mechanistic tipover event.
direction. I d
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Table 2.2.15 (continued)

LIST OF ASME CODE EXCEPTIONS FOR HI-STORM 100 SYSTEM

Component Reference ASME Code Code Requirement Exception, Justification &

Section/Article Compensatory Measures

Overpack Steel Structure NF-3256 Provides requirements for Welds for which no structural credit is taken are identified
NF-3266 welded joints. as "Non-NF" welds in the design drawings by an "'.

These non-structural welds are specified in accordance with
the pre-qualified welds of AWS D1. 1. These welds shall be
made by welders and weld procedures qualified in
accordance with AWS D1. 1 or ASME Section IX.

Welds for which structural credit is taken in the safety
analyses shall meet the stress limits for NF-3256.2, but are
not required to meet the joint configuration requirements
specified in these Code articles. The geometry of the joint
designs in the cask structures are based on the fabricability
and accessibility of the joint, not generally contemplated by
this Code section governing supports.

HI-STORM Overpack and HI- NF-3320 NF-3324.6 and NF-4720 These Code requirements are applicable to linear structures
TRAC Transfer Cask NF-4720 provide requirements for wherein bolted joints carry axial, shear, as well as rotational

bolting (torsional) loads. The overpack and transfer cask bolted
connections in the structural load path are qualified by design

based on the design loadings defined in the FSAR. Bolted
joints in these components see no shear or torsional loads
under normal storage conditions. Larger clearances between
bolts and holes may be necessary to ensure shear interfaces
located elsewhere in the structure engage prior to the bolts
experiencing shear loadings (which occur only during side
impact scenarios).

Bolted joints that are subject to shear loads in accident
conditions are qualified by appropriate stress analysis.
Larger bolt-to-hole clearances help ensure more efficient
operations in making these bolted connections, thereby
minimizing time spent by operations personnel in a
radiation area. Additionally, larger bolt-to-hole clearances
allow interchangeability of the lids from one particular
fabricated cask to another.

HI-STORM FSAR
REPORT HI-2002444

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

2.2-57
Rev. 5

HI-STORM 100 Rev. 5 - 6/21/07



Table 2.2.16

COMPARISON BETWEEN HI-STORM MPC LOADINGS WITH HI-STAR MPC LOADINGS'

Loading Condition Difference Between MPC Loadings Under
HI-STAR and HI-STORM Conditions

Dead Load Unchanged

Design Internal Pressure Unchanged
(normal, off-normal, &
accident)

Design External Pressure HI-STORM normal and off-normal external pressure is ambient which is less than the
(normal, off-normal, & HI-STAR 40 psig. The accident external pressure is unchanged.
accident)

Thermal Gradient (normal, off- Determined by analysis in Chapters 3 and 4
normal, & accident)

Handling Load (normal) Unchanged

Earthquake (accident) Inertial loading increased less than 0. 1 g's (for free-standing overpack designs).

Handling Load (accident) HI-STORM vertical and horizontal deceleration loadings are less than those in HI-
STAR, but the HI-STORM cavity inner diameter is different and therefore the
horizontal loading on the MPC is analyzed in Chapter 3.

t HI-STAR MPC loadings are those specified in the HI-STAR SAR under docket number 71-9261, which does not impose any off-normal condition loadings.
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2.3 SAFETY PROTECTION SYSTEMS

2.3.1 General

The HI-STORM 100 System is engineered to provide for the safe long-term storage of spent
nuclear fuel (SNF). The HI-STORM 100 will withstand all normal, off-normal, and postulated
accident conditions without any uncontrolled release of radioactive material or excessive
radiation exposure to workers or members of the public. Special considerations in the design
have been made to ensure long-term integrity and confinement of the stored SNF throughout all
cask operating conditions. The design considerations, which have been incorporated into the
HI-STORM 100 System to ensure safe long-term fuel storage are:

1. The MPC confinement barrier is an enclosure vessel designed in accordance
with the ASME Code, Subsection NB with confinement welds inspected by
radiography (RT) or ultrasonic testing (UT). Where RT or UT is not possible, a
redundant closure system is provided with field welds, which are pressure tested
and/or inspected by the liquid penetrant method (see Section 9.1).

2. The MPC confinement barrier is surrounded by the HI-STORM overpack which
provides for the physical protection of the MPC.

3. The HI-STORM 100 System is designed to meet the requirements of storage
while maintaining the safety of the SNF.

4. The SNF once initially loaded in the MPC, does not require opening of the
canister for repackaging to transport the SNF.

5. The decay heat emitted by the SNF is rejected from the HI-STORM 100 System
through passive means. No active cooling systems are employed.

It is recognized that a rugged design with large safety margins is essential, but that is not
sufficient to ensure acceptable performance over the service life of any system. A carefully
planned oversight and surveillance plan, which does not diminish system integrity but provides
reliable information on the effect of passage of time on the performance of the system is
essential. Such a surveillance and performance assay program will be developed to be
compatible with the specific conditions of the licensee's facility where the HI-STORM 100
System is installed. The general requirements for the acceptance testing and maintenance
programs are provided in Chapter 9. Surveillance requirements are specified in the Technical
Specifications in Appendix A to the CoC..

The structures, systems, and components of the HI-STORM 100 System designated as
important to safety are identified in Table 2.2.6. Similar categorization of structures, systems,
and components, which are part of the ISFSI, but not part of the HI-STORM 100 System, will

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
REPORT HI-2002444 2.3-1

HI-STORM 100 Rev. 5 - 6/21/07



be the responsibility of the 1OCFR72 licensee. For HI-STORM 100A, the ISFSI pad is
designated ITS, Category C as discussed in Subsection 2.0.4.1.

2.3,2 Protection by Multiple Confinement Barriers and Systems

2.3,2.1 Confinement Barriers and Systems

The radioactivity which the HI-STORM 100 System must confine originates from the spent fuel
assemblies and, to a lesser extent, the contaminated water in the fuel pool. This radioactivity is
confined by multiple confinement barriers.

Radioactivity from the fuel pool water is minimized by preventing contact, removing the
contaminated water, and decontamination.

An inflatable seal in the annular gap between the MPC and HI-TRAC, and the elastomer seal in
the HI-TRAC pool lid prevent the fuel pool water from contacting the exterior of the MPC and
interior of the HI-TRAC while submerged for fuel loading. The fuel pool water is drained from
the interior of the MPC and the MPC internals are dried. The exterior of the HI-TRAC has a
painted surface which is decontaminated to acceptable levels. Any residual radioactivity
deposited by the fuel pool water is confined by the MPC confinement boundary along with the
spent nuclear fuel.

The HI-STORM 100 System is designed with several confinement barriers for the radioactive
fuel contents. Intact fuel assemblies have cladding which provides the first boundary preventing
release of the fission products. Fuel assemblies classified as damaged fuel or fuel debris are
placed in a damaged fuel container which restricts the release of fuel debris. The MPC is a seal
welded enclosure which provides the confinement boundary. The MPC confinement boundary
is defined by the MPC baseplate, shell, lid, closure ring, and port cover plates.

The MPC confinement boundary has been designed to withstand any postulated off-normal
operations, internal change, or external natural phenomena. The MPC is designed to endure
normal, off-normal, and accident conditions of storage with the maximum decay heat loads
without loss of confinement. Designed in accordance with the ASME Code, Section III,
Subsection NB, with certain NRC-approved alternatives, the MPC confinement boundary
provides assurance that there will be no release of radioactive materials from the cask under all
postulated loading conditions. Redundant closure of the MPC is provided by the MPC closure
ring welds which provide a second barrier to the release of radioactive material from the MPC
internal cavity. Therefore, no monitoring system for the confinement boundary is required.

Confinement is discussed further in Chapter 7. MPC field weld examinations, helium leakage
testing and pressure testing are performed to verify the confinement function. Fabrication
inspections and tests are also performed, as discussed in Chapter 9, to verify the confinement
boundary.
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2.3.2.2 Cask Cooling

To facilitate the passive heat removal capability of the HI-STORM 100, several thermal design
criteria are established for normal and off-normal conditions. They are as follows:

* The heat rejection capacity of the HI-STORM 100 System is deliberately
understated by conservatively determining the design basis fuel that maximizes
thermal resistance (see Section 2.1.6). Additional margin is built into the
calculated cask cooling rate by using the design basis fuel assembly that offers
maximum resistance to MPC internal helium circulation.

* The MPC fuel basket is formed by a honeycomb structure of stainless steel
plates with full-length edge-welded intersections, which allows the unimpaired
conduction of heat.

* The MPC confinement boundary ensures that the helium atmosphere inside the
MPC is maintained during normal, off-normal, and accident conditions of
storage and transfer. The MPC confinement boundary maintains the helium
confinement atmosphere below the design temperatures and pressures stated in
Table 2.2.3 and Table 2.2.1, respectively.

" The MPC thermal design maintains the fuel rod cladding temperatures below the
values stated in Chapter 4 such that fuel cladding is not degraded during the
long term storage period.

* The HI-STORM is optimally designed with cooling vents and an MPC to
overpack annulus which maximize air flow, while providing superior radiation
shielding. The vents and annulus allow cooling air to circulate past the MPC
removing the decay heat.

2.3.3 Protection by Equipment and Instrumentation Selection

2.3.3.1 Equipment

Design criteria for the HI-STORM 100 System are described in Section 2.2. The HI-STORM
100 System may include use of ancillary or support equipment for ISFSI implementation.
Ancillary equipment and structures utilized outside of the reactor facility's IOCFR Part 50
structures may be broken down into two broad categories, namely Important to Safety (ITS)
ancillary equipment and Not Important to Safety (NITS) ancillary equipment. NUREG/CR-
6407, "Classification of Transportation Packaging and Dry Spent Fuel Storage System
Components According to Importance to Safety", provides guidance for the determination of a
component's safety classification. Certain ancillary equipment (such as trailers, rail cars, skids,
portable cranes, transporters, or air pads) are not required to be designated as ITS for most
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ISFSI implementations, if the HI-STORM 100 is designed to withstand the failure of these
components.

The listing and ITS designation of ancillary equipment in Table 8.1.6 follows NUREG/CR-
6407. ITS ancillary equipment utilized in activities that occur outside the lOCFR Part 50
structure shall be engineered to meet all functional, strength, service life, and operational safety
requirements to ensure that the design and operation of the ancillary equipment is consistent
with the intent of this Safety Analysis Report. The design for these components shall consider
the following information, as applicable:

1. Functions and boundaries of the ancillary equipment
2. The environmental conditions of the ISFSI site, including tornado-borne missile,

tornado wind, seismic, fire, lightning, explosion, ambient humidity limits, flood,
tsunami and any other environmental hazards unique to the site.

3. Material requirements including impact testing requirements
4. Applicable codes and standards
5. Acceptance testing requirements
6. Quality assurance requirements
7. Foundation type and permissible loading
8. Applicable loads and load combinations
9. Pre-service examination requirements
10. In-use inspection and maintenance requirements
11. Number and magnitude of repetitive loading significant to fatigue
12. Insulation and enclosure requirements (on electrical motors and machinery)
13. Applicable Reg. Guides and NUREGs.
14. Welding requirements
15. Painting, marking, and identification requirements
16. Design Report documentation requirements
17. Operational and Maintenance (O&M) Manual information requirements

All design documentation shall be subject to a review, evaluation, and safety assessment
process in accordance with the provisions of the QA program described in Chapter 13.

Users may effectuate the inter-cask transfer of the MPC between the HI-TRAC transfer cask
and either the HI-STORM 100 or the HI-STAR 100 overpack in a location of their choice,
depending upon site-specific needs and capabilities. For those users choosing to perform the
MPC inter-cask transfer using devices not integral to structures governed by the regulations of
10 CFR Part 50 (e.g., fuel handling or reactor building), a Cask Transfer Facility (CTF) is
required. The CTF is a stand-alone facility located on-site, near the ISFSI that incorporates or
is compatible with lifting devices designed to lift a loaded or unloaded HI-TRAC transfer cask,
place it atop the overpack, and transfer the loaded MPC to or from the overpack. The detailed
design criteria which must be followed for the design and operation of the CTF are set down in
Paragraphs A through R below.
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The inter-cask transfer operations consist of the following potential scenarios of MPC transfer:

* Transfer between a HI-TRAC transfer cask and a HI-STORM overpack
* Transfer between a HI-TRAC transfer cask and a HI-STAR 100 overpack

In both scenarios, the standard design HI-TRAC is mounted on top of the overpack (HI-STAR
100, HI-STORM 100, HI-STORM IOOS) and the MPC transfer is carried out by opening the
transfer lid doors located at the bottom of the HI-TRAC transfer cask and by moving the MPC
vertically to the cylindrical cavity of the recipient cask. For the HI-TRAC l00D and 125D
designs, the MPC transfer is carried out in a similar fashion, except that there is no transfer lid
involved - the pool lid is removed while the transfer cask is mounted atop the HI-STORM
overpack with the HI-STORM mating device located between the two casks (see Figure 1.2.18).
However, the devices utilized to lift the HI-TRAC cask to place it on the overpack and to
vertically transfer the MPC may be of stationary or mobile type.

The specific requirements for the CTF employing stationary and mobile lifting devices are
somewhat different. The requirements provided in the following specification for the CTF apply
to both types of lifting devices, unless explicitly differentiated in the text.

1. General Specifications:

The cask handling functions which may be required of the Cask Transfer
Facility include:

a. Upending and downending of a HI-STAR 100 overpack on a
flatbed rail car or other transporter (see Figure 2.3.1 for an
example).

b. Upending and downending of a HI-TRAC transfer cask on a
heavy-haul transfer trailer or other transporter (see Figure 2.3.2
for an example)

c. Raising and placement of a HI-TRAC transfer cask on top of a
HI-STORM 100 overpack for MPC transfer operations (see
Figure 2.3.3 for an example of the cask arrangement with the
standard design HI-TRAC transfer cask. The HI-TRAC 100D
and 125D designs would include the mating device and no
transfer lid).

d. Raising and placement of a HI-TRAC transfer cask on top of a
HI-STAR 100 overpack for MPC transfer operations (see Figure
2.3.4 for an example of the cask arrangement with the standard
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design HI-TRAC transfer cask. The HI-TRAC IOOD and 125D
designs would include the mating device and no transfer lid).

e. MPC transfer between the HI-TRAC transfer cask and the HI-
STORM overpack.

f. MPC transfer between the HI-TRAC transfer cask and the HI-
STAR 100 overpack.

ii. Other Functional Requirements:

The CTF should possess facilities and capabilities to support cask
operations such as

a. Devices and areas to support installation and removal of the HI-
STORM overpack lid.

b. Devices and areas to support installation and removal of the HI-
STORM 100 overpack vent shield block inserts.

c. Devices and areas to support installation and removal of the HI-
STAR 100 closure plate.

d. Devices and areas to support installation and removal of the HI-
STAR 100 transfer collar.

e. Features to support positioning and alignment of the HI-STORM
overpack and the HI-TRAC transfer cask.

f. Features to support positioning and alignment of the HI-STAR
100 overpack and the HI-TRAC transfer cask.

g. Areas to support jacking of a loaded HI-STORM overpack for
insertion of a translocation device underneath.

h. Devices and areas to support placement of an empty MPC in the
HI-TRAC transfer cask or HI-STAR 100 overpack

Devices and areas to support receipt inspection of the MPC, HI-
TRAC transfer cask, HI-STORM overpack, and HI-STAR
overpack.
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j. Devices and areas to support installation and removal of the HI-
STORM mating device (HI-TRAC IOOD and 125D only).

iii. Definitions:

The components of the CTF covered by this specification consist of all
structural members, lifting devices, and foundations which bear all or a
significant portion of the dead load of the transfer cask or the multi-
purpose canister during MPC transfer operations. The definitions of key
terms not defined elsewhere in this FSAR and used in this specification
are provided below. The following terms are used to define key
components of the CTF.

* Connector Brackets: The mechanical part used in the load path
which connects to the cask trunnions. A fabricated weldment,
slings, and turnbuckles are typical examples of connector
brackets.

* CTF structure: The CTF structure is the stationary, anchored
portion of the CTF which provides the required structural
function to support MPC transfer operations, including lateral
stabilization of the HI-TRAC transfer cask and, if required, the
overpack, to protect against seismic events. The MPC lifter, if
used in the CTF design, is integrated into the CTF structure (see
Lifter Mount).

* HI-TRAC lifter(s): The HI-TRAC lifter is the mechanical lifting
device, typically consisting of jacks or hoists, that is utilized to
lift a loaded or unloaded HI-TRAC to the required elevation in
the CTF so that it can be mounted on the overpack.t

* Lifter Mount: A beam-like structure (part of the CTF structure)
that supports the HI-TRAC and MPC lifter(s).

* Lift Platform: The lift platform is the intermediate structure that
transfers the vertical load of the HI-TRAC transfer cask to the
HI-TRAC lifters.

t The term overpack is used in this specification as a generic teni for the HI-STAR 100 and the

various HI-STORM overpacks.
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Mobile crane: A mobile crane is a device defined in ASME
B30.5-1994, Mobile and Locomotive Cranes. A mobile crane
may be used in lieu of the HI-TRAC lifter and/or an MPC lifter
provided all requirements set forth in this subsection are
satisfied.

MPC lifter: The MPC lifter is a mechanical lifting device,
typically consisting ofjacks or hoists, that is utilized to vertically
transfer the MPC between the HI-TRAC transfer cask and the
overpack.

* Pier: The portion of the reinforced concrete foundation which
projects above the concrete floor of the CTF.

Single-Failure-Proof (SFP): A single-failure-proof handling
device is one wherein all directly loaded tension and
compression members are engineered to satisfy the enhanced
safety criteria given in of NUREG-0612.

Translocation Device: A low vertical profile device used to
laterally position an overpack such that the bottom surface of the
overpack is fully supported by the top surface of the device.
Typical translocation devices are airpads and Hillman rollers.

iv. Important to Safety Designation:

All components and structures which comprise the CTF shall be given
an ITS category designation in accordance with a written procedure
which is consistent with NUREG/CR-6407 and the Holtec quality
assurance program.

B. Environmental and Design Conditions

Lowest Service Temperature (LST): The LST for the CTF is 0°F
(consistent with the specification for the HI-TRAC transfer cask in
Subsection 3.1.2.3).

ii. Snow and Ice Load, S: The CTF structure shall be designed to withstand
the dead weight of snow and ice for unheated structures as set forth in
ASCE 7-88 [2.2.2] for the specific ISFSI site.
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iii. Tornado Missile, M, and Tornado Wind,W': The tornado wind and
tomado-generated missile data applicable to the HI-STORM 100 System
(Tables 2.2.4 and 2.2.5) will be used in the design of the CTF structure
unless existing site design basis data or a probabilistic risk assessment
(PRA) for the CTF site with due consideration of short operation
durations indicates that a less severe tornado missile impact or wind
loading on the CTF structure can be postulated. The PRA analysis can
be performed in the manner of the EPRI Report NP-2005, "Tornado
Missile Simulation and Design Methodology Computer Code Manual".
USNRC Reg. Guide 1.117 and Section 2.2.3 of NUREG-800 may be
used for guidance in establishing the appropriate tornado missile and
wind loading for the CTF structure.

The following additional clarifications apply to the large tornado missile
(4,000 lb. automobile) in Tables 2.2.4 and 2.2.5 in the CTF structure
analysis:

" The missile has a platform area of 20 sq. ft. and impact
force characteristics consistent with the HI-TRAC
missile impact analysis.

* The large missile can strike the CTF structure in any
orientation up to an elevation of 15 feet.

If the site tornado missile data developed by the ISFSI owner suggests
that tornado missiles of greater kinetic energies than that postulated in
this FSAR (Table 2.2.4 and 2.2.5) should be postulated for CTF during
its use, then the integrity analysis of the CTF structure shall be carried
out under the site-specific tornado missiles. This situation would also
require the HI-TRAC transfer cask and the overpack to be re-evaluated
under the provisions of 1OCFR72.212 and 72.48.

The wind speed specified in this FSAR (Tables 2.2.4 and 2.2.5),
likewise, shall be evaluated for their applicability to the site. Lower or
higher site-specific wind velocity, compared to the design basis values
cited in this FSAR shall be used if justified by appropriate analysis,
which may include PRA.

Intermediate penetrant missile and small missiles postulated in this
FSAR are not considered to be a credible threat to the functional
integrity of the CTF structure and, therefore, need not be considered.
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iv. Flood: The CTF will be assumed to be flooded to the highest elevation
for the CTF facility determined from the local meteorological data. The
flood velocity shall be taken as the largest value defined for the ISFSI
site.

v. Lightning: Meteorological data for the region surrounding the ISFSI site
shall be used to specify the applicable lightning input to the CTF
structure for personnel safety evaluation purposes.

vi. Water Waves (Tsunami, Y): Certain coastal CTF sites may be subject to
sudden, short duration waves of water, denoted in the literature by
various terms, such as tsunami. If the applicable meteorological data for
the CTF site indicates the potential of such water-borne loadings on the
CTF structure, then such a loading, with due consideration of the short
duration of CTF operations, shall be defined for the CTF structure.

vii. Design Basis Earthquake (DBE), E: The DBE event applicable to the
CTF facility pursuant to I OCFR 100, Appendix A, shall be specified. The
DBE should be specified as a set of response spectra or acceleration
time-histories for use in the CTF structural and impact consequence
analyses.

viii. Design Temperature: All material properties used in the stress analysis
of the CTF structure shall utilize a reference design temperature of
150 0F.

C. Heavy Load Handling:

i. Apparent dead load, D*: The dead load of all components being lifted
shall be increased in the manner set forth in Subsection 3.4.3 to define
the Apparent Dead Load, D*.

ii. NUREG-0612 Conformance:

The Connector Bracket, HI-TRAC lifter, and MPC lifter shall comply
with the guidance provided in NUREG-0612 (1980) for single failure
proof devices. Where the geometry of the lifting device is different from
the configurations contemplated by NUREG-0612, the following
exceptions apply:

a. Mobile cranes at the CTF shall conform to the guidelines of
Section 5.1.1 of NUREG-0612 with the exception that mobile
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cranes shall meet the requirements of ANSI B30.5, "Mobile and
Locomotive Cranes", in lieu of the requirements of ANSI B30.2,
"Overhead and Gantry Cranes". The mobile crane used shall
have a minimum safety factor of two over the allowable load
table for the crane in accordance with Section 5.1.6(l)(a) of
NUREG-0612, and shall be capable of stopping and holding the
load during a DBE event.

b. Section 5.1.6(2) of NUREG-0612 specifies that new cranes
should be designed to meet the requirements. of NUREG-0554.
For mobile cranes, the guidance of Section 5.1.6(2) of NUREG-
0612 does not apply.

iii. Defense-in-Depth Measures:

*a. The lift platform and the lifter mount shall be designed to ensure
that the stresses produced under the apparent dead load, D*, are
less than the Level A (normal condition) stress limits for ASME
Section III, Subsection NF, Class 3, linear structures.

b. The CTF structure shall be designed to ensure that the stresses
produced in it under the apparent dead load, D*, are less than the
Level A (normal condition) stress limits for ASME Section III,
Subsection NF, Class 3, linear structures.

c. Maximum deflection of the lift platform and the lifter mount
under the apparent dead load shall comply with the limits set
forth in CMAA-70.

d. When the HI-TRAC transfer cask is stacked on the overpack,
HI-TRAC shall be either held by the lifting device or laterally
restrained by the CTF structure. Furthermore, when the HI-
TRAC transfer cask is placed atop the overpack, the overpack
shall be laterally restrained from uncontrolled movement, if
required by the analysis specified in Subsection 2.3.3. I.N.

e. The design of the lifting system shall ensure that the lift platform
(or lift frame) is held horizontal at all times and that the
symmetrically situated axial members are symmetrically loaded.

f. In order to minimize occupational radiation exposure to ISFSI
personnel, design of the MPC lifting attachment (viz., sling)
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should not require any human activity inside the HI-TRAC
cylindrical space.

g. The HI-TRAC lifter and MPC lifter shall possess design features
to avoid side-sway of the payload during lifting operations.

h. The lifter (HI-TRAC and MPC) design shall ensure that any
electrical malfunction in the motor or the power supply will not
lead to an uncontrolled lowering of the load.

The kinematic stability of HI-TRAC or HI-STORM standing
upright in an unrestrained configuration (if such a condition
exists during the use of the CTF) shall be analytically evaluated
and ensured under all postulated extreme environmental
phenomena loadings for the CTF facility.

iv. Shielding Surety:

The design of the HI-TRAC and MPC lifters shall preclude the potential
for the MPC to be removed, completely or partially, from the cylindrical
space formed by the HI-TRAC and the underlying overpack.

v. Specific Requirements for Mobile Cranes:

A mobile crane, if used in the CTF in the role of the HI-TRAC lifter or
MPC lifter is governed in part by ANSI/ASME N45.2.15 with technical
requirements specified in ANSI B30.5 (1994).

When lifting the MPC from an overpack to the HI-TRAC transfer cask,
limit switches or load limiters shall be set to ensure that the mobile crane
is prevented from lifting loads in excess of 110% of the loaded MPC
weight.

An analysis of the consequences of a potential MPC vertical drop which
conforms to the guidelines of Appendix A to NUREG-0612 shall be
performed. The analysis shall demonstrate that a postulated drop would
not result in the MPC experiencing a deceleration in excess of its design
basis deceleration specified in this FSAR.

vi. Lift Height Limitation: The HI-TRAC lift heights shall be governed by
the Technical Specifications.
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vii. Control of Side Sway: Procedures shall provide provisions to ensure that
the load is lifted essentially vertically with positive control of the load.
Key cask lifting and transfer procedures, as determined by the user,
should be reviewed by the Certificate Holder before their use.

D. Loads and Load Combinations for the CTF Structure

The applicable loadings for the CTF have been summarized in paragraph B in
the preceding. A stress analysis of the CTF structure shall be performed to
demonstrate compliance with the Subsection NF stress limits for Class 3 linear
structures for the service condition germane to each load combination. Table
2.3.2 provides the load combinations (the symbols in Table 2.3.2 are defined in
the preceding text and in Table 2.2.13).

E. Materials and Failure Modes

i. Acceptable Materials and Material Properties: All materials used in the
design of the CTF shall be ASTM approved or equal, consistent with the
ITS category of the part. Reinforced concrete, if used, shall comply with
the provisions of ACI 318 (89). The material property and allowable
stress values for all steel structures shall be taken from the ASME and
B&PV Code, Section II, wherever such data is available; otherwise, the
data provided in the ASTM standards shall be used.

ii. Brittle Fracture: All structural components in the CTF structure and the
lift platform designated as primary load bearing shall have an NDTT
equal to 0°F or lower (consistent with the ductile fracture requirements
for ASME Section III, Subsection NF, Class 3 structures).

iii. Fatigue: Fatigue failure modes of primary structural members in the CTF
structure whose failure may result in uncontrolled lowering of the HI-
TRAC transfer cask or the MPC (critical members) shall be evaluated. A
minimum factor of safety of 2 on the number of permissible loading
cycles on the critical members shall apply.

iv. Buckling: For all critical members in the CTF structure (defined above),
potential failure modes through buckling under axial compression shall
be considered. The margin of safety against buckling shall comply with
the provisions of ASME Section III, Subsection NF, for Class 3 linear
structures.
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F. CTF Pad

A reinforced concrete pad in conformance with the specification for the ISFSI
pad set forth in this FSAR (see Table 2.2.9) may be used in the region of the
CTF where the overpack and HI-TRAC are stacked for MPC transfer.
Alternatively, the pad may be designed using the guidelines of ACI-318(89).

G. Miscellaneous Components

Hoist rings, turnbuckles, slings, and other appurtenances which are in the load
path during heavy load handling at the CTF shall be single-failure-proof.

H. Structural Welds

All primary structural welds in the CTF structure shall comply with the
specifications of ASME Section III for Class 3 NF linear structures.

1. Foundation

The design of the CTF structure foundation and piers, including load
combinations, shall be in accordance with ACI-318(89).

J. Rail Access

The rail lines that enter the Cask Transfer Facility shall be set at grade level
with no exposed rail ties or hardware other than the rail itself.

K. Vertical Cask Crawler/Translocation Device Access (If Required)

The cask handling bay in the CTF shall allow access of a vertical cask
crawler or translocation device carrying a transfer cask or overpack. The
building floor shall be equipped with a smooth transition to the cask
travel route such that the vertical cask crawler tracks do not have to
negotiate sharp lips or slope transitions and the translocation devices
have a smooth transition. Grading of exterior aprons shall be no more
than necessary to allow water drainage.

ii. If roll-up doors are used, the roll up doors shall have no raised threshold
that could damage the vertical cask crawler tracks (if a crawler is used).

iii. Exterior aprons shall be of a material that will not be damaged by the
vertical cask crawler tracks, if a crawler is used.
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L. Facility Floor

The facility floor shall be sufficiently flat to allow optimum handling of
casks with a translocation device.

ii. Any floor penetrations, in areas where translocation device operations
may occur, shall be equipped with flush inserts.

iii. The rails, in areas where translocation device operations may occur shall
be below the finish level of the floor. Flush inserts, if necessary, shall be
sized for installation by hand.

M. Cask Connector Brackets

i. Primary lifting attachments between the cask and the lifting platform are
the cask connector brackets. The cask connector brackets may be
lengthened or shortened to allow for differences in the vehicle deck
height of the cask delivery vehicle and the various lifting operations.
The connector brackets shall be designed to perform cask lifting,
upending and downending functions. The brackets shall be designed in
accordance with ANSI N 14.6 [Reference 2.2.3] and load tested at 300%
of the load applied to them during normal handling.

ii. The connector brackets shall be equipped with a positive engagement to
ensure that the cask lifting attachments do not become inadvertently
disconnected during a seismic event and during normal cask handling
operations.

Mi. The design of the connector brackets shall ensure that the HI-TRAC
transfer cask is fully secured against slippage during MPC transfer
operations.

N. Cask Restraint System

A time-history analysis of the stacked overpack/HI-TRAC transfer cask
assemblage under the postulated ISFSI Level D events in Table 2.3.2 shall be
performed to demonstrate that a minimum margin of safety of 1.1 against
overturning or kinematic instability exists and that the CTF structure complies
with the applicable stress limits (Table 2.3.2) and that the maximum permissible
deceleration loading specified in the FSAR is not exceeded. If required to meet
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the minimum margin of safety of 1. 1, a cask restraining system shall be
incorporated into the design of the Cask Transfer Facility to provide lateral
restraint to the overpack (HI-STORM or HI-STAR 100).

0. Design Life

The Cask Transfer Facility shall be constructed to have a minimum design life
of 40 years.

P. Testing Requirements

In addition to testing recommended in NUREG-0612 (1980), a structural
adequacy test of the CTF structure at 125% of its operating load prior to its first
use in a cask loading campaign shall be performed. This test should be
performed in accordance with the guidance provided in the CMAA Specification
70 [2.2.16].

Q. Quality Assurance Requirements

All components of the CTF shall be manufactured in full compliance with the
quality assurance requirements applicable to the ITS category of the component
as set forth in the Holtec QA program.

R. Documentation Requirements

O&M Manual: An Operations and Maintenance Manual shall be
prepared which contains, at minimum, the following items of
information:

* Maintenance Drawings
* Operating Procedures

ii. Design Report: A QA-validated design report documenting full
compliance.with the provisions of this specification shall be prepared
and archived for future reference in accordance with the provisions of
the Holtec QA program.

2.3.3.2 Instrumentation

As a consequence of the passive nature of the HI-STORM 100 System, instrumentation which
is important to safety is not necessary. No instrumentation is required or provided for HI-
STORM 100 storage operations, other than normal security service instruments and TLDs.
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However, in lieu of performing the periodic inspection of the HI-STORM overpack vent
screens, temperature elements may be installed in two of the overpack exit vents to
continuously monitor the air temperature. If the temperature elements and associated
temperature monitoring instrumentation are used, they shall be designated important to safety as
specified in Table 2.2.6.

The temperature elements and associated temperature monitoring instrumentation provided to
monitor the air outlet temperature shall be suitable for a temperature range of -40'F to 500'F.
At a minimum, the temperature elements and associated temperature monitoring
instrumentation shall be calibrated for the temperatures of 320F (ice point), 212TF (boiling
point), and 449°F (melting point of tin) with, an accuracy of +/- 4°F.

2.3A4 Nuclear Criticality Safety

The criticality safety criteria stipulates that the effective neutron multiplication factor, keff,
including statistical uncertainties and biases, is less than 0.95 for all postulated arrangements of
fuel within the cask under all credible conditions.

2.3,4.1 Control Methods for Prevention of Criticality

The control methods and design features used to prevent criticality for all MPC configurations
are the following:

a. Incorporation of permanent neutron absorbing material in the MPC fuel basket
walls.

b. Favorable geometry provided by the MPC fuel basket

Additional control methods used to prevent criticality for the MPC-24, MPC-24E, and MPC-
24EF (all with higher enriched fuel), and the MPC-32 and MPC-32F are the following:

a. Loading of PWR fuel assemblies must be performed in water with a minimum
boron content as specified in Table 2.1.14 or 2.1.16, as applicable.

b. Prevention of fresh water entering the MPC internals.

Administrative controls and shall be used to ensure that fuel placed in the HI-STORM 100
System meets the requirements described in Chapters 2 and 6. All appropriate criticality
analyses are presented in Chapter 6.
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2.3.4.2 Error Contingency Criteria

Provision for error contingency is built into the criticality analyses performed in Chapter 6.
Because biases and uncertainties are explicitly evaluated in the analysis, it is not necessary to
introduce additional contingency for error.

2.3.4.3 Verification Analyses

In Chapter 6, critical experiments are selected which reflect the design configurations. These
critical experiments are evaluated using the same calculation methods, and a suitable bias is
incorporated in the reactivity calculation.

2.3.5 Radiological Protection

2.3.5.1 Access Control

As required by 10CFR72, uncontrolled access to the ISFSI is prevented through physical
protection means. A peripheral fence with an appropriate locking and monitoring system is a
standard approach to limit access. The details of the access control systems and procedures,
including division of the site into radiation protection areas, will be developed by the licensee
(user) of the ISFSI utilizing the HI-STORM 100 System.

2.3.5.2 Shielding

The shielding design is governed by 1 OCFR72.104 and 1 OCFR72.106 which provide radiation
dose limits for any real individual located at or beyond the nearest boundary of the controlled
area. The individual must not receive doses in excess of the limits given in Table 2.3.1 for
normal, off-normal, and accident conditions.

The objective of shielding is to assure that radiation dose rates at key locations are as low as
practical in order to maintain occupational doses to operating personnel As Low As Reasonably
Achievable (ALARA) and to meet the requirements of 10 CFR 72.104 and 10 CFR 106 for dose
at the controlled area boundary. Three locations are of particular interest in the storage mode:

immediate vicinity of the cask
restricted area boundary
controlled area (site) boundary

Dose rates in the immediate vicinity of the loaded overpack are important in consideration of
occupational exposure. Conservative, evaluations of dose rate have been performed and are
described in Chapter 5 based on the contents of the BWR and PWR MPCs permitted for storage
as described in Section 2.1.9. Actual dose rates in operation will be lower than those reported
in Chapter 5 for the following reasons:

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
REPORT HI-2002444 2.3-18

HI-STORM 100 Rev. 5 - 6/21/07



* The shielding evaluation model has a number of conservatisms, as discussed in Chapter
5.

* No single cask will likely contain design basis fuel in each fuel storage location and the
full compliment of non-fuel hardware allowed by Section 2.1.9.

" No single cask will contain fuel and non-fuel hardware at the limiting burnups and
cooling times allowed by Section 2.1.9.

Consistent with 10 CFR 72, there is no single dose rate limit established for the HI-STORM 100
System. Compliance with the regulatory limits on occupational and controlled area doses is
performance-based, as demonstrated by dose monitoring performed by each cask A design
objective for the maximum average radial surface dose rate has been established as 135
mrem/hr. Areas adjacent to the inlet and exit vents which pass through the radial shield are
limited to 135 mrem/hr. The average dose rate at the top of the overpack is limited to below 60
mrem/hr. Chapter 5 of this FSAR presents the analyses and evaluations to establish HI-STORM
100 compliance with these design objectives.

Because of the passive nature of the HI-STORM 100 System, human activity related to the
system is infrequent and of short duration. Personnel exposures due to operational and
maintenance activities are discussed in Chapter 10. Chapter 10 also provides information
concerning temporary shielding which may be utilized to reduce the personnel dose during
loading, unloading, transfer, and handling operations. The estimated occupational doses for
personnel comply with the requirements of 1OCFR20.

For the loading and unloading of the HI-STORM overpack with the MPC, several transfer cask
designs are provided (i.e., HI-TRAC 125, HI-TRAC 100, HI-TRAC 100D and HI-TRAC
125D). The two 125 ton HI-TRAC provide better shielding than the HI-TRAC IOOD and 125D
due to the increased shielding thickness and corresponding greater weight. Provided the licensee
is capable of utilizing the 125 ton HI-TRAC, ALARA considerations would normally dictate
that the 125 ton HI-TRAC should be used. However, sites may not be capable of utilizing the
125 ton HI-TRAC due to crane capacity limitations, floor loading limitations, or other site-
specific considerations. As with other dose reduction-based plant activities, individual users
who cannot accommodate the 125 ton HI-TRAC should perform a cost-benefit analysis of the
actions (e.g., plant modifications) that would be necessary to use the 125 ton HI-TRAC. The
cost of the action(s) would be weighed against the value of the projected reduction in radiation
exposure and a decision made based on each plant's particular ALARA implementation
philosophy.

Dose rates at the restricted area and site boundaries shall be in accordance with applicable
regulations. Licensees shall demonstrate compliance with 1OCFR72.104 and 1OCFR72.106 for
the actual fuel being stored, the ISFSI storage array, and the controlled area boundary distances.
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The analyses presented in Chapters 5, 10, and 11 demonstrate that the HI-STORM 100 System
is capable of meeting the above radiation dose limits.

2.3.5.3 Radiological Alarm System

There are no credible events that could result in release of radioactive materials or increases in
direct radiation above the requirements of lOCFR72.106.

2.3.6 Fire and Explosion Protection

There are no combustible or explosive materials associated with the HI-STORM 100 System.
No such materials would be stored within an ISFSI. However, for conservatism we have
analyzed a hypothetical fire accident as a bounding condition for HI-STORM 100. An
evaluation of the HI-STORM 100 System in a fire accident is discussed in Chapter 11.

Small overpressures may result from accidents involving explosive materials which are stored
or transported near the site. Explosion is an accident loading condition considered in Chapter
11.
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Table 2.3.1

RADIOLOGICAL SITE BOUNDARY REQUIREMENTS

BOUNDARY OF CONTROLLED AREA (m) (minimum) 100
NORMAL AND OFF-NORMAL CONDITIONS:

Whole Body (mrem/yr) 25
Thyroid (mrem/yr) 75
Any Other Critical Organ (mrem/yr) 25

DESIGN BASIS ACCIDENT:
TEDE (rem) 5

DDE + CDE to any individual organ or tissue (other 50

than lens of the eye) (rem)

Lens dose equivalent (rem) 15

Shallow dose equivalent to skin or any extremity 50

(rem)
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Table 2.3.2

Load Combinationst and Service Condition Definitions for the CTF Structure

Service Condition for

Load Combination Section III of the ASME
Code for Definition of Comment

Allowable Stress

D* Level A All primary load bearing
members must satisfy Level

D+S Level A A stress limits.

D+Mtt+W'

D+F Factor of safety against
Level D overturning shall be > 1.1

D+E
or

D+Y

The reinforced concrete portion of the CTF structure shall also meet factored combinations of the

above loads set forth in ACI-318(89).

tf This load may be reduced or eliminated based on a PRA for the CTF site.
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2.4 DECOMMISSIONING CONSIDERATIONS

Efficient decommissioning of the ISFSI is a paramount objective of the HI-STORM 100 System.
The HI-STORM 100 System is ideally configured to facilitate rapid, safe, and economical
decommissioning of the storage site.

The MPC is being licensed for transport off-site in the HI-STAR 100 dual-purpose cask system
(Reference Docket No. 71-9261). No further handling of the SNF stored in the MPC is required
prior to transport to a licensed centralized storage facility or licensed repository.

The MPC, which holds the SNF assemblies is engineered to be suitable as a waste package for
permanent internment in a deep Mined Geological Disposal System (MGDS). The materials of
construction permitted for the MPC are known to be highly resistant to severe environmental
conditions. No carbon steel, paint, or coatings are used or permitted in the MPC. Therefore, the SNF
assemblies stored in the MPC should not need to be removed. However, to ensure, a practical,
feasible method to defuel the MPC, the top of the MPC is equipped with sufficient gamma shielding
and markings locating the drain and vent locations to enable semiautomatic (or remotely actuated)
boring of the MPC lid to provide access to the MPC vent and drain. The circumferential welds of the
MPC lid closure ring can be removed by semiautomatic or remotely actuated means, providing
access to the SNF.

Likewise, the overpack consists of steel and concrete rendering it suitable for permanent burial.
Alternatively, the MPC can be removed from the overpack, and the latter reused for storage of other
MPCs.

In either case, the overpack would be expected to have no interior or exterior radioactive surface
contamination. Any neutron activation of the steel and concrete is expected to be extremely small,
and the assembly would qualify as Class A waste in a stable form based on definitions and
requirements in 1OCFR61.55. As such, the material would be suitable for burial in a near-surface
disposal site as Low Specific Activity (LSA) material.

If the MPC needs to be opened and separated from the SNF before the fuel is placed into the MGDS,
the MPC interior metal surfaces will be decontaminated using existing mechanical or chemical
methods. This will be facilitated by the MPC fuel basket and interior structures' smooth metal
surfaces designed to minimize crud traps. After the surface contamination is removed, the MPC
radioactivity will be diminished significantly, allowing near-surface burial or secondary applications
at the licensee's facility;

It is also likely that both the overpack and MPC, or extensive portions of both, can be further
decontaminated to allow recycle or reuse options. After decontamination, the only radiological
hazard the HI-STORM 100 System may pose is slight activation of the HI-STORM 100 materials
caused by irradiation over a 40-year storage period.
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Due to the design of the HI-STORM 100 System, no residual contamination is expected to be left
behind on the concrete ISFSI pad. The base pad, fence, and peripheral utility structures will require
no decontamination or special handling after the last overpack is removed.

To evaluate the effects on the MPC and HI-STORM overpack caused by irradiation over a 40-year
storage period, the following analysis is provided. Table 2.4.1 provides the conservatively
determined quantities of the major nuclides after 40 years of irradiation. The calculation of the
material activation is based on the following:

Beyond design basis fuel assemblies (B&W 15x 15, 4.8% enrichment, 70,000 MWD/MTU,

and five-year cooling time) stored for 40 years. A constant source term for 40 years was used
with no decrease in the neutron source term. This bounds the source term associated with
the limiting PWR burnup of 68,200 MWD/MTU.

Material quantities based on the drawings in Section 1.5.

A constant flux equal to the initial loading condition is conservatively assumed for the full

40 years.

Material activation is based on MCNP-4A calculations.

As can be seen from the material activation results presented in Table 2.4.1, the MPC and HI-
STORM overpack activation is very low, even including the very conservative assumption of a
constant flux for 40 years. The results for the concrete in the HI-STORM overpack can be
conservatively applied to the ISFSI pad. This is extremely conservative because the overpack shields
most of the flux from the fuel and, therefore, the ISFSI pad will experience a minimal flux.

In any case, the HI-STORM 100 System would not impose any additional decommissioning
requirements on the licensee of the ISFSI facility per lOCFR72.30, since the HI-STORM 100
System could eventually be shipped from the site.
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Table 2.4.1
MPC ACTIVATION

Nuclide Activity After 40-Year Storage
(Ci/m)

54Mn 2.20e-3
55Fe 3.53e-3
59Ni 2.91 e-6
60Co 3.11 e-4

63Ni 9.87e-5

Total 6.15e-3

HI-STORM OVERPACK ACTIVATION

Nuclide 1 Activity After 40-Year Storage
Nuclide _ (Ci/m 3)

Overpack Steel
54Mn 3.62e-4
55Fe 7.18e-3

Total 7.18e-3

Overpack Concrete
39Ar 3.02e-6
4 1Ca 2.44e-7
54Mn 1.59e-7
55Fe 2.95e-5

Total 3.43e-5
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2.5 REGULATORY COMPLIANCE

Chapter 2 provides the principal design criteria related to structures, systems, and components
important to safety. These criteria include specifications regarding the fuel, as well as, external
conditions that may exist in the operating environment during normal and off-normal operations,
accident conditions, and natural phenomena events. The chapter has been written to provide
sufficient information to allow verification of compliance with 1OCFR72, NUREG-1536, and
Regulatory Guide 3.61. A more detailed evaluation of the design criteria and an assessment of
compliance with those criteria is provided in Chapters 3 through 13.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR
REPORT HI-2002444 2.5-1

Rev. 0

HI-STORM 100 Rev. 5 - 6/21/07



2.6 REFERENCES

[2.0.1] American Concrete Institute, "Building Code Requirements for Structural
Concrete", ACI 318-95, ACI, Detroit, Michigan.

[2.0.2] American Concrete Institute, "Code Requirements for Nuclear Safety Related
Concrete Structures", ACI 349-85, ACI, Detroit, Michigant

[2.0.3] Deleted.

[2.0.4] NRC Regulatory Guide 7.10, "Establishing Quality Assurance Programs for
Packaging Used in the Transport of Radioactive Material," USNRC, Washington,
D.C. Rev. 1 (1986).

[2.0.5] J.W. McConnell, A.L. Ayers, and M.J. Tyacke, "Classification of Transportation
Packaging and Dry Spent Fuel Storage System Component According to
Important to Safety," Idaho Engineering Laboratory, NUREG/CR-6407, INEL-
95-0551, 1996.

[2.0.6] NUREG-1567, Standard Review Plan for Spent Fuel Dry Storage Facilities,
March 2000

[2.0.7] ASME Code, Section II, Subsection NF and Appendix F, and Code Section II,
Part D, Materials, 1995, with Addenda through 1997.

[2.0.8] "Cladding Considerations for the Transportation and Storage of Spent Fuel,"
USNRC Interim Staff Guidance-11, Revision 3, November 17, 2003.

[2.0.9] USNRC Memorandum from Christopher L. Brown to M. Wayne Hodges,
"Scoping Calculations for Cladding Hoop Stresses in Low Burnup Fuel," dated
January 29,2004.

[2.1.1] ORNL/TM- 10902, "Physical Characteristics of GE BWR Fuel Assemblies", by
R.S. Moore and K.J. Notz, Martin Marietta (1989).

[2.1.2] U.S. DOE SRC/CNEAF/96-01, Spent Nuclear Fuel Discharges from U.S.

Reactors 1994, Feb. 1996.

[2.1.3] Deleted.

[2.1.4] Deleted.

t The 1997 edition of ACI-349 is specified for ISFSI pad and embedment design for deployment of the anchored HI-

STORM IOOA and HI-STORM IOOSA.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

HI-STORM FSAR Rev. 3
REPORT HI-2002444 2.6-1

HI-STORM 100 Rev. 5 - 6/21/07



[2.1.5] NUREG-1536, SRP for Dry Cask Storage Systems, USNRC, Washington, DC,
January 1997.

[2.1.6] DOE Multi-Purpose Canister Subsystem Design Procurement. Specification.

[2.1.7] S.E. Turner, "Uncertainty Analysis - Axial Burnup Distribution Effects,"
presented in "Proceedings of a Workshop on the Use of Burnup Credit in
Spent Fuel Transport Casks", SAND-89-0018, Sandia National Laboratory,
Oct., 1989.

[2.1.8] Commonwealth Edison Company, Letter No. NFS-BND-95-083, Chicago,
Illinois.

[2.2.1] ASME Boiler & Pressure Vessel Code, American Society of Mechanical
Engineers, 1995 with Addenda through 1997.

[2.2.2] ASCE 7-88 (formerly ANSI A58.1), "Minimum Design Loads for Buildings
and Other Structures", American Society of Civil Engineers, New York, NY,
1990.

[2.2.3] ANSI N14.6-1993, "Special Lifting Devices for Shipping Containers
Weighing 10,000 Pounds (4500 Kg) or More", June 1993.

[2.2.4] Holtec Report HI-2012610, "Final Safety Analysis Report for the HI-STAR
100 Cask System", NRC Docket No. 72-1008, latest revision,.

[2.2.5] Holtec Report HI-951251, "Safety Analysis Report for the HI-STAR 100 Cask
System", NRC Docket No. 71-9261, latest revision.

[2.2.6] "Debris Collection System for Boiling Water Reactor Consolidation
Equipment", EPRI Project 3100-02 and ESEERCO Project EP91-29, October
1995.

[2.2.7] Design Basis Tornado for Nuclear Power Plants, Regulatory Guide 1.76, U.S.
Nuclear Regulatory Commission, April 1974.

[2.2.8] ANSI/ANS 57.9-1992, "Design Criteria for an Independent Spent Fuel Storage
Installation (dry type)", American Nuclear Society, LaGrange Park, Illinois.

[2.2.9] NUREG-0800, SRP 3.5.1.4, USNRC, Washington, DC.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 3
REPORT HI-2002444 2.6-2

HI-STORM 100 Rev. 5 - 6/21/07



[2.2.10] United States Nuclear Regulatory Commission Regulatory Guide 1.59,
"Design Basis Floods for Nuclear Power Plants", August 1973 and Rev. 1,
April 1976.

[2.2.11] "Estimate of Tsunami Effect at Diablo Canyon Nuclear Generating Station,
California." B.W. Wilson, PG&E (September 1985, Revision 1).

[2.2.12] Deleted.

[2.2.13] Deleted.

[2.2.14] Deleted.

[2.2.15] Deleted.

[2.2.16] Crane Manufacturer's Association of America (CMAA), Specification #70,
1988, Section 3.3.

HI-STORM FSAR
REPORT HI-200244L

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

4 2.6-3
Rev. 3

HI-STORM 100 Rev. 5 - 6/21/07



APPENDIX 2.A

GENERAL DESIGN AND CONSTRUCTION REQUIREMENTS FOR THE ISFSI PAD
FOR HI-STORM IOOA

2.A. 1 General Comments

As stated in Section 2.0.4, an ISFSI slab that anchors a spent fuel storage cask should be classified
as "important to safety." This classification of the slab follows from the provisions of 1OCFR72,
which require that the cask system retain its capacity to store spent nuclear fuel in a safe
configuration subsequent to a seismic or other environmental event. Since the slab for anchored HI-
STORM deployment is designated as ITS, the licensee is required to determine whether the reactor
site parameters, including earthquake intensity and large missiles, are enveloped by the cask design
bases. The intent of the regulatory criteria is to ensure that the slab meets all interface requirements
of the cask design and the geotechnical characteristics of the ISFSI site.

This appendix provides general requirements for design and construction of the ISFSI concrete pad
as an ITS structure, and also establishes the framework for ensuring that the ISFSI design bases are
clearly articulated. The detailed design of the ISFSI pad for anchored HI-STORM deployment shall
comply with the technical provisions set forth in this appendix.

2.A.2 General Requirements for ISFSI Pad

1. Consistent with the provisions of NUREG-1567 [2.0.6], all concrete work shall comply with
the requirements of ACI-349-97 [2.0.2].

2. All reinforcing steel shall be manufactured from high strength billet steel conforming to
ASTM designation A615 Grade 60.

3. The ISFSI owner shall develop appropriate mixing, pouring, reinforcing steel placement,
curing, testing, and documentation procedures to ensure that all provisions of ACI 349-97
[2.0.2] are met.

4. The placement, depth, and design and construction of the slab shall take into account the
depth of the frost line at the ISFSI location. The casks transmit a very small amount of heat
into the cask pad through conduction. The American Concrete Institute guidelines on
reinforced concrete design of ground level slabs to minimize thermal and shrinkage induced
cracking shall be followed.
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5. General Requirements for Steel Embedment: The steel embedment, excluding the pre-
tensioned anchorage studs, is required to follow the provisions stipulated in ACI 349-97
[2.0.2], Appendix B "Steel Embedment" and the associated Commentary on Appendix B, as
applicable. Later editions of this Code may be used provided a written reconciliation is
performed. Anexample of one acceptable embedment configuration is provided in Figure
2.A. I. Site-specific embedment designs may vary from this example, depending on the
geotechnical characteristics of the site-specific foundation. The embedment designer shall
consider any current, relevant test data in designing the pad embedment for HI-STORM
lO0A and HI-STORM lOOSA.

6. The ISFSI owner shall ensure that pad design analyses, using interface loads provided in this
report, demonstrate that all structural requirements of NUREG- 1567 and ACI-349-97 are
satisfied.

7. Unless the load handling device is designed in accordance with ANSI N14.6 and
incorporates redundant drop protection features, the ISFSI owner shall ensure that a
permissible cask carry height is computed for the site-specific pad/foundation configuration
such that the design basis deceleration set forth in this FSAR are not exceeded in the event of
a handling accident involving a vertical drop.

8. The ISFSI owner shall ensure that the pad/foundation configuration provides sufficient
safety margins for overall kinematic stability of the cask/pad/foundation assemblage.

9. The ISFSI owner shall ensure that the site-specific seismic inputs, established at the top
surface of the ISFSI pad, are bounded by the seismic inputs used as the design basis for the
attachment components. If required, the ISFSI owner shall perform additional analyses to
ensure that the site-specific seismic event or durations greater than the design basis event
duration analyzed in this report, do not produce a system response leading to structural
safety factors (defined as allowable stress (load) divided by calculated stress (load)) less than
1.0. Table 2.0.5 and Table 2.2.8 provide the limiting values of ZPAs in the three orthogonal
directions that must not be exceeded at an ISFSI site (on the pad top surface) to comply with
the general CoC for the HI-STORM IOA (and lOOSA) System.

10. An ISFSI pad used to support anchored HI-STORM overpacks, unlike the case of free
standing overpacks, may experience tensile (vertically upward) anchorage forces in addition
to compression loads. The reinforcing steel (pattern and quantity) must be selected to meet
the demands of the anchorage forces under seismic and other environmental conditions that
involve destabilizing loadings (such as the large tornado missile defined in this FSAR).

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR

Rev. 2
REPORT HI-2002444 2A-2

HI-STORM 100 Rev. 5 - 6/21/07



2.A.3 Steel Embedment for Anchored Casks

Figure 2.A. 1 shows a typical fastening arrangement for the HI-STORM 1OA System. The details of
the rebars in the pad (which are influenced by the geotechnical characteristics of the foundation and
its connection to the underlying continuum) are not shown in Figure 2.A.1. Representative
dimensions of the embedment and anchorage system are provided in Table 2.A. 1.

The embedment detail illustrated in Figure 2.A.1 is designed to resist a load equal to the ASME
Code, Section III Appendix F Level D load capacity of the cask anchor studs. The figure does not
show the additional reinforcement required to ensure that tensile cracking of concrete is inhibited
(see Figure B-4 in the Commentary ACI-349R-97) as this depends on the depth chosen for the ITS
ISFSI pad concrete. The ACI Code contemplates ductile failure of the embedment steel and requires
that the ultimate load capacity of the steel embedment be less than the limit pullout strength of the
concrete surrounding the embedment that resists the load transferred from the cask anchor stud. If
this criterion cannot be assured, then additional reinforcement must be added to inhibit concrete
cracking (per Subsection B.4.4 of Appendix B of ACI-349-97).

The anchor stud receptacle described in Figure 2.A. 1 is configured so that the cask anchor studs
(which interface with the overpack baseplate as well as the pad embedment per Table 2.0.5 and are
designed in accordance with ASME Section III, Subsection NF stress limits), sits flush with the
ISFSI top surface while the cask is being positioned. Thus, a translocation device such as an "air
pad" (that requires a flat surface) can be used to position the HI-STORM overpack at the designated
location. Subsequent to positioning of the cask, the cask anchor stud is raised, the anchor stud nut
installed, and the anchor stud preload applied. The transfer of load from the cask anchor stud to the
embedment is through the bearing surface of the lower head of the cask anchor stud and the upper
part of the anchor stud receptacle shown in the figure. The members of the anchoring system
illustrated in Figure 2.A. 1, as well as other geometries developed by the ISFSI designer, must meet
the following criteria:

The weakest structural link in the system shall be in the ductile member. In other
words, the tension capacity of the anchor stud/anchor receptacle group (based on the
material ultimate strengths) shall be less than the concrete pull-out strength
(computed with due recognition of the rebars installed in the pad).

ii. The maximum ratio of embedment plus cask anchor stud effective tensile stiffness to
the effective compressive stiffness of the embedment plus concrete shall not exceed
0.25 in order to ensure the effectiveness of the pre-load.

iii. The maximum axial stress in the cask anchor studs under normal and seismic
conditions shall be governed by the provisions of ASME Section III Subsection NF
(1995).
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iv. The load-bearing members of the HI-STORM 100A anchorage system shall be
considered important-to-safety. This includes the following components shown in
Figure 2.A. 1: anchor stud and nut, top ring, upper collar, anchor receptacle, and
anchor ring.

For sites with lower ZPA DBE events, compared to the limiting ZPAs set down in this FSAR, the
size of the anchor studs and their number can be appropriately reduced. However, the above three
criteria must be satisfied in all cases.
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Table 2.A. I

Typical Embedment and Anchoring Data*

Nominal diameter of the anchor stud, (inch) 2

Thickness of the embedment ring, (inch) 2

I.D. of the embedment ring, (inch) 130

Anchor receptacle:

Upper Position O.D. and I.D. (inch) O.D.: 2.5 / I.D.: 2.125 (min.)

Lower portion O.D. and I.D. (inch) O.D.: 4.875 / I.D.: 3.625 (min.)

Depth of anchor receptacle collar, d, (inch) 2.5

Free fall height of the anchor stud, he,( inch) 8

Representative Materials of Construction are as follows:t

Anchor Studs: Per Table 2.0.4

Anchor Receptacle: Low carbon steel such as A-36, A-105

Top Ring, Upper Collar, Anchor Ring: Low carbon steel such as A-36,
SA-516-Gr. 70

* Refer to Figure 2.A.1

t The ISFSI designer shall ensure that all permanently affixed embedment parts (such as the anchor receptacle) made
from materials vulnerable to deleterious environmental effects (e.g. low carbon steel) are protected through the use
of suitably engineered corrosion barrier. Alternatively, the selected material of construction must be innately capable
of withstanding the long term environmental conditions at the ISFSI site.
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Appendix 2.B The Forced Helium Dehydration (FHD) System

2.B. 1 System Overview

The Forced Helium Dehydration (FHD) system is used to remove the remaining moisture in the
MPC cavity after all of the water that can practically be removed through the drain line using a
hydraulic pump or an inert gas has been expelled in the water blowdown operation. The FHD
system is required to be used for MPCs containing at least one high burnup fuel assembly. The
FHD method of moisture removal is optional for all other MPCs.

Expelling the water from the MPC using a conventional pump or a water displacement method
using inert gas would remove practically all of the contained water except for the small quantity
remaining on the MPC baseplate below the bottom of the drain line and an even smaller adherent
amount wetting the internal surfaces. A skid-mounted, closed loop dehydration system will be
used to remove the residual water from the MPC such that the partial pressure of the trace
quantity of water vapor in the MPC cavity gas is brought down to < 3 torr. The FHD system,
engineered for this purpose, shall utilize helium gas as the working substance.

The FHD system, schematically illustrated in Figure 2.B.1, can be viewed as an assemblage of
four thermal modules, namely, (i) the condensing module, (ii) the demoisturizer module, (iii) the
helium circulator module and (iv) the pre-heater module. The condensing module serves to cool
the helium/vapor mixture exiting the MPC to a temperature well below its dew point such that
water may be extracted from the helium stream. The condensing module is equipped with
suitable instrumentation to provide a direct assessment of the extent of condensation that takes
place in the module during the operation of the FHD system. The demoisturizer module,
engineered to receive partially cooled helium exiting the condensing module, progressively chills
the recirculating helium gas to a temperature that is well below the temperature corresponding to
the partial pressure of water vapor at 3 torr.

The motive energy to circulate helium is provided by the helium circulator module, which is
sized to provide the pressure rise necessary to circulate helium at the requisite rate. The last item,
labeled the pre-heater module, serves to pre-heat the flowing helium to the desired temperature
such that it is sufficiently warm to boil off any water present in the MPC cavity.

The pre-heater module, in essence, serves to add supplemental heat energy to the helium gas (in
addition to the heat generated by the stored SNF in the MPG) so as to facilitate rapid conversion
of water into vapor form. The heat input from the pre-heater module can be adjusted in the
manner of a conventional electric heater so that the recirculating helium entering the MPC is
sufficiently dry and hot to evaporate water, but not unduly hot to place unnecessary thermal
burden on the condensing module.

The FHD system described in the foregoing performs its intended function by continuously
removing water entrained in the MPC through successive cooling, moisture removal and
reheating of the working substance in a closed loop. In a classical system of the FHD genre, the
moisture removal operation occurs in two discrete phases. In the beginning of the FHD system's
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operation (Phase 1), the helium exiting the MPC is laden with water vapor produced by boiling
of the entrained bulk water. The condensing module serves as the principal device to condense
out the water vapor from the helium stream in Phase 1. Phase 1 ends when all of the bulk water
in the MPC cavity is vaporized. At this point, the operation of the FHD system moves on to
steadily lowering the relative humidity and bulk temperature of thecirculating helium gas (Phase
2). The demoisturizer module, equipped with the facility to chill flowing helium, plays the
principal role in the dehydration process in Phase 2.

2.B.2 Design Criteria

The design criteria set forth below are intended to ensure that design and operation of the FHD
system will drive the partial pressure of the residual vapor in the MPC cavity to < 3 torr if the gas
has met the specified temperature or dew point value and duration criteria. The FHD system
shall be designed to ensure that during normal operation (i.e., excluding startup and shutdown
ramps) the following criteria are met:

i. The temperature of helium gas in the MPC shall be at least 15'F higher than the
saturation temperature at coincident pressure.

ii. The pressure in the MPC cavity space shall be less than or equal to 60.3 psig (75
psia).

iii. The recirculation rate of helium shall be sufficiently high (minimum hourly
throughput equal to ten times the nominal helium mass backfilled into the MPC for
fuel storage operations) so as to produce a turbulated flow regime in the MPC cavity.

iv. The partial pressure of the water vapor in the MPC cavity will not exceed 3 torr. The
limit will be met if the gas temperature at the demoisturizer outlet is verified by
measurement to remain < 21°F for > 30 minutes or if the dew point of the gas exiting
the MPC is verified by measurement to remain < 22.9°F for > 30 minutes.

In addition to the above system design criteria, the individual modules shall be designed in
accordance with the following criteria:

i. The condensing module shall be designed to de-vaporize the recirculating helium gas
to a dew point of 120'F or less.

ii. The demoisturizer module shall be configured to be introduced into its helium
conditioning function after the condensing module has been operated for the required
length of time to assure that the bulk moisture vaporization in the MPC (defined as
Phase 1 in Section 2.B. 1) has been completed.

iii. The helium circulator shall be sized to effect the minimum flow rate of circulation
required by the system design criteria described above.
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iv. The pre-heater module shall be engineered to ensure that the temperature of the
helium gas in the MPC meets the system design criteria described above.

2.B.3 Analysis Requirements

The design of the FHD system shall be subject to the confirmatory analyses listed below to
ensure that the system will accomplish the performance objectives set forth in this FSAR.

i. System thermal analysis in Phase 1: Characterize the rate of condensation in the
condensing module and helium temperature variation under Phase I operation
(i.e., the scenario where there is some unevaporated water in the MPC) using a
classical thermal-hydraulic model wherein the incoming helium is assumed to
fully mix with the moist helium inside the MPC.

ii. System thermal analysis in Phase 2: Characterize the thermal performance of the
closed loop system in Phase 2 (no unvaporized moisture in the MPG) to predict
the rate of condensation and temperature of the helium gas exiting the condensing
and the demoisturizer modules. Establish that the system design is capable to
ensure that partial pressure of water vapor in the MPC will reach < 3 torr if the
temperature of the helium gas exiting the demoisturizer is predicted to be at a
maximum of 21°F for 30 minutes.

iii. Fuel Cladding Temperature Analysis: A steady-state thermal analysis of the MPC
under the forced helium flow scenario shall be performed using the methodology
described in HI-STORM 100 FSAR Subsections 4.4.1.1.1 through 4.4.1.1.4 with
due recognition of the forced convection process during FHD system operation.
This analysis shall demonstrate that the peak temperature of the fuel cladding
under the most adverse condition of FHD system operation (design maximum
heat load, no moisture, and maximum helium inlet temperature), is below the
peak cladding temperature limit for normal conditions of storage 'for the
applicable fuel type (PWR or BWR) and cooling time at the start of dry storage.

2.B.4 Acceptance Testing

The first FHD system designed and built for the MPC drying function required by HI-STORM's
technical specifications shall be subject to confirmatory testing as follows:

a. A representative quantity of water shall be placed in a manufactured MPC (or
equivalent mock-up) and the closure lid and RVOAs installed and secured to create a
hermetically sealed container.

b. The MPC cavity drying test shall be conducted for the worst case' scenario (no heat
generation within the MPC available to vaporize water).
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c. The drain and vent line RVOAs on the MPC lid shall be connected to the terminals
located in the pre-heater and ýondensing modules of the FHD system..

d. The FHD system shall be operated through the moisture vaporization (Phase 1) and
subsequent dehydration (Phase 2). The FHD system operation will be stopped after
the temperature of helium exiting the demoisturizer module has been at or below 2 IF
for thirty minutes (nominal). Thereafter, a sample of the helium gas from the MPC
will be extracted and tested to determine the partial pressure of the residual water
vapor in it. The FHD system will be deemed to have passed the acceptance testing if
the partial pressure in the extracted helium sample is less than or equal to 3 torr.
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FIGURE 2.B. 1: SCHEMATIC OF THE FORCED HELIUM DEHYDRATION
SYSTEM
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Appendix 2.C

The Supplemental Cooling System

2.C. 1 Purpose

The Supplemental Cooling System (SCS) will be utilized, as necessary, to maintain the peak fuel
cladding temperature below the limit set forth in Chapter 2 of the FSAR during normal short-
term operations (as defined in Section 2.2).

2.C.2 General Description and Requirements

The SCS is a water circulation system for cooling the MPC inside the HI-TRAC transfer cask
during on-site transport. The system consists of a skid-mounted coolant pump and an air-cooled
heat exchanger. During normal SCS operation, heat is removed by water from the HI-TRAC
annulus and rejected to the heat sink (ambient air) across the air cooler heat exchange surfaces.
The SCS shall be designed to meet the following criteria:

(i) The pump is sized to limit the coolant temperature rise (from annulus inlet to outlet)
to a reasonably low value (20'F) and the air-cooled heat exchanger sized for the
design basis heat load at an ambient air temperature of 100TF. The pump and air-
cooler fan are powered by electric motors with a backup power supply for
uninterrupted operation.

(ii) The closed loop cooling circuit will utilize a contamination-free fluid medium in
contact with the external surfaces of the MPC and inside surfaces of the HI -TRAC
transfer cask to minimize corrosion. Figure 2.C. 1 shows a typical P&ID for a SCS.

(iii) The number of active components in the SCS will be minimized.

(iv) All passive components such as tubular heat exchangers, manually operated valves
and fittings shall be designed to applicable standards (TEMA, ANSI).

2.C.3 Thermal/Hydraulic Design Criteria

(i) The heat dissipation capacity of the SCS shall be equal to or greater than the
minimum necessary to ensure that the peak cladding temperature is below the ISG-
11, Rev. 3 limit of 4000C (752°F). All heat transfer surfaces in heat exchangers shall
be assumed to be fouled to the maximum limits specified in a widely used heat
exchange equipment standard such as the Standards of Tubular Exchanger
Manufacturers Association.

(ii) The coolant utilized to extract heat from the MPC shall be high purity water. Anti-
freeze may be used to prevent water from freezing if warranted by operating
conditions.
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2.C.4 Mechanical Requirements

(i) All pressure boundaries (as defined in the ASME Boiler and Pressure Vessel Code,
Section VIII Division 1) shall have pressure ratings that are greater than the
maximum system operating pressure by at least 15 psi.

(ii) All ASME Code components shall comply with Section VIII Division 1 of the ASME
Boiler and Pressure Vessel Code.

(iii) Prohibited Materials

The following materials will not be in contact with the system coolant in the SCS.

* Lead
* Mercury
* Sulfur
* Saran
* Silastic L8-53
* Cadmium
* Tin
* Antimony
* Bismuth
* Mischmetal
* Neoprene or similar gasket materials made of halogen containing elastomers
* Phosphorus
" Zinc
" Copper and Copper Alloys
* Rubber-bonded asbestos
* Nylon
" Magnesium oxide (e.g., insulation)
* Materials that contain halogens in amounts exceeding 75 ppm

(iv) All gasketed and packed joints shall have a minimum design pressure rating of the
pump shut-off pressure plus 15 psi.

(v) The SCS skid shall be equipped with appropriate lifting lugs to permit its handling by
the plant's lifting devices in full compliance with NUREG-0612 provisions.

2.C.5 Regulatory Requirements

The SCS is classified as Important-to-Safety Category B.
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CHAPTER 3: STRUCTURAL EVALUATIONt

3.0 OVERVIEW

In this chapter, the structural components of the HI-STORM 100 System that are important to safety
(ITS) are identified and described. The objective of the structural analyses is to ensure that the
integrity of the HI-STORM 100 System is maintained under all credible loads for normal, off-
normal, and design basis accident/natural phenomena. The chapter results support the conclusion
that the confinement, criticality control, radiation shielding, and retrievability criteria set forth by
1 OCFR72.236(l), 1 OCFR72.124(a), 10CFR72.104, 1 OCFR72.106, and 1 OCFR72.122(1) are met. In
particular, the design basis information contained in the previous two chapters and in this chapter
provides sufficient data to permit structural evaluations to demonstrate compliance with the
requirements of IOCFR72.24. To facilitate regulatory review, the assumptions and conservatism's
inherent in the analyses are identified along with a complete description of the analytical methods,
models, and acceptance criteria. A summary of other material considerations, such as corrosion and
material fracture toughness is also provided. Design calculations for the HI-TRAC transfer cask are
included where appropriate to comply with the guidelines of NUREG-1536.

This revision to the HI-STORM Safety Analysis Report, the first since the HI-STORM 100 System
was issued a Part 72 Certificate-of-Compliance, incorporates several features into the structural
analysis to respond to the changing needs of the U.S. nuclear power generation industry. The most
significant changes to this chapter for this revision are:

The incorporation of structural results associated with the MPC-32 and the MPC-24E/24EF
fuel baskets. In the case of the MPC-32, this revision simply returns results of analyses that
were contained in this chapter prior to the initial CoC. In the case of the 24E basket, the new
results are based on the same structural analysis model used for all the other baskets
evaluated.

The revision of the analyses of free thermal expansion and MPC canister shell to incorporate
the Changed temperature distribution from the inclusion of the thermosiphon effect
(convective heat transfer inside the canister).

The introduction of new analyses that permit the use of additional damaged fuel canisters in
the HI-STORM 100.

t This chapter has been prepared in the fonnat and section organization set forth in Regulatory Guide 3.61. However, the

material content of this chapter also fulfills the requirements of NUREG-1536. Pagination and numbering of sections,
figures, and tables are consistent with the convention set down in Chapter 1, Section 1.0, herein. Finally, all terms-of-art
used in this chapter are consistent with the terminology of the glossary (Table 1.0.1) and component nomenclature of the
Bill-of-Materials (Section 1.5).
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The inclusion of shorter versions of the HI-STORM overpack (designated as HI-STORM
IOOS and HI-STORM 100S Version B) to accommodate plants with reduced clearances. In
general, we show that the HI-STORM 100S is bounded by results previously obtained.

Revisions to approved HI-TRAC analyses to accommodate fabrication enhancements.

Enhancement of the handling accident and tipover analyses to provide an additional qualified
reference ISFSI pad configuration with higher strength concrete.

Introduction of an anchored HI-STORM (designated as HI-STORM 100A). This
enhancement permits use of a HI-STORM at sites in high seismic zones where a freestanding
cask is not acceptable.

The organization of technical information in this chapter follows the format and content guidelines
of USNRC Regulatory Guide 3.61 (February 1989). The FSAR ensures that the responses to the
review requirements listed in NUREG- 1536 (January 1997) are complete and comprehensive. The
areas of NRC staff technical inquiries, with respect to structural evaluation in NUREG-1536, span a
wide array of technical topics within and beyond the material in this chapter. To facilitate the staff s
review to ascertain compliance with the stipulations of NUREG-1536, Table 3.0.1 "Matrix of
NUREG-1536 Compliance - Structural Evaluation", is included in this chapter. A comprehensive
cross-reference of the topical areas set forth in NUREG-1536, and the location of the required
compliance information is contained in Table 3.0.1.

Section 3.7 describes in detail HI-STORM 100 System's compliance to NUREG-1536 Structural
Evaluation Requirements.

The HI-STORM 100 System matrix of compliance table given in this section is developed with the
supposition that the storage overpack is designated as a steel structure that falls within the purview
of subsection 3.V.3 "Other Systems Components Important to Safety" (page 3-28 ofNUREG-1536),
and therefore, does not compel the use of reinforced concrete. (Please refer to Table 1.0.3 for an
explicit statement of exception on this matter). The concrete mass installed in the HI-STORM 100
overpack is accordingly equipped with "plain concrete" for which the sole applicable industry code
is ACI 318.1 (92). Plain concrete, in contrast to reinforced concrete, is the preferred shielding
material HI-STORM 100 because of three key considerations:

(i) Plain concrete is more amenable to a void free pour than reinforced concrete in narrow
annular spaces typical of ventilated vertical storage casks.

(ii) The tensile strength bearing capacity of reinforced concrete is not required to buttress the
steel weldment of the HI-STORM 100 overpack.
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(iii) The compression and bearing strength capacity of plain concrete is unaffected by the absence
of rebars. A penalty factor, on the compression strength, pursuant to the provisions of ACI-
318.1 is, nevertheless, applied to insure conservatism. However, while plain Concrete is the
chosen shielding embodiment for the HI-STORM 100 storage overpack, all necessary
technical, procedural Q.C., and Q.A. provisions to insure nuclear grade quality will be
implemented by utilizing the relevant sections from ACI-349 (85) as specified in Appendix
1.D.

In other words, guidelines of NUREG 1536 pertaining to reinforced concrete are considered to
insure that the material specification, construction quality control and quality assurance of the
shielding concrete comply with the provisions of ACI 349 (85). These specific compliance items are
listed in the compliance matrix.
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TABLE 3.0.1
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATIONt

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3
IV.1.a ASME B&PV Compliance

NB 3.1.1 Tables 2.2.6,2.2.7
NG 3.1.1 Tables 2.2.6,2.2.7

IV.2 Concrete Material Appendix l.D
Specification

IV.4 Lifting Devices 3.1; 3.4
V. Identification of SSC that Table 2.2.6

are ITS
Applicable 3.6.1 Table 2.2.6
Codes/Standards
Loads Table 2.2.13
Load Combinations 3.1.2.1.2; Tables 3.1.1- Table 2.2.14

3.1.5
Summary of Safety Factors 3.4.3; 3.4.4.2; 3.4.4.3.1-3

3.4.6-3.4.9; Tables 3.4.3-
3.4.9

Design/Analysis Chapter 3
Procedures
Structural Acceptance Tables 2.2.10-2.2.12
Criteria
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TABLE 3.0.1 (CONTINUED)
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION t

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3

Material/QC/Fabrication Table 3.4.2 Chap. 9; Chap. 13
Testing/In-Service Chap. 9; Chap. 12
Surveillance
Conditions for Use Table 1.2.6; Chaps. 8,9,12

V. 1.a Description of SSC 3.1.1 1.2
V. 1.b.i.(2) Identification of Codes & Tables 2.2.6, 2.2.7

Standards
V.l.b.ii Drawings/Figures 1.5

Identification of 1.5; 2.3.2; 7.1; Table 7.1.1
Confinement Boundary
Boundary Weld 3.3.1.4 1.5; Table 7.1.2
Specifications

" _ _Boundary Bolt Torque NA
"_Weights and C.G. Location Tables 3.2.1-3.2.4

Chemical/Galvanic 3.4.1; Table 3.4.2
Reactions

V.l.c Material Properties 3.3; Tables 3.3.1-3.3.5 1.A; 1.C; L.D
"4 Allowable Strengths Tables 3.1.6-3.1.17 Tables 2.2.10-2.2.12; 1.D

Suitability of Materials 3.3; Table 3.4.2 I.A; I.B; LD
Corrosion 3.3
Material Examination 9.1.1
before Fabrication
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TABLE 3.0.1 (CONTINUED)
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION t

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3

Material Testing and 9.1; Table 9.1.1; 1.D
Analysis
Material Traceability 9.1.1
Material Long Term 3.3; 3.4.11; 3.4.12 9.2
Performance
Materials Appropriate to Chap. 1
Load Conditions

-- Restrictions on Use Chap. 12
Temperature Limits Table 3.1.17 Table 2.2.3
Creep/Slump 3.4.4.3.3.2
Brittle Fracture 3.1.2.3; Table 3.1.18
Considerations
Low Temperature 2.2.1.2
Handling

V.1.d.i.(1) Normal Load Conditions 2.2.1; Tables 2.2.13,2.2.14
Fatigue 3.1.2.4
Internal 3.4.4.1 2.2.2; Tables 2.2.1,2.2.3

Pressures/Temperatures for
Hot and Cold Conditions

Required Evaluations
"_Weight+Pressure 3.4.4.3.1.2
"_Weight/Pressure/Temp. 3.4.4.3.1.2
"_Free Thermal Expansion 3.4.4.2 4.4.5; Figure 4.4.30
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TABLE 3.0.1 (CONTINUED)
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATIONt

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OUTSIDE OF FSAR

CHAPTER 3
V.L.d.i.(2) Off-Normal Conditions 2.2.2; Tables 2.2.13,

2.2.14; 11.1
V.1.d.i.(3) Accident Level Events and Tables 3.1.1, 3.1.2 2.2.3; Tables 2.2.13,

Conditions 2.2.14; 11.2
V.1.d.i.(3).(a) Storage Cask Vertical Drop 3.1.2.1.1.2; 3.4.10; 3.A 2.2.3.1
" Storage Cask Tipover 3.1.2.1.1.1; 3.4.10; 3.A 2.2.3.2

Transfer Cask Horizontal 3.4.9 2.2.3.1
Drop

V.1 .d.i.(3).(b) Explosive Overpressure 3.1.2.1.1.4 2.2.3.10
V. .d.i.(3).(c) Fire

Structural Evaluations 3.4.4.2 2.2.3.3
Material Properties 11.2
Material Suitability 3.1.2.2; 3.3.1.1 Table 2.2.3; 11.2

V.l.d.i.(3).(d) Flood
"_Identification 3.1.2.1.1.3; 3.4.6 2.2.3.6

Cask Tipover 3.4.6
Cask Sliding 3.4.6
Hydrostatic Loading 3.1.2.1.1.3; 3.4.6 72-1008(3.H)
Consequences 11.2

V.1.d.i.(3).(e) Tornado Winds
Specification 3.1.2.1.1.5 2.2.3.5; Table 2.2.4
Drag Coefficients 3.4.8
Load Combination 3.4.8
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TABLE 3.0.1 (CONTINUED)
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION t

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3
" Overturning -Transfer NA
V. .d.i.(3).(f) Tornado Missiles

Missile Parameters 3.1.2.1.1.5 Table 2.2.5
Tipover 3.4.8
Damage 3.4.8.1; 3.4.8.2
Consequences 3.4.8.1; 3.4.8.2 11.2

V. 1.d.i.(3).(g) Earthquakes
Definition of DBE 3.1.2.1.1.6; 3.4.7 2.2.3.7; Table 2.2.8
Sliding 3.4.7
Overturning 3.4.7
Structural Evaluations 3.4.7 11.2

V. .d.i.(4).(a) Lifting Analyses
" Trunnions

Requirements 3.1.2.1.2; 3.4.3.1; 3.4.3.2 72-1008(3.4.3); 2.2.1.2
Analyses 3.4.3.1; 3.4.3.2 72-1008(3.4.3)

Other Lift Analyses 3.4.3.7-3.4.3.9
V.l.d.i.(4).(b) Fuel Basket
" Requirements 3.1.2.1.2; Table 3.1.3
" Specific Analyses 3.4.4.2; 3.4.4.3; 3.6.3 72-1008(3.4.4.3.1.2;

3.4.4.3.1.6; 3.M; 3.H; 3.1)

HI-STORM FSAR
REPORT HI-2002444

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL

3.0-8
Rev. 4

HI-STORM 100 Rev. 5 - 6/21/07



TABLE 3.0.1 (CONTINUED)
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION t

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3

Dynamic Amplifiers 3.4.4.4.1
"_Stability 3.4.4.3; 3.4.4.4 72-1008(Figures 3.4.27-32)
V. .d.i.(4).(c) Confinement Closure Lid

Bolts
"'_Pre-Torque NA
"_Analyses NA

Engagement Length NA
Miscellaneous Bolting

Pre-Torque 3.4.3.7; 3.4.3.8
Analyses 3.4.4.3.2.2
Engagement Length 3.4.3.5; 3.4.3.7; 3.4.3.8

V. 1.d.i.(4) Confinement
" Requirements 3.1.2.1.2; Table 3.1.4 Chap. 7
" Specific Analyses 3.6.3; Tables 3.4.3, 3.4.4 72-1008(3.E; 3.K; 3.1)

Dynamic Amplifiers 3.4.4.1
Stability 3.4.4.3.1 72-1008(3.H)

Overpack
Requirements 3.1.2.1.2; Tables 3.1.1,

3.1.5
Specific Analyses 3.6.3; 3.4.4.3
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TABLE 3.0.1 (CONTINUED)
MATRIX OF NUREG-1536 COMPLIANCE ITEMS - STRUCTURAL EVALUATION +

PARAGRAPH IN NUREG-1536 LOCATION IN FSAR LOCATION OUTSIDE
NUREG-1536 COMPLIANCE ITEM CHAPTER 3 OF FSAR CHAPTER 3

Dynamic Amplifiers 3.4.4.3.2
Stability 3.4.4.3; Table 3.1.1; 3.4.4.5

Transfer Cask
Requirements 3.1.2.1.2; Table 3.1.5
Specific Analyses 3.4.4.3; 3.6.3

1 Dynamic Amplifiers 3.4.4.4.1
Stability NA 2.2.3.1

t Legend for Table 3.0.1

Per the nomenclature defined in Chapter 1, the first digit refers to the chapter number, the second digit is the section number
within the chapter; an alphabetic character in the second place means it is an appendix to the chapter.

72-1008
NA

HI-STAR 100 Docket Number where the referenced item is located
Not Applicable for this item
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3.1 STRUCTURAL DESIGN

3.1.1 Discussion

The-HI-STORM 100 System consists of three principal components: the Multi-Purpose Canister
(MPC), the storage overpack, and the transfer cask. The MPC is a hermetically sealed, welded
structure of cylindrical profile with flat ends and a honeycomb fuel basket. A complete description is
provided in Subsection 1.2.1.1 wherein the anatomy of the MPC and its fabrication details are
presented with the aid of figures. The MPCs utilized in the HI-STORM 100 System are identical to
those for the HI-STAR 100 System submitted under Dockets 72-1008 and 71-9261. The evaluation
of the MPCs presented herein draws upon the work described in those earlier submittals. In this
section, the discussion is confined to characterizing and establishing the structural features of the
MPC, the storage overpack, and the HI-TRAC transfer cask, Since a detailed discussion of the HI-
STORM 100 Overpack and HI-TRAC transfer cask geometries is presented in Section 1.2, attention
is focused here on structural capabilities and their inherent margins of safety for housing the MPC.
Detailed design drawings for the HI-STORM 100 System are provided in Section 1.5.

The design of the MPC seeks to attain three objectives that are central to its functional adequacy,
namely:

* Ability to Dissipate Heat: The thermal energy produced by the stored spent fuel must be
transported to the outside surface of the MPC such that the prescribed temperature limits for
the fuel cladding and for the fuel basket metal walls are not exceeded.

* Ability to Withstand Large Impact Loads: The MPC, with its payload of nuclear fuel, must
be sufficiently robust to withstand large impact loads associated with .the postulated handling
accident events. Furthermore, the strength of the MPC must be sufficiently isotropic to meet
structural requirements under a variety of handling and tip-over accidents.

* Restraint of Free End Expansion: The membrane and bending stresses produced by restraint
of free-end expansion of the fuel basket are categorized as primary stresses. In view of the
concentration of heat generation in the fuel basket, it is necessary to ensure that structural
constraints to its external expansion do not exist.

Where the first two criteria call for extensive inter-cell connections, the last criterion requires the
opposite. The design of the MPC seeks to realize all of the above three criteria in an optimal manner.

From the description presented in Chapter 1, the MPC enclosure vessel is the confinement vessel
designed to meet ASME Code, Section III, Subsection NB stress limits. The enveloping canister
shell, the baseplate, and the lid system form a complete confinement boundary for the stored fuel
that is referred to as the "enclosure vessel". Within this cylindrical shell confinement vessel is an
integrally welded assemblage of cells of square cross sectional openings for fuel storage, referred to
herein as the fuel basket. The fuel basket is analyzed under the provisions of Subsection NG of
Section III of the ASME Code. All multi-purpose canisters designed for deployment in the HI-
STORM 100 and HI-STAR 100 systems are exactly alike in their external dimensions. The essential

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
REPORT HI-2002444 3.1-1

HI-STORM 100 Rev. 5 - 6/21/07



difference between the MPCs lies in the fuel baskets. Each fuel storage MPC is designed to house
fuel assemblies with different characteristics. Although all fuel baskets are configured to maximize
structural ruggedness through extensive inter-cell connectivity, they are sufficiently dissimilar in
structural details to warrant separate evaluations. Therefore, analyses for each of the MPC types
were carried out to ensure structural compliance. Inasmuch as no new MPC designs are introduced
in this application, and all MPC designs were previously reviewed by the USNRC under Docket 72-
1008, the MPC analyses submitted under Docket Numbers 72-1008 and 71-9261 for the HI-STAR
100 System are not reproduced herein unless they need to be modified by HI-STORM 100
conditions or geometry differences. Analyses provided in the HI-STAR 100 System safety analysis
reports that are applicable to the HI-STORM 100 System are referenced in this FSAR by docket
number and subsection or appendix.

Components of the HI-STORM 100 System that are important to safety and their applicable design

codes are defined in Chapter 2.

Some of the key structural functions of the MPC in the storage mode are:

1. To position the fuel in a subcritical configuration, and

2. To provide a confinement boundary.

Some of the key structural functions of the overpack in the storage mode are:

I. To serve as a missile barrier for the MPC,

2. To provide flow paths for natural convection,

3. To ensure stability of the HI-STORM 100 System, and

4. To maintain the position of the radiation shielding.

5. To allow movement of the overpack with a loaded MPC inside.

Some structural features of the MPCs that allow the system to perform these functions are
summarized below:

There are no gasketed ports or openings in the MPC. The MPC does not rely on any
sealing arrangement except welding. The absence of any gasketed or flanged joints
makes the MPC structure immune from joint leaks. The confinement boundary
contains no valves or other pressure relief devices.
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" The closure system for the MPCs consists of two components, namely, the MPC lid
and the closure ring. The MPC lid can be either a single thick circular plate
continuously welded to the MPC shell along its circumference or two dual lids
welded around their common periphery. The MPC closure system is shown in the
Design Drawings in Section 1.5. The MPC lid is equipped with vent and drain ports
which are utilized for evacuating moisture and air from the MPC following fuel
loading, and subsequent backfilling with an inert gas (helium) at a specified mass.
The vent and drain ports are covered by a cover plate and welded before the closure
ring is installed. The closure ring is a circular annular plate edge-welded to the MPC
lid and shell. The two closure members are interconnected by welding around the
inner diameter of the ring. Lift points for the MPC are provided in the MPC lid.

* The MPC fuel baskets consist of an array of interconnecting plates. The number of
storage cells formed by this interconnection process varies depending on the type of
fuel being stored. Basket designs containing cell configurations for PWR and BWR
fuel have been designed and are explained in detail in Section 1.2. All baskets are
designed to fit into the same MPC shell. Welding of the basket plates along their
edges essentially renders the fuel basket into a multiflange beam. Figure 3.1.1
provides an isometric illustration of a fuel basket for the MPC-68 design.

" The MPC basket is separated from its supports by a gap. The gap size decreases as a
result of thermal expansion (depending on the magnitude of internal heat generation
from the stored spent fuel). The provision of a small gap between the basket and the
basket support structure is consistent with the natural thermal characteristics of the
MPC. The planar temperature distribution across the basket, as shown in Section 4.4,
approximates a shallow parabolic profile. This profile will create high thermal
stresses unless structural constraints at the interface between the basket and the
basket support structure are removed.

* The MPCs will be loaded with fuel with widely varying heat generation rates. The
basket/basket support structure gap tends to be reduced for higher heat generation
rates due to increased thermal expansion rates. Gaps between the fuel basket and the
basket support structure are specified to be sufficiently large such that a gap exists
around the periphery after any thermal expansion.

" A small number of flexible thermal conduction elements (thin aluminum tubes) are
interposed between the basket and the MPC shell. The elements are designed to be
resilient. They do not provide structural support for the basket, and thus their
resistance to thermal growth is negligible.
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It is quite evident from the geometry of the MPC that a critical loading event pertains to the drop
condition when the MPC is postulated to undergo a handling side drop (the longitudinal axis of the
MPC is horizontal) or tip-over. Under the side drop or tip-over condition the flat panels of the fuel
basket are subject to an equivalent pressure loading that simulates the deceleration-magnified inertia
load from the stored fuel and the MPC's own metal mass.

The MPC fuel basket maintains the spent nuclear fuel in a subcritical arrangement. Its safe operation
is assured by maintaining the physical configuration of the storage cell cavities intact in the
aftermath of a drop event. This requirement is considered to be satisfied if the MPC fuel basket
meets the stress intensity criteria set forth in the ASME Code, Section III, Subsection NG.
Therefore, the demonstration that the fuel basket meets Subsection NG limits ensures that there is no
impairment of ready retrievability (as required by NUREG- 1536), and that there is no unacceptable
effect on the subcritical arrangement.

The MPC confinement boundary contains no valves or other pressure relief devices. The MPC
enclosure vessel is shown to meet the stress intensity criteria of the ASME Code, Section III,
Subsection NB for all service conditions. Therefore, the demonstration that the enclosure vessel
meets Subsection NB limits ensures that there is no unacceptable release of radioactive
materials.

The HI-STORM 100 storage overpack is a steel cylindrical structure consisting of inner and outer
low carbon steel shells, a lid, and a baseplate. Between the two shells is a thick cylinder of un-
reinforced (plain) concrete. Additional regions of fully confined (by enveloping steel structure)
unreinforced concrete are attached to the lid and to the baseplate depending on the specific
configuration (see applicable figures in previous chapters). The storage overpack serves as a missile
and radiation barrier, provides flow paths for natural convection, provides kinematic stability to the
system, and acts as a cushion for the MPC in the event of a tip-over accident. The storage overpack
is not a pressure vessel since it contains cooling vents that do not allow for a differential pressure to
develop across the overpack wall. The structural steel components of the HI-STORM 100 Overpack
are designed to meet the stress limits of the ASME Code, Section III, Subsection NF, Class 3. Short
versions of the HI-STORM 100 overpack, designated as the HI-STORM IOOS, and the HI-STORM
IOOS Version B, are included in this revision. To accommodate nuclear plants with limited height
access, the HI-STORM IOOS has a re-configured lid and a lower overall height. There are minor
weight redistributions but the overall bounding weight of the system is unchanged. The HI-STORM
100S Version B incorporates other improvements and modifications designed to improve
fabricability and enhance some margins. Structural analyses are revisited if and only if the modified
configuration cannot be demonstrated to be bounded by the original calculation. New or modified
calculations focused on the HI-STORM IOOS and the HI-STORM IOOS Version B are clearly
identified within the text of this chapter. Unless otherwise designated, general statements using the
terminology "HI-STORM 100" also apply to the HI-STORM 100S and to the HI-STORM IOOS
Version B. The HI-STORM IOOS overpacks can carry all MPC's and transfer casks that can be
carried in the HI-STORM 100.
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As discussed in Chapters I and 2, and Section 3.0, the principal shielding material utilized in the HI-
STORM 100 Overpack is plain concrete. Plain concrete was selected for the HI-STORM 100
Overpack in lieu of reinforced concrete, because there is no structural imperative for incorporating
tensile load bearing strength into the contained concrete. From a purely practical standpoint, the
absence of rebars facilitate pouring and curing of concrete with minimal voids, which is an
important consideration in light of its shielding function in the HI-STORM 100 Overpack. Plain
concrete, however, acts essentially identical to reinforced concrete under compressive and bearing
loads, even though ACI standards apply a penalty factor on the compressive and bearing strength of
concrete in the absence of rebars (vide ACI 318.1).

Accordingly, the plain concrete in the HI-STORM 100 is considered as a structural material only to
the extent that it may participate in supporting direct compressive loads. The allowable
compression/bearing resistance is defined and quantified in the ACI 318.1(92) Building Code for
Structural Plain Concrete.

In general, strength analysis of the HI-STORM 100 Overpack and its confined concrete is carried
out only to demonstrate that the concrete is able to perform its radiation protection function and that
retrievability of the MPC subsequent to any postulated accident condition of storage or handling is
maintained.

A discrete ITS component in the HI-STORM 100 System is the HI-TRAC transfer cask. The HI-
TRAC serves to provide a missile and radiation barrier during transport of the MPC from the fuel
pool to the HI-STORM 100 Overpack. The HI-TRAC body is a double-walled steel cylinder that
constitutes its structural system. Contained between the two steel shells is an intermediate lead
cylinder. Attached to the exterior of the HI-TRAC body outer shell is a water jacket that acts as a
radiation barrier. The HI-TRAC is not a pressure vessel since it contains a penetration in the HI-
TRAC top lid that does not allow for a differential pressure to develop across the HI-TRAC wall.
Nevertheless, in the interest of conservatism, structural steel components of the HI-TRAC are
subject to the stress limits of the ASME Code, Section III, Subsection NF, Class 3.

Since both the HI-STORM 100 and HI-TRAC may serve as an MPC carrier, their lifting attachments
are designed to meet the design safety factor.requirements of NUREG-0612 [3.1.1] and ANSI
N14.6-1993 [3.1.2] for single-failure-proof lifting equipment.

Table 2.2.6 provides a listing of the applicable design codes for all structures, systems, and
components which are designated as ITS. Since no structural credit is required for the weld between
the adjustable basket support pieces (i.e., shims and basket support flat plates), the adjustable basket
supports are classified as NITS.

3.1.2 Design Criteria

Principal design criteria for normal, off-normal, and accident/environmental events are discussed in
Section 2.2. In this section, the loads, load combinations, and allowable stresses used in the
structural evaluation of the HI-STORM 100 System are presented in more detail.
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Consistent with the provisions of NUREG-1536, the central objective of the structural analysis
presented in this chapter is to ensure that the HI-STORM 100 System possesses sufficient structural
capability to withstand normal and off-normal loads and the worst case loads under natural
phenomenon or accident events. Withstanding such loadings enables the HI-STORM 100 System to
successfully preclude the following negative consequences:

* unacceptable risk of criticality
* unacceptable release of radioactive materials
* unacceptable radiation levels
* impairment of ready retrievability of the SNF

The above design objectives for the HI-STORM 100 System can be particularized for individual

components as follows:

* The objectives of the structural analysis of the MPC are to demonstrate that:

1. Confinement of radioactive material is maintained under normal, off-normal,
accident conditions, and natural phenomenon events.

2. The MPC basket does not deform under credible loading conditions such that
the subcriticality or retrievability of the SNF is jeopardized.

* The objectives of the structural analysis of the storage overpack are to demonstrate
that:

I. Tornado-generated missiles do not compromise the integrity of the MPC
confinement boundary.

2. The overpack can safely provide for on-site transfer of the loaded MPC and
ensure adequate support to the HI-TRAC transfer cask during loading and
unloading of the MPC.

3. The radiation shielding remains properly positioned in the case of any
normal, off-normal, or natural phenomenon or accident event.

4. The flow path for the cooling airflow shall remain available under normal
and off-normal conditions of storage and after a natural phenomenon or
accident event.

5. The loads arising from normal, off-normal, and accident level conditions
exerted on the contained MPC do not exceed the structural design criteria of
the MPC.

6. No geometry changes occur under any normal, off-normal, and accident level
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conditions of storage that may preclude ready retrievability of the contained
MPC.

7. A freestanding storage overpack can safely withstand a non-mechanistic tip-
over event with a loaded MPC within the overpack. The HI-STORM 100A is
specifically engineered to be permanently attached to the ISFSI pad. The
ISFSI pad engineered for the anchored cask is designated as "Important to
Safety". Therefore, the non-mechanistic tipover is not applicable to the HI-
STORM 1O0A.

8. The inter-cask transfer of a loaded MPC can be carried out without
exceeding the structural capacity of the HI-STORM 100 Overpack, provided
all required auxiliary equipment and components specific to an ISFSI site
comply with their Design Criteria set forth in this FSAR and the handling
operations are in full compliance with operational limits and controls
prescribed in this FSAR.

The objective of the structural analysis of the HI-TRAC transfer cask is to
demonstrate that:

1. Tornado generated missiles do not compromise the integrity of the MPC
confinement boundary while the MPC is contained within HI-TRAC.

2. No geometry changes occur under any postulated handling or storage
conditions that may preclude ready retrievability of the contained MPC.

3. The structural components perform their intended function during lifting and
handling with the loaded MPC.

4. The radiation shielding remains properly positioned under all applicable
handling service conditions for HI-TRAC.

5. The lead shielding, top lid, and transfer lid doors remain properly positioned
during postulated handling accidents.

The aforementioned objectives are deemed to be satisfied for the MPC, the overpack, and the HI-
TRAC, if stresses (or stress intensities, as applicable) calculated by the appropriate structural
analyses are less than the allowables defined in Subsection 3.1.2.2, and if the diametral change in the
storage overpack (or HI-TRAC),.if any, after any event of structural consequence to the overpack (or
transfer cask), does not preclude ready retrievability of the contained MPC.

Stresses arise in the components of the HI-STORM 100 System due to various loads that originate
under normal, off-normal, or accident conditions. These individual loads are combined to form load
combinations. Stresses and stress intensities resulting from the load combinations are compared to
their respective allowable stresses and stress intensities. The following subsections present loads,
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load combinations, and the allowable limits germane to them for use in the structural analyses of the
MPC, the overpack, and the HI-TRAC transfer cask.

3.1.2.1 Loads and Load Combinations

The individual loads applicable to the HI-STORM 100 System and the HI-TRAC cask are defined in
Section 2.2 of this report (Table 2.2.13). Load combinations are developed by assembling the
individual loads that may act concurrently, and possibly, synergistically (Table 2.2.14). In this
subsection, the individual loads are further clarified as appropriate and the required load
combinations are identified. Table 3.1.1 contains the load combinations for the storage. overpack
where kinematic stability is of primary importance. The load combinations where stress or load level
is of primary importance are set forth in Table 3.1.3 for the MPC fuel basket, in Table 3.1.4 for the
MPC confinement boundary, and in Table 3.1.5 for the storage overpack and the HI-TRAC transfer
cask. Load combinations are applied to the mathematical models of the MPCs, the overpack, and the
HI-TRAC. Results of the analyses carried out under bounding load combinations are compared with
their respective allowable stresses (or stress intensities, as applicable). The analysis results from the
bounding load combinations are also assessed, where warranted, to ensure satisfaction of the
functional performance criteria discussed in the preceding subsection.

3.1.2.1.1 Individual Load Cases

The individual loads that address each design criterion applicable to the structural design of the HI-
STORM 100 System are catalogued in Table 2.2.13. Each load is given a symbol for subsequent use
in the load combination listed in Table 2.2.14.

Accident condition and natural phenomena-induced events, collectively referred to as the "Level D"
condition in Section III of the ASME Boiler & Pressure Vessel Codes, in general, do not have a
universally prescribed limit. For example, the impact load from a tornado-borne missile, or the
overturning load under flood or tsunami, cannot be prescribed as design basis values with absolute
certainty that all ISFSI sites will be covered. Therefore, as applicable, allowable magnitudes of such
loadings are postulated for the HI-STORM 100 System. The allowable values are drawn from
regulatory and industry documents (such as for tornado missiles and wind) or from an intrinsic
limitation in the system (such as the permissible "drop height" under a postulated handling accident).
In the following, the essential characteristic of each "Level D" type loading is explained.

3.1.2.1.1.1 Tip-Over

It is required to demonstrate that the free-standing HI-STORM 100 storage overpack, containing a
loaded MPC, will not tip over as a result of a postulated natural phenomenon event, including
tornado wind, a tornado-generated missile, a seismic or a hydrological event (flood). However, to
demonstrate the defense-in-depth features of the design, a non-mechanistic tip-over scenario per
NUREG- 1536 is analyzed. Since the HI-STORM IOOS and the HI-STORM 1 00S.Version B have an
overall length that is less than the regular HI-STORM 100, the maximum impact velocity of the
overpack will be reduced. Therefore, the results of the tipover analysis for the HI-STORM 100
(reported in Appendix 3.A) are bounding for the HI-STORM IOOS and HI-STORM IOOS Version B.
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The potential of the HI-STORM 100 Overpack tipping over during the lowering (or raising) of the
loaded MPC into (or out of) it with the HI-TRAC cask mounted on it is ruled out because of the
safeguards and devices mandated by this FSAR for such operations (Subsection 2.3.3.1 and
Technical Specification 4.9). The physical and procedural barriers under the MPC handling
operations have been set down in the FSAR to preclude overturning of the HI-STORM/HI-TRAC
assemblage with an extremely high level of certainty. Much of the ancillary equipment needed for
the MPC transfer operations must be custom engineered to best accord with the structural and
architectural exigencies of the ISFSI site. Therefore, with the exception of the HI-TRAC cask, their
design cannot be prescribed, a priori, in this FSAR. However, carefully drafted Design Criteria and
conditions of use set forth in this FSAR eliminate the potential of weakening of the safety measures
contemplated herein to preclude an overturning event during MPC transfer operations. Subsection
2.3.3.1 contains a comprehensive set of design criteria for the ancillary equipment and components
required for MPC transfer operations to ensure that the design objective of precluding a kinematic
instability event during MPC transfer operations is met. Further information on the steps taken to
preclude system overturning during MPC transfer operations may be found in Chapter 8, Section
8.0.

In the HI-STORM IOOA configuration, wherein the overpack is physically anchored to the ISFSI
pad, the potential for a tip-over is a' priori precluded. Therefore, the ISFSI pad need not be
engineered to be sufficiently compliant to limit the peak MPC deceleration to Table 2.2.8 values.
The stiffness of the pad, however, may be controlled by the ISFSI structural design and, therefore,
may result in a reduced "carry height" from that specified for a freestanding cask. If a non-single
failure proof lifting device is employed to carry the cask over the pad, determination of maximum
carry height must be performed by the ISFSI owner once the ISFSI pad design is formalized.

3.1.2.1.1.2 Handling Accident

A handling accident during transport of a loaded HI-STORM 100 storage overpack is assumed to
result in a vertical drop. The HI-STORM 100 storage overpack will not be handled in a horizontal
position while containing a loaded MPC. Therefore, a side drop is not considered a credible event.

HI-TRAC can be carried in a horizontal orientation while housing a loaded MPC. Therefore, a
handling accident during transport of a loaded HI-TRACin a horizontal orientation is considered to
be a credible accident event.

As discussed in the foregoing, the vertical drop of the HI-TRAC and the tip-over of the assemblage
of a loaded HI-TRAC on the top of the HI-STORM 100 storage overpack during MPC transfer
operations do not need to be considered.
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3.1.2.1.1.3 Flood

The postulated flood event results into two discrete scenarios which must be considered; namely,

1. stability of the HI-STORM 100 System due to flood water velocity, and
2. structural effects of hydrostatic pressure and water velocity induced lateral pressure.

The maximum hydrostatic pressure on the cask in a flood where the water level is conservatively set
at 125 feet is calculated as follows:

Using

p = the maximum hydrostatic pressure on the system (psi),
y = weight density of water = 62.4 lb/ft3

h = the height of the water level = 125 ft;

The maximum hydrostatic pressure is

p = yh = (62.4 lb/ft3)(125 ft)(1 ft2/144 in-2) = 54.2 psi

The accident condition design external pressure for the MPC (Table 2.2.1) bounds the maximum
hydrostatic pressure exerted by the flood.

3.1.2.1.1.4 Explosion

Explosion, by definition, is a transient event. Explosive materials (except for the short duration when
a limited quantity of motive fuel for placing the loaded MPC on the ISFSI pad is present in the tow
vehicle) are prohibited in the controlled area by specific stipulation in the HI-STORM 100 Technical
Specification. However, pressure waves emanating from explosions in areas outside the ISFSI are
credible.

Pressure waves from an explosive blast in a property near the ISFSI site result in an impulsive
aerodynamic loading on the stored HI-STORM 100 Overpacks. Depending on the rapidity of the
pressure build-up, the inside and outside pressures on the HI-STORM METCONTM shell may not
equalize, leading to a net lateral loading on the upright overpack as the pressure wave traverses the
overpack. The magnitude of the dynamic pressure wave is conservatively set to a value below the
magnitude of the pressure differential that would cause a tip-over of the cask if the pulse duration
were set at one second. With the maximum design basis pressure pulse established (by setting the
design basis pressure differential sufficiently low that cask tip-over is not credible due to the
travelling pressure wave), the stress state under this condition requires analysis. The lateral pressure
difference, applied over the overpack full height, causes axial and circumferential stresses and
strains to develop. Level D stress limits must not be exceeded under this state of stress. It must also
be demonstrated that no permanent ovalization of the cross section occurs that leads to loss of
clearance to remove the MPC after the explosion.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
REPORT Hl-2002444 3.1-10

HI-STORM 100 Rev. 5 - 6/21/07



Q

Once the pressure wave traverses the cask body, then an elastic stability evaluation is warranted. An
all-enveloping pressure from the explosion may threaten safety by buckling the overpack outer shell.

In contrast to the overpack, the MPC is a closed pressure vessel. Because of the enveloping overpack
around it, the explosive pressure wave would manifest as an external pressure on the external surface
of the MPC.

The maximum overpressure on the MPC resulting from an explosion is limited by the HI-STORM
Technical Specification to be equal to or less than the accident condition design external pressure or
external pressure differential specified in Table 2.2.1. The design external pressure differential is
applied as a component of the load combinations.

3.1.2.1.1.5 Tornado

The three components of a tornado load are:

1. pressure changes,
2. wind loads, and
3. tornado-generated missiles.

Wind speeds and tornado-induced pressure drop are specified in Table 2.2.4. Tornado missiles are
listed in Table 2.2.5. A central functional objective of a storage overpack is to maintain the integrity
of the "confinement boundary", namely, the multi-purpose canister stored inside it. This operational
imperative requires that the mechanical loadings associated with a tornado at the ISFSI do not
jeopardize the physical integrity of the loaded MPC. Potential consequences of a tornado on the cask
system are:

* Instability (tip-over) due to tornado missile impact plus either steady wind or impulse
from the pressure drop (only applicable for free-standing cask).

* Stress in the overpack induced by the lateral force caused by the steady wind or
missile impact.

* Loadings applied on the MPC transmitted to the inside of the overpack through its
openings or as a secondary effect of loading on the enveloping overpack structure.

0 Excessive storage overpack permanent deformation that may prevent ready
retrievability of the MPC.

0 Excessive storage overpack permanent deformation that may significantly reduce the
shielding effectiveness of the storage overpack.

Analyses must be performed to ensure that, due to the tornado-induced loadings:
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" The loaded overpack does not become kinematically unstable (only applicable
for free-standing cask).

" The overpack does not deform plastically such that the retrievability of the stored
MPC is threatened.

* The MPC does not sustain an impact from an incident missile.

* The MPC is not subjected to inertia loads (acceleration or deceleration) in excess
of its design basis limit set forth in Chapter 2 herein.

* The overpack does not deform sufficiently due to tornado-borne missiles such
that the shielding effectiveness of the overpack is significantly affected..

The results obtained for the HI-STORM 100 bound the corresponding results for the HI-STORM
100S versions because of the reduced height. In the anchored configuration (HI-STORM 1OA), the
kinematic stability requirement stated above is replaced with the requirement that the stresses in the
anchor studs do not exceed level D stress limits for ASME Section III, Class 3, Subsection NF
components.

3.1.2.1.1.6 Earthquake

Subsections 2.2.3.7 and 3.4.7 contain the detailed specification of the seismic inputs applied to the
HI-STORM 100 System. The design basis earthquake is assumed to be at the top of the ISFSI pad.
Potential consequences of a seismic event are sliding/overturning of a free-standing cask, overstress
of the sector lugs and anchor studs for the anchored HI-STORM I OOA, and lateral force on the
overpack causing excessive stress and deformation of the storage overpack.

In the anchored configuration (HI-STORM I O1A), a seismic event results in a fluctuation in the state
of stress in the anchor bolts and a local bending action on the sector lugs.

Analyses must be performed to ensure that:

" The maximum axial stress in the anchor bolts remains below the Level D stress limits for
Section III Class 3 Subsection NF components.

" The maximum primary membrane plus bending stress intensity in the sector lugs during the
DBE event satisfies Level D stress limits of the ASME Code, Subsection NF.

* The anchor bolts will not sustain fatigue failure due to pulsation in their axial stress during
the DBE event.

" The stress in the weld line joining the sector lugs to the HI-STORM 100 weldment is within
Subsection NF limits for Level D condition.
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3.1.2.1.1.7 Lightning

The HI-STORM 100 Overpack contains over 25,000 lb of highly conductive carbon steel with over
700 square feet of external surface area. Such a large surface area and metal mass is adequate to
dissipate any lightning that may strike the HI-STORM 100 System. There are no combustible
materials on the HI-STORM 100 surface. Therefore, lightning will not impair the structural
performance of components of the HI-STORM 100 System that are important to safety.

3.1.2.1.1.8 Fire

The potential structural consequences of a fire are: the possibility of an interference developing
between the storage overpack and the loaded MPC due to free thermal expansion; and, the
degradation of material properties to the extent that their structural performance is affected during a
subsequent recovery action. The fire condition is addressed to the extent necessary to demonstrate
that these adverse structural consequences do not materialize.

3.1.2.1.1.9 100% Fuel Rod Rupture

The effect on structural performance by 100% fuel rod rupture is felt as an increase in internal
pressure. The accident internal pressure limit set in Chapter 2 bounds the pressure from 100%
fuel rod rupture. Therefore, no new load condition has been identified.

3.1.2.1.2 Load Combinations

Load combinations are created by summing the effects of several individual loads. The load
combinations are selected for the normal, off-normal, and accident conditions. The loadings
appropriate for HI-STORM 100 under the various conditions are presented in Table 2.2.14. These
loadings are combined into meaningful combinations for the various HI-STORM 100 System
components in Tables 3.1.1, and 3.1.3-3'.1.5. Table 3.1.1 lists the load combinations that address
overpack stability. Tables 3.1.3 through 3.1.5 list the applicable load combinations for the fuel
basket, the enclosure vessel, and the overpack and HI-TRAC, respectively.

As discussed in Subsection 2.2.7, the number of discrete load combinations for each situational
condition (i.e., normal, off-normal, etc.) is consolidated by defining bounding loads for certain
groups of loadings. Thus, the accident condition pressure Po* bounds the surface loadings arising
from accident and extreme natural phenomenon events, namely, tornado wind W', flood F, and
explosion E*.

As noted previously, certain loads, namely earthquake E, flowing water under flood condition F,
force from an explosion pressure pulse F*, and tornado missile M, act to destabilize a cask.
Additionally, these loads act on the overpack and produce essentially localized stresses at the HI-
STORM 100 System to ISFSI interface. Table 3.1.1 provides the load combinations that are relevant
to the stability analyses of freestanding casks. The site ISFSI DBE zero period acceleration (ZPA)
must be bounded by the design basis seismic ZPA defined by the Load Combination C of Table
3.1.1 to demonstrate that the margin against tip-over during a seismic event is maintained.
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The major constituents in the HI-STORM 100 System are: (i) the fuel basket, (ii) the enclosure
vessel, (iii) the HI-STORM 100 (or HI-STORM lO0S versions) Overpack, and (iv) the HI-TRAC
transfer cask. The fuel basket and the enclosure vessel (EV) together constitute the multi-purpose
canister. The multi-purpose canister (MPC) is common to HI-STORM 100 and HI-STAR 100, and
as such, has been extensively analyzed in the storage FSAR and transport SAR (Dockets 72-1008
and 71-9261) for HI-STAR 100. Many of the loadings on the MPC (fuel basket and enclosure
vessel) are equal to or bounded by loadings already considered in the HI-STAR 100 SAR
documents. Where such analyses have been performed, their location in the HI-STAR 100 SAR
documents is indicated in this HI-STORM 100 SAR for continuity in narration. A complete account
of analyses and results for all load combinations for all four constituents parts is provided in Section
3.4 as required by Regulatory Guide 3.61.

In the following, the loadings listed as applicable for each situational condition in Table 2.2.14 are
addressed in meaningful load combinations for the fuel basket, enclosure vessel, and the overpack.
Each component is considered separately.

Fuel Basket

Table 3.1.3 summarizes all loading cases (derived.from Table 2.2.14) that are germane to
demonstrating compliance of the fuel baskets to Subsection NG when these baskets are housed
within HI-STORM 100 or HI-TRAC.

The fuel basket is not a pressure vessel; therefore, the pressure loadings are not meaningful loads for
the basket. Further, the basket is structurally decoupled from the enclosure vessel. The gap between
the basket and the enclosure vessel is sized to ensure that no constraint of free-end thermal
expansion of the basket occurs. The demonstration of the adequacy of the basket-to the-enclosure
vessel (EV) gap to ensure absence of interference is a physical problem that must be analyzed.

The normal handling loads on the fuel basket in an MPC within the HI-STORM 100 System or the
HI-TRAC transfer cask are identical to or bounded by the normal handling loads analyzed in the HI-
STAR 100 FSAR Docket Number 72-1008.

Three accident condition scenarios must.be considered: (i) drop with the storage overpack axis
vertical; (ii) drop with the HI-TRAC axis horizontal; and (iii) storage overpack tipover. The vertical
drop scenario is considered in the HI-STAR 100 SAR.

The horizontal drop and tip-over must consider multiple orientation of the fuel basket, as the fuel
basket is not radially symmetric. Therefore, two horizontal drop orientations are considered which
are referred to as the 0 degree drop and 45 degree drop, respectively. In the 0 degree drop, the basket
drops with its panels oriented parallel and normal to the vertical (see Figure 3.1.2). The 45-degree
drop implies that the basket's honeycomb section is rotated meridionally by 45 degrees (Figure
3.1.3).
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Enclosure Vessel

Table 3.1.4 summarizes all load cases that are applicable to structural analysis of the enclosure
vessel to ensure integrity of the confinement boundary.

The enclosure vessel is a pressure vessel consisting of a cylindrical shell, a thick circular baseplate at
the bottom, and a thick circular lid at the top. This pressure vessel must be shown to meet the
primary stress intensity limits for ASME Section III Class 1 at the design temperature and primary
plus secondary stress intensity limits under the combined action of pressure plus thermal loads.

Normal handling of the enclosure vessel is considered in Docket 72-1008; the handling loads are
independent of whether the enclosure vessel is within HI-STAR 100, HI-STORM 100, or HI-TRAC.

The off-normal condition handling loads are identical to the normal condition and, therefore, a
separate analysis is not required.

Analyses presented in this chapter are intended to demonstrate that the maximum decelerations in
drop and tip-over accident events are limited by the bounding values in Table 3.1.2. The vertical
drop event is considered in the HI-STAR 100 SAR Docket 72-1008.

The deceleration loadings developed in the enclosure vessel during a horizontal drop event are
combined with those due to Pi (internal pressure) acting alone. The accident condition pressure is
bounded by Pi*. The design basis deceleration for the MPC in the HI-STAR 100 System is 60g's,
whereas the design basis deceleration for the MPC in the HI-STORM 100 System is 45g's. The
design pressures are identical. The fire event (T* loading) is considered for ensuring absence of
interference between the enclosure vessel and the fuel basket and between the enclosure vessel and
the overpack.

It is noted that the MPC basket-enclosure vessel thermal expansion and stress analyses are
reconsidered in this submittal to reflect the different MPC-to-overpack gaps that exist in the HI-
STORM 100 Overpack versus the HI-STAR 100 overpack, coupled with the different design basis
decelerations.

Storage Overpack

Table 3.1.5 identifies the load cases to be considered for the overpack. These are in addition to the
kinematic criteria listed in Table 3.1.1. Within these load cases and kinematic criteria, the following
items must be addressed:
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Normal Conditions

* The dead load of the HI-TRAC with the heaviest loaded MPC (dry) on top of the HI-
STORM 100 Overpack must be shown to be able to be supported by the metal-concrete
(METCONTM) structure consisting of the two concentric steel shells and the radial ribs.

• The dead load of the HI-STORM 100 Overpack itself must be supportable by the steel
structure with no credit for concrete strength other than self-support in compression.

* Normal handling loads must be accommodated without taking any strength credit from the
contained concrete other than self-support in compression.

Accident Conditions

* Maximum flood water velocity for the overpack with an empty MPC must be specified to
ensure that no sliding or tip-over occurs.

* Tornado missile plus wind on an overpack with an empty MPC must be specified to
demonstrate that no cask tip-over occurs.

* Tornado missile penetration analysis must demonstrate that the postulated large and
penetrant missiles cannot contact the MPC. The small missile must be shown not to penetrate
the MPC pressure vessel boundary, since it can enter the overpack cavity through the vent
ducts.

" Under seismic conditions, a fully loaded, free-standing HI-STORM 100 overpack must be
demonstrated to not tip over under the maximum ZPA event. The maximum sliding of the
overpack must demonstrate that casks will not impact each other.

* Under a non-mechanistic postulated tip-over of a fully loaded, freestanding HI-STORM 100
overpack, the overpack lid must not dislodge.

* Accident condition stress levels must not be exceeded in the steel and compressive stress
levels in the concrete must remain within allowable limits.

* Accident condition induced gross general deformations of the storage overpack must be
limited to values that do not preclude ready retrievability of the MPC.

As noted earlier, analyses performed using the HI-STORM 100 generally provide results that are
identical to or bound results for the shorter HI-STORM lOOS versions; therefore, analyses are not
repeated specifically for the HI-STORM IOOS unless the specific geometry changes significantly
influence the safety factors.
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HI-TRAC Transfer Cask

Table 3.1.5 identifies load cases applicable to the HI-TRAC transfer cask.

The HI-TRAC transfer cask must provide radiation protection, must act as a handling cask when
carrying a loaded MPC, and in the event of a postulated accident must not suffer permanent
deformation to the extent that ready retrievability of the MPC is compromised. This submittal
includes four types of transfer casks: a 125-ton HI-TRAC (referred to as the HI-TRAC 125), a
modified version of the HI-TRAC 125 called the HI-TRAC 125D, a 100-ton HI-TRAC (referred to
as the HI-TRAC 100), and a modified version of the HI-TRAC 100 called the HI-TRAC 100D. The
details of these four transfer casks are provided in the design drawings in Section 1.5. The same steel
structures (i.e., shell thicknesses, lid thicknesses, etc.) are maintained with the only major
differences being in the amount of lead shielding, the water jacket configuration, the bottom flange,
and the lower dead weight loading. Therefore, all structural analyses performed for the HI-TRAC
125 are repeated for the HI-TRAC 125D, the HI-TRAC 100, and the HI-TRAC 100D only if it
cannot be clearly demonstrated that the HI-TRAC 125 calculation is bounding.

3.1.2.2 Allowables

The important to safety components of the HI-STORM 100 System are listed in Table 2.2.6.
Allowable stresses, as appropriate, are tabulated for these components for all service conditions.

In Subsection 2.2.5, the applicable service level from the ASME Code for determination of
allowables is listed. Table 2.2.14 provides a tabulation of normal, off-normal, and accident
conditions and the service levels defined in the ASME Code, along with the applicable loadings for
each service condition.

Allowable stresses and stress intensities are calculated using the data provided in the ASME Code
and Tables 2.2.10 through 2.2.12. Tables 3.1.6 through 3.1.16 contain numerical values of the
stresses/stress intensities for all MPC, overpack, and HI-TRAC load bearing materials as a function
of temperature.

In all tables the terms S, Sin, Sy, and Su, respectively, denote the design stress, design stress intensity,
minimum yield strength, and the ultimate strength. Property values at intermediate temperatures that
are not reported in the ASME Code are obtained by linear interpolation. Property values are not
extrapolated beyond the limits of the Code in any structural calculation.
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Additional terms relevant to the analyses are extracted from the ASME Code (Figure NB-3222- 1, for
example) as follows:

Symbol Description Notes

Pm Average primary stress Excludes effects of discontinuities and concentrations.
across a solid section Produced by pressure and mechanical loads.

PL Average stress across any Considers effects of discontinuities but not concentrations.
solid section Produced by pressure and mechanical loads, including

earthquake inertial effects.

Pb Primary bending stress Component of primary stress proportional to the distance
from the centroid of a solid section. Excludes the effects of
discontinuities and concentrations. Produced by pressure
and mechanical loads, including earthquake inertial effects.

P, Secondary expansion Stresses that result from the constraint of free-end
stress displacement. Considers effects of discontinuities but not

local stress concentration. (Not applicable to vessels.)

Q Secondary membrane plus Self-equilibrating stress necessary to satisfy continuity of
bending stress structure. Occurs at structural discontinuities. Can be caused

by pressure, mechanical loads, or differential thermal
expansion.

F Peak stress Increment added to primary or secondary stress by a
concentration (notch), or, certain thermal stresses that may
cause fatigue but not distortion. This value is not used in the
tables.

It is shown that there is no interference between component parts due to free thermal expansion.
Therefore, Pe does not develop within any HI-STORM 100 component.

It is recognized that the planar temperature distribution in the fuel basket and the overpack under the
maximum heat load condition is the highest at the cask center and drops monotonically, reaching its
lowest value at the outside surface. Strictly speaking, the allowable stresses/stress intensities at any
location in the basket, the enclosure vessel, or the overpack should be based on the coincident metal
temperature under the specific operating condition. However, in the interest of conservatism,
reference temperatures are established for each component, which are upper bounds on the metal
temperature for each situational condition. Table 3.1.17 provides the reference temperatures for the
fuel basket and the MPC canister utilizing Tables 3.1.6 through 3.1.16, and provides conservative
numerical limits for the stresses and stress intensities for all loading cases. Reference temperatures
for the MPC baseplate and the MPC lid are 400 degrees F and 550 degrees F, respectively, as
specified in Table 2.2.3.
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Finally, the lift devices in the HI-STORM 100 Overpack and HI-TRAC casks and the multi-purpose
canisters, collectively referred to as "trunnions", are subject to specific limits set forth by NUREG-
0612: the primary stresses in a trunnion must be less than the smaller of 1/10 of the material ultimate
strength and 1/6 of the material yield strength under a normal handling condition (Load Case 01 in
Table 3.1.5). The load combination D+H in Table 3.1.5 is equivalent to 1.15D. This is further
explained in Subsection 3.4.3.

The region around the trunnions is part of the NF structure in HI-STORM 100 and HI-TRAC and
NB pressure boundary in the MPC, and as such, must satisfy the applicable stress (or stress
intensity) limits for the load combination. In addition to meeting the applicable Code limits, it is
further required that the primary stress required to maintain equilibrium at the defined
trunnion/mother structure interface must not exceed the material yield stress at three times the
handling condition load (1.15D). This criterion, mandated by Regulatory Guide 3.61, Section 3.4.3,
insures that a large safety factor exists on non-local section yielding at the trunnion/mother structure
interface that would lead to unacceptable section displacement and rotation.

3.1.2.3 Brittle Fracture

The MPC canister and basket are constructed from a series of stainless steels termed Alloy X. These
stainless steel materials do not undergo a ductile-to-brittle transition in the minimum temperature
range of the HI-STORM 100 System. Therefore, brittle fracture is not a concern for the MPC
components. Such an assertion can not be made a priori for the HI-STORM storage overpack and
HI-TRAC transfer cask that contain ferritic steel parts. In general, the impact testing requirements
for the HI-STORM overpack and the HI-TRAC transfer cask are a function of two parameters: the
Lowest Service Temperature (LST) and the normal stress level. The significance of these two
parameters, as they relate to impact testing of the overpack and the transfer cask, is discussed below.

In normal storage mode, the LST of the HI-STORM storage overpack structural members may reach
-40°F in the limiting condition wherein the spent nuclear fuel (SNF) in the contained MPCs emits no
(or negligible) heat and the ambient temperature is at -40'F (design minimum per Chapter 2:
Principal Design Criteria). During the HI-STORM handling operations, the applicable lowest service
temperature is 0°F (which is the threshold ambient temperature below which lifting and handling of
the HI-STORM 100 Overpack or the HI-TRAC cask is not permitted by the Technical
Specification). Therefore, two distinct LSTs are applicable to load bearing metal parts within the HI-
STORM 100 Overpack and the HI-TRAC cask; namely,

LST = 0°F for the HI-STORM overpack during handling operations and for the HI-TRAC
transfer cask during all normal operating conditions.

LST = -40'F for the HI-STORM overpack during all non-handling operations (i.e., normal
storage mode).

Parts used to lift the overpack or the transfer cask, which include the anchor block in the HI-STORM
100 overpack, and the pocket trunnions, the lifting trunnions and the lifting trunnion block in HI-
TRAC, will henceforth be referred to as "significant-to-handling" (STH) parts. The applicable code
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for these elements of the structure is ANSI N 14.6. All other parts of the overpack and the transfer
cask will be referred to as "NF" components. It is important to ensure that all materials designated
as "NF" or "STH" parts possess sufficient fracture toughness to preclude brittle fracture. For the
STH parts, the necessary level of protection against brittle fracture is deemed to exist if the NDT (nil
ductility transition) temperature of the part is at least 40' below the LST. Therefore, the required
NDT temperature for all STH parts is -40'F.

It is well known that the NDT temperature of steel is a strong function of its composition,
manufacturing process (viz., fine grain vs. coarse grain practice), thickness, and heat treatment. For
example, according to Burgreen [3.1.3], increasing the carbon content in carbon steels from 0.1% to
0.8% leads to the change in NDT from -50°F to approximately 120 0F. Likewise, lowering of the
normalizing temperature in the ferritic steels from 1200'C to 900'C lowers the NDT from 100C to -
50°C [3.1.3]. It, therefore, follows that the fracture toughness of steels can be varied significantly
within the confines of the ASME Code material specification set forth in Section II of the Code. For
example, SA516 Gr. 70 (which is a principal NF material in the HI-STORM 100 Overpack) can
have a maximum carbon content of up to 0.3% in plates up to four inches thick. Section II further
permits normalizing or quenching followed by tempering to enhance fracture toughness.
Manufacturing processes which have a profound effect on fracture toughness, but little effect on
tensile or yield strength of the material, are also not specified with the degree of specificity in the
ASME Code to guarantee a well defined fracture toughness. In fact, the Code relies on actual
coupon testing of the part to ensure the desired level of protection against brittle fracture. For
Section III, Subsection NF Class 3 parts, the desired level of protection is considered to exist if the
lowest service temperature is equal to or greater than the NDT temperature (per NF 2311 (b)( 10)).
Accordingly, the required NDT temperature for all load bearing metal parts in the HI-STORM 100
Overpack (NF and STH) is -40'F. Likewise, the NDT temperature for all NF parts in HI-TRAC
(except for STH parts) is set equal to 0°F.

The STH components (HI-STORM bolt anchor block, HI-TRAC lifting trunnion, HI-TRAC lifting
trunnion block, and HI-TRAC pocket trunnion) have thicknesses greater than 2". SA350-LF3 has
been selected as the material for these items (except for the lifting trunnions) due to its capability to
maintain acceptable fracture toughness at low temperatures (see Table 5 in SA350 of ASME Section
IIA). Additionally, material for the HI-TRAC top flange, pool lid (100 ton) and pool lid outer ring
(125 ton) has been defined as SA350-LF3, SA350-LF2, or SA203E (see Table Al.15 of ASME
Section IIA) in order to achieve low temperature fracture toughness. The HI-TRAC lifting trunnion
is fabricated from SB-637 Grade N07718, a high strength nickel alloy material. This material has
a high resistance to fracture at low temperatures. All other steel structural materials in the HI-
STORM 100 overpack and HI-TRAC cask are made of SA516 Gr. 70, SA515 Gr. 70, or SA36 (with
some components having an option for SA203E or SA350-LF3 depending on material availability).

The SA516 Gr. 70 material used to fabricate the overpack and the transfer cask is exempt from
impact testing per NF-231 l(b). The specific reasons are:

1. The LST for handling operations is above the Minimum Design Temperature of
SA516 Gr. 70 (for thickness less than 2-1/2") per Figure NF-231 1(b)- 1, and;
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2. During non-handling operations (i.e., normal storage mode), the maximum tensile
stress in the HI-STORM overpack is less than the threshold limit of 6,000 psi
specified in NF-231 I(b)(7).

Even though SA516 Gr. 70 material is exempt from impact testing per the above, certain
components of the HI-STORM 100A overpack, namely the lug support ring, the gussets, and the
baseplate, are impact tested, as a defense-in-depth measure, because they are potentially subject to
high tensile stress levels (i.e., greater than 6,000 psi) during an earthquake.

Table 3.1.18 provides a summary of impact testing requirements to satisfy the requirements for
prevention of brittle fracture.

3.1.2.4 Fatigue

In storage, the HI-STORM 100 System is not subject to significant cyclic loads. Failure due to
fatigue is not a concern for the HI-STORM 100 System.

In an anchored installation, however, the anchor studs sustain a pulsation in the axial load during the
seismic event. The amplitude of axial stress variation under the DBE event is computed in this
chapter and a significant margin of safety against fatigue failure during the DBE event is
demonstrated.

The system is subject to cyclic temperature fluctuations. These fluctuations result in small changes
of thermal expansions and pressures in the MPC. The loads resulting from these changes are small
and do not significantly contribute to the "usage factor" of the cask.

Inspection of the HI-TRAC trunnions specified in Chapter 9 will preclude use of a trunnion that

exhibits visual damage.

3.1.2.5 Buckling

Certain load combinations subject structural sections with relatively large slenderness ratios (such as
the enclosure vessel shell) to compressive stresses that may actuate buckling instability before the
allowable stress is reached. Tables 3.1.4 and 3.1.5 list load combinations for the enclosure vessel and
the HI-STORM 100/HI-TRAC structures; the cases which warrant stability (buckling) check are
listed therein (note that a potential buckling load has already been identified as a consequence of a
postulated explosion).
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TABLE 3.1.1

LOAD COMBINATIONS SIGNIFICANT TO HI-STORM 100 OVERPACK
KINEMATIC STABILITY ANALYSIS

Loading
Case

Combinatios Comment Analysis of this
Load Case
Presented in:

A D + F This case establishes flood water flow Subsection 3.4.6
velocity with a minimum safety factor of
1.1 against overturning and sliding.

B D + M + W' Demonstrate that the HI-STORM 100 Subsection 3.4.8
Overpack with minimum SNF stored
(minimum D). will not tip over.

C D + E Establish the value of ZPA"• that will not Subsection 3.4.7
cause the overpack to tip over.

t

tt

Loading symbols are defined in Table 2.2.13

ZPA is zero period acceleration
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TABLE 3.1.2

DESIGN BASIS DECELERATIONS FOR THE DROP EVENTS

Case Valuet

(in multiples of acceleration
due to gravity)

Vertical axis drop (HI-STORM 100 Overpack 45
only)

Horizontal axis (side) drop (HI-TRAC only) 45

t The design basis value is set from the requirements of the HI-STORM 100 System, as its
components are operated as a storage system. The MPC is designed to higher loadings
(60g's vertical and horizontal) when in a HI-STAR 100 overpack. Analysis of the MPC in
a HI-STAR 100 overpack under a 60g loading is provided in HI-STAR 100 Docket
Numbers 71-9261 and 72-1008.
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TABLE 3.1.3

LOADING CASES FOR THE FUEL BASKET

Load Case Loadingt Notes Location
I.D. Where this Case

is Evaluated

F1 T, T' Demonstrate that the most adverse of the Subsection 3.4.4.2
temperature distributions in the basket will
not cause fuel basket to expand and contact
the enclosure vessel wall. Compute the
secondary stress intensity and show that it is
small.

F2 (Note 1) D + H Conservatively add the stresses in the basket Table 3.4.9 of HI-
due to vertical and horizontal orientation STAR FSAR
handling to form a bounding stress intensity. (Docket 72-1008)

F3
F3.a D + H' Vertical axis drop event HI-STAR FSAR,

(Note 2) Subsection
3.4.4.3.1.6

F3.b D + H' Side Drop, 0 degree orientation (Figure 3.1.2) Table 3.4.6
(Note 3)

F3.c D + H' Side Drop, 45 degree orientation (Figure Table 3.4.6
(Note 3) 3.1.3)

Notes:
I1. Load Case F2 for the HI-STORM 100 System is identical to Load Case F2 for the HI-STAR 100 System in

Docket Number 72-1008, Table 3.1.3.

2. Load Case F3.a is bounded by the 60g deceleration analysis performed for the HI-STAR 100 System in Docket
Number 72-1008, Subsection 3.4.4.3.1.6. The HI-STORM 100 vertical deceleration loading is limited to 45g.

3. Load Cases F3.b and F3.c are analyzed here for a 45g deceleration, while the MPC is housed within a HI-
STORM 100 Overpack or a HI-TRAC transfer cask. The initial clearance at the interface between the MPC
shell and the HI-STORM 100 Overpack or HI-TRAC transfer cask is greater than or equal to the initial
clearance between the MPC shell and the HI-STAR 100 overpack. This difference in clearance directly affects
the stress field. The side drop analysis for the MPC in the HI-STAR 100 overpack under 60g's bounds the
corresponding analysis of the MPC in HI-TRAC for 45 g's.

t The symbols used for the loadings are defined in Table 2.2.13.
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TABLE 3.1.4

LOADING CASES FOR THE ENCLOSURE VESSEL (CONFINEMENT BOUNDARY)

Load Case Load Combinationt Notes Comments and
I.D. Location Where this Case is Analyzed

El (Note 1)
El.a Design internal pressure, Primary stress intensity limits in E .a Lid Docket 72-1008 3.E.8.1.1

P, the shell, baseplate, and closure Baseplate Docket 72-1008 3.1.8.1
ring Shell 3.4.4.3.1.2

Supports N/A

El.b Design external pressure, Primary stress intensity limits, El.b Lid Pi bounds
P0  buckling stability Baseplate Pi bounds

Shell Docket 72-1008 Buckling methodology in
3.H

Supports N/A
El.c Design internal pressure, Primary plus secondary stress

Pi, Plus Temperature, T intensity under Level A condition El.c Lid, Baseplate, and Shell Section 3.4.4.3.1.2

E2 D + H + (PiP)tt Vertical lift, internal operating Lid Docket 72-1008 3.E.8.1.2
pressure conservatively assumed Baseplate Docket 72-1008 3.1.8.2
to be equal to the normal design Shell Docket 72-1008 Table 3.4.9 (stress)
pressure. Principal area of Docket 72-1008 Buckling methodology in 3.H
concern is the lid assembly. Supports Docket 72-1008 Table 3.4.9

t The symbols used for the loadings are defined in Table 2.2.13.

tt The notation (Pi, Po) means that both cases are checked with either P0 or Pi applied.
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TABLE 3.1.4 (CONTINUED)

LOADING CASES FOR THE ENCLOSURE VESSEL (CONFINEMENT BOUNDARY)

Load Case Comments and
I.D. Load Combinationt Notes Location Where this Case is Analyzed

E3
E3.a D + H' + (Po, P,) Vertical axis drop event E3.a Lid Docket 72-10083.E.8.2.1-2

(Note 2) Baseplate Docket 72-10083.1.8.3
Shell Docket 72-10081Buckling methodology

in 3.H
Supports N/A

E3.b D + H' + (Pi, P.) Side drop, 0 degree orientation E3.b Lid End drop bounds
(Note 3) (Figure 3.1.2) Baseplate End drop bounds

Shell Table 3.4.6
Supports Table 3.4.6

E3.c D + H' + (Pi, P,) Side drop, 45 degree E3.c Lid End drop bounds
(Note 3) orientation (Figure 3.1.3) Baseplate End drop bounds

Shell Table 3.4.6
Supports Table 3.4.6

E4 T Demonstrate that interference Section 3.4.4.2
with the overpack will not
develop for T.

t The symbols used for the loadings are defined in Table 2.2.13.
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TABLE 3.1.4 (CONTINUED)

LOADING CASES FOR THE ENCLOSURE VESSEL (CONFINEMENT BOUNDARY)

Load Case Comments and
I.D. Load Combinationt Notes Location Where this Case is Analyzed

E5 Pg* or Po* + D + T* Demonstrate compliance with Lid 3.4.4.3.1.10
level D stress limits - buckling Baseplate 3.4.4.3.1.10
stability. Shell Docket 72-1008 Buckling methodology in 3.H

3.4.4.3.1.2 (stress)
Supports N/A

Notes:

I Load Cases El .a, E 1.b, and E2 are identical to the load cases presented in Docket Number 72-1008, Table 3.1.4. Design pressures
and MPC weights are identical.

2. Load Case E3.a is bounded by the 60g deceleration analysis performed for the HI-STAR 100 System in Docket Number 72-1008.
The HI-STORM 100 vertical deceleration loading is limited to 45g.

3. Load Cases E3.b and E3.c are analyzed in this HI-STORM 100 SAR for a 45g deceleration, while the MPC is housed within the
HI-STORM 100 storage overpack. The interface between the MPC shell and storage overpack is not identical to the MPC shell and
HI-STAR 100 overpack. The analysis for an MPC housed in HI-TRAC is not performed since results are bounded by those reported
in the HI-STAR 100 TSAR for a 60g deceleration.

t The symbols used for the loadings are defined in Table 2.2.13.
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TABLE 3.1.5

LOAD CASES FOR THE HI-STORM 100 OVERPACK/HI-TRAC TRANSFER CASK

Load Case Loading t  Notes Location in FSAR
I.D.

01 D + H + T + Vertical load handling of HI-STORM 100 Overpack 3.4.3.5
(Po,Pi) Overpack/HI-TRAC.

HI-TRAC
Shell 3.4.3.3,

3.4.3.4
Pool lid 3.4.3.8
Transfer lid 3.4.3.9

02
02.a D + H' + (Po,Pi) Storage Overpack: End drop; primary stress Overpack 3.4.4.3.2.3

intensities must meet level D stress limits.

02.b D + H'+ (Po,Pi) HI-TRAC: Horizontal (side) drop; meet level D HI-TRAC
stress limits for NF Class 3 components away Shell 3.4.9.1
from the impacted zone; show lids stay in-place. Transfer Lid 3.4.4.3.3.3
Show primary and secondary impact Slapdown 3.4.9.2
decelerations are within design basis.
(This case is only applicable to HI-TRAC.)

02.c D + H' Storage Overpack: Tip-over; any permanent Overpack 3.4.10, 3.A
deformations must not preclude ready retrieval
of the MPC.

t The symbols used for the loadings are defined in Table 2.2.13
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TABLE 3.1.5 (CONTINUED)

LOAD CASES FOR THE HI-STORM 100 OVERPACK/HI-TRAC TRANSFER CASK

Load Case Loading t  Notes Location in FSAR
I.D.

03 D (water Satisfy primary membrane plus bending stress 3.4.4.3.3.4
jacket) limits for water jacket (This case is only

applicable to HI-TRAC).

04 M (penetrant Demonstrate that no thru-wall breach of the HI- Overpack 3.4.8.1
missiles) STORM overpack or HI-TRAC transfer cask

occurs, and the primary stress levels are not HI-TRAC 3.4.8.2.1,
exceeded. Small and intermediate missiles are 3.4.8.2.2
examined for HI-STORM and HI-TRAC. Large
missile penetration is also examined for HI-
TRAC.

05 Po Explosion: must not produce buckling or exceed 3.4.4.5.2,
primary stress levels in the overpack structure. 3.4.7.2

Notes:

I1. Under each of these load cases, different regions of the structure are analyzed to demonstrate compliance.

t The symbols used for the loadings are defined in Table 2.2.13
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TABLE 3.1.6

DESIGN, LEVELS A AND B: STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASME NB
SA203-E
Design, Levels A and B
Stress Intensity

Temp. Classification and Value (ksi)
(Deg. F) Sm Pit PLt PL + Pbt PL + Pb + Qtt petI

-20 to 100 23.3 23.3 35.0 35.0 69.9 69.9
200 23.3 23.3 35.0 35.0 69.9 69.9
300 23.3 23.3 35.0 35.0 69.9 69.9
400 22.9 22.9 34.4 34.4 68.7 68.7
500 21.6 21:6 32.4 32.4 64.8 64.8

Definitions:
Sm =

Phm
PL =

Pb =

Pe

Q =
PL + Pb =

Stress intensity values per ASME Code
Primary membrane stress intensity
Local membrane stress intensity
Primary bending stress intensity
Expansion stress
Secondary stress
Either primary or local membrane plus primary bending

Definitions for Table 3.1.6 apply to all following tables unless modified.

Notes:

1. Limits on values are presented in Table 2.2.10.

t
tt

Evaluation required for Design condition only.
Evaluation required for Levels A and B only. P, not applicable to vessels.
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TABLE 3.1.7

LEVEL D: STRESS INTENSITY

Code:
Material:
Service Condition:
Item:

ASME NB
SA203-E
Level D
Stress Intensity

Classification and Value (ksi)
Temp. (Deg. F) Pm PL PL + Pb

-20 to 100 49.0 70.0 70.0

200 49.0 70.0 70.0

300 49.0 70.0 70.0

400 48.2 68.8 68.8

500 45.4 64.9 64.9

Notes:

1.
2.
3.
4.

Level D allowables per NB-3225 and Appendix F, Paragraph F-1331.
Average primary shear stress across a section loaded in pure shear may not exceed 0.42 Su.
Limits on values are presented in Table 2.2.10.
Pm, PL, and Pb are defined in Table 3.1.6.
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TABLE 3.1.8

DESIGN, LEVELS A AND B: STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASME NB
SA350-LF3
Design, Levels A and B
Stress Intensity

Temp. Classification and Value (ksi)

(Deg. F) Sm Pmt PL t PL + Pbt PL + Pb +Qtt Pe t

-20 to 100 23.3 23.3 35.0 35.0 69.9 69.9

200 22.8 22.8 34.2 34.2 68.4 68.4

300 22.2 22.2 33.3 33.3 66.6 66.6

400 21.5 21.5 32.3 32.3 64.5 64.5

500 20.2 20.2 30.3 30.3 60.6 60.6

600 18.5 18.5 27.75 27.75 55.5 55.5

700 16.8 16.8 25.2 25.2 50.4 50.4

Notes:

I.
2.
3.

Source for Sm is ASME Code
Limits on values are presented in Table 2.2.10.
Sm, Pm, PL, Pb, Q, and Pe are defined in Table 3.1.6.

t Evaluation required for Design condition only.

tt Evaluation required for Levels A and B conditions only. P, not applicable to
vessels.
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TABLE 3.1.9

LEVEL D, STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASME NB
SA350-LF3
Level D
Stress Intensity

Temp. (Deg. F) Classification and Value (ksi)

Pm PL PL + Pb

-20 to 100 r 49.0 70.0 70.0

200 48.0 68.5 68.5

300 46.7 66.7 66.7

400 45.2 64.6 64.6

500 42.5 60.7 60.7

600 38.9 58.4 58.4

700 35.3 53.1 53.1

Notes:

1.
2.
3.
4.

Level D allowables per NB-3225 and Appendix F, Paragraph F-1331.
Average primary shear stress across a section loaded in pure shear may not exceed 0.42 Su.
Limits on values are presented in Table 2.2.10.
Pmo, PL, and Pb are defined in Table 3.1.6.
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TABLE 3.1.10

DESIGN AND LEVEL A: STRESS

Code:
Material:
Service Conditions:
Item:

ASME NF
SA516, Grade 70, SA350-LF3, SA203-E
Design and Level A
Stress

Classification and Value (ksi)
Temp. (Deg. F) Membrane plus

S Membrane Stress Bending Stress

-20 to 650 17.5 17.5 26.3

700 16.6 16.6 24.9

Notes:

1.
2.
3.

S = Maximum allowable stress values from Table 1A of ASME Code, Section II, Part D.
Stress classification per Paragraph NF-3260.
Limits on values are presented in Table 2.2.12.
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TABLE 3.1.11

LEVEL B: STRESS

Code:
Material:
Service Conditions:
Item:

ASME NF
SA516, Grade 70, SA350-LF3, and SA203-E
Level B
Stress

Classification and Value (ksi)
Temp. (Deg. F) Membrane plus

Membrane Stress Bending Stress

-20 to 650 23.3 34.9

700 22.1 33.1

Notes:

1. Limits on values are presented in Table 2.2.12 with allowables from Table 3.1.10.
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TABLE 3.1.12

LEVEL D: STRESS INTENSITY

Code: ASME NF
Material: SA516, Grade 70
Service Conditions: Level D
Item: Stress Intensity

Classification and Value (ksi)
Temp. (Deg. F)

Sm Pm Pm + Pb

-20 to 100 23.3 45.6 68.4

200 23.1 41.5 62.3

300 22.5 40.4 60.6

400 21.7 39.1 58.7

500 20.5 36.8 55.3

600 18.7 33.7 50.6

650 18.4 33.1 49.7

700 18.3 32.9 49.3

Notes:

I.
2.
3.
4.

Level D allowable stress intensities per Appendix F, Paragraph F-1332.
Sm = Stress intensity values per Table 2A of ASME, Section II, Part D.
Limits on values are presented in Table 2.2.12.
Pm and Pb are defined in Table 3.1.6.
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TABLE 3.1.13

DESIGN, LEVELS A AND B: STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASME NB
Alloy X
Design, Levels A and B
Stress Intensity

Temp. Classification and Numerical Value

(Deg. F) Sm Pmt PLt PL + Pbt PL+ Pett
Pb+Qtf

-20 to 100 20.0 20.0 30.0 30.0 60.0 60.0

200 20.0 20.0 30.0 30.0 60.0 60.0

300 20.0 20.0 30.0 30.0 60.0 60.0

400 18.7 18.7 28.1 28.1 56.1 56.1

500 17.5 17.5 26.3 26.3 52.5 52.5

600 16.4 16.4 24.6 24.6 49.2 49.2

650 16.0 16.0 24.0 24.0 48.0 48.0

700 15.6 15.6 23.4 23.4 46.8 46.8

750 15.2 15.2 22.8 22.8 45.6 45.6

800 14.9 14.9 22.4 22.4 44.7 44.7

Notes:

1. S,= Stress intensity values per Table 2A of ASME I1, Part D.
2. Alloy X Sm, values are the lowest values for each of the candidate materials at

temperature.
3. Stress classification per NB-3220.
4. Limits on values are presented in Table 2.2.10.
5. Pm, PL, Pb, Q, and Pe are defined in Table 3.1.6.

t Evaluation required for Design condition only.
tt Evaluation required for Levels A, B conditions only. P, not applicable to vessels.
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TABLE 3.1.14

LEVEL D: STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASME NB
Alloy X
Level D
Stress Intensity

Temp. (Deg. Classification and Value (ksi)
F) Pm PL PL + Pb

-20 to 100 48.0 72.0 72.0

200 48.0 72.0 72.0

300 46.2 69.3 69.3

400 44.9 67.4 67.4

500 42.0 63.0 63.0

600 39.4 59.1 59.1

650 38.4 57.6 57.6

700 37.4 56.1 56.1

750 36.5 54.8 54.8

800 35.8 53.7 53.7

Notes:

1.
2.

3.
4.

Level D stress intensities per ASME NB-3225 and Appendix F, Paragraph F-1331.
The average primary shear strength across a section loaded in pure shear may not exceed
0.42 Su.
Limits on values are presented in Table 2.2.10.
Pm, PL, and Pb are defined in Table 3.1.6.
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TABLE 3.1.15

DESIGN, LEVELS A AND B: STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASME NG
Alloy X
Design, Levels A and B
Stress Intensity

Temp. Classification and Value (ksi)

(Deg. F) Sm Pm Pm+Pb Pe+Q

-20 to 100 20.0 20.0 30.0 60.0 60.0

200 20.0 20.0 30.0 60.0 60.0

300 20.0 20.0 30.0 60.0 60.0

400 18.7 18.7 28.1 56.1 56.1

500 17.5 17.5 26.3 52.5 52.5

600 16.4 16.4 24.6 49.2 49.2

650 16.0 16.0 24.0 48.0 48.0

700 15.6 15.6 23.4 46.8 46.8

750 15.2 15.2 22.8 45.6 45.6

800 14.9 14.9 22.4 44.7 44.7

Notes:

1.
2.

3.
4.
5.

S = Stress intensity values per Table 2A of ASME, Section II, Part D.
Alloy X Sm values are the lowest values for each of the candidate materials at
temperature.
Classifications per NG-3220.
Limits on values are presented in Table 2.2.11.
Pm, Pb, Q, and Pe are defined in Table 3.1.6.
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TABLE 3.1.16

LEVEL D: STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASME NG
Alloy X
Level D
Stress Intensity

Temp. Classification and Value (ksi)

(Deg. F) Pm PL PL + Pb

-20 to 100 48.0 72.0 72.0

200 48.0 72.0 '72.0

300 46.2 69.3 69.3

400 44.9 67.4 67.4

500 42.0 63.0 63.0

600 39.4 59.1 59.1

650 38.4 57.6 57.6

700 37.4 56.1 56.1

750 36.5 54.8 54.8

800 35.8 53.7 53.7

Notes:

1.
2.

3.
4.

Level D stress intensities per ASME NG-3225 and Appendix F, Paragraph F- 1331.
The average primary shear strength across a section loaded in pure shear may not exceed
0.42 Su.
Limits onvalues are presented in Table 2.2.11.
Pm, PL, and Pb are defined in Table 3.1.6.
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TABLE 3.1.17

REFERENCE TEMPERATURES AND STRESS LIMITS
FOR THE VARIOUS LOAD CASES

Load Case Material Reference Stress Intensity Allowables, ksi

I.D. Temperaturet, 0 F Pm PL + Pb PL+Pb+ Q

Fl Alloy X 725 15.4 23.1 46.2

F2 Alloy X 725 15.4 23.1 46.2

F3 Alloy X 725 36.9 55.4 NL

El Alloy X 500 17.5 26.3 52.5

E2 Alloy X 500 17.5 26.3 52.5

E3 Alloy X 500 42.0 63.0 NLtt

E4 Alloy X 500 17.5 26.3 52.5

E5 Alloy X 775 36.15 54.25 NL

Notes:

1.
2.

Q, Pm, PL, and Pb are defined in Table 3.1.6.
Reference temperatures for Load Cases El-E4 are for MPC shell; for MPC lid and
MPC baseplate, reference temperatures are 550 deg. F and 400 deg. F, respectively
(per Table 2.2.3) and stress intensity allowables should be adjusted accordingly.

t

tt

Values for reference temperatures are chosen to bound the thermal results in
Chapter 4. Lower temperature values may be used provided that they are at least
equal to the calculated temperature for the specific component and location or
otherwise justified.

NL: No specified limit in the Code
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TABLE 3.1.17 (CONTINUED)

REFERENCE TEMPERATURES AND STRESS LIMITS FOR THE VARIOUS LOAD
CASES

Load Reference Stress Intensity Allowables, ksi
Case Material Temperature,t'tt

I.D. 0 F P. PL + Pb PL+ Pb + Q
SA203-E 400 17.5 26.3 NLttt

01 SA350-LF3 400 17.5 26.3 NL
SA516 Gr. 70SA516 Gr. 70 400 17.5 26.3 NLSA515 Gr. 70

SA203-E 400 41.2 61.7 NL

02 SA350-LF3 400 38.6 58.0 NL

SA516 Gr. 70SAI r 0400 39.1I 58.7 NLSA515 Gr. 70

SA203-E 400 17.5 26.3 NL

03 SA350-LF3 400 17.5 26.3 NL

SA516 Gr. 70 400 17.5 26.3 NL
SA515 Gr. 70

SA203-E 400 41.2 61.7 NL

04 SA350-LF3 400 38.6 58.0 NL
SA516 Gr. 70SA516 Gr. 70 400 39.1 58.7 NLSA515 Gr. 70

Note:
1.
2.

Pm, PL, Pb, and Q are defined in Table 3.1.6.
Load Cases 01 and 03 are for Normal Conditions; therefore the values listed refer to
allowable stress, not allowable stress intensity

t

14

ttt

Values for reference temperatures are chosen to bound the thermal results in
Chapter 4. Lower temperature values may be used provided that they are at least
equal to the calculated temperature for the specific component and location or
otherwise justified.

For storage fire analysis, temperatures are defined by thermal solution

NL: No specified limit in the Code
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TABLE 3.1.18
FRACTURE'TOUGHNESS TEST REQUIREMENTS

Material Test Requirement Test Temperature Acceptance Criterion
Bolting (SA 193 B7) Not required (per NF-231 l(b)(13) and Note. -

(e) to Figure NF-231 1(b)-I)
Ferritic steel with nominal section Not required per NF-231 I(b)(l)
thickness of 5/8" or less

SA36 (thickness greater than 5/8") Not required per NF-23 I l(b)(7) -

Normalized SA516 Gr. 70 Not required per NF-231 I(b)(7), NF-
(thickness greater than 5/8", but 2311 (b)(13), and curve D in Figure NF-
less than or equal to 2-1/2"), except 2311 (b)-I
for HI-STORM 1 O0A baseplate,
lug support ring, and gussets

HI-STORM I OOA baseplate, lug Per NF-2331 See Note 1. (Also must meet ASME Table NF-233 I (a)-3 or Figure NF-
support ring, and gussets Section IIA requirements) 233 1(a)-2
(See Note 2) (Also must meet ASME Section

IIA requirements)

SA203, SA515 Gr. 70, SA350-LF2, Per NF-2331 See Note 1. (Also must meet ASME Table NF-233 I (a)-3 or Figure NF-
SA350-LF3 (thickness greater than Section IIA requirements) 233 l(a)-2
5/8") (Also must meet ASME Section

IIA requirements)

Weld material Test per NF-2430 if: See Note I Per NF-2330
I) either of the base materials of the

production weld requires impact
testing, or;

2) either of the base materials is
SA516 Gr. 70 with nominal
section thickness greater than 5/8".

Notes:
1. Required NDT temperature = -40 deg. F for all materials in the HI-STORM 100 Overpack, -40 deg. F for HI-TRAC "STH" materials, and 0 deg. F for

HI-TRAC "NT" materials.
2. In accordance with ASME Code Subsection NF, impact testing is not required for these components; specified testing is performed strictly for

defense-in-depth.
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TABLE 3.1.19

DESIGN AND LEVEL A: STRESS

Code:
Material:
Service Conditions:
Item:

ASME NF
SA36
Design and Level A
Stress

Classification and Value (ksi)
Temp. (Deg. F) Membrane plus

S Membrane Stress BnigSrsBending Stress

-20 to 650 14.5 14.5 21.8

700 13.9 13.9 20.9

Notes:

I.
2.
3.

S = Maximum allowable stress values from Table IA of ASME Code, Section II, Part D.
Stress classification per Paragraph NF-3260.
Limits on values are presented in Table 2.2.12.
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TABLE 3.1.20

LEVEL B: STRESS

Code:
Material:
Service Conditions:
Item:

ASME NF
SA36
Level B
Stress

Classification and Value (ksi)
Temp. (Deg. F) Membrane plus

Membrane Stress BnigSrsBending Stress

-20 to 650 19.3 28.9

700 18.5 27.7

Notes:

1. Limits on values are presented in Table 2.2.12 with allowables from Table 3.1.19.
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TABLE 3.1.21

LEVEL D: STRESS INTENSITY

Code:
Material:
Service Conditions:
Item:

ASME NF
SA36
Level D
Stress Intensity

Classification and Value (ksi)
Temp. (Deg. F)

Sm Pm Pm + Pb

-20 to 100 19.3 43.2 64.8

200 19.3 37.0 55.5

300 19.3 36.0 54.0

400 19.3 34.7 52.1

500 19.3 32.8 49.2

600 17.7 30.0 45.0

650 17.4 29.5 44.3

700 17.3 29.2 43.8

Notes:

1.
2.
3.
4.

Level D allowable stress intensities per Appendix F, Paragraph F-1332.
Sm = Stress intensity valuesper Table 2A of ASME, Section II, Part D.
Limits on values are presented in Table 2.2.12.
Pm and Pb are defined in Table 3.1.6.
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3.2 WEIGHTS AND CENTERS OF GRAVITY

Tables 3.2.1 and 3.2.2 provide the calculated weights of the individual HI-STORM 100 components
as well as the total system weights. The actual weights will vary within a narrow range of the
calculated values due to the tolerances in metal manufacturing and fabrication permitted by the
ASME Codes. Contained water mass during fuel loading is not included in this table.

The locations of the calculated centers of gravity (CGs) are presented in Table 3.2.3. All centers of
gravity are located on the cask centerline since the non-axisymmetric effects of the cask system plus
contents are negligible.

Table 3.2.4 provides the lift weight when the HI-TRAC transfer cask with the heaviest fully loaded
MPC is being lifted from the fuel pool. The effect of buoyancy is neglected, and the weight of
rigging is set at a conservative value.

In all weight tables, bounding values are also listed where necessary for use in structural calculations
where their use will provide a conservative result.
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TABLE 3.2.1
HI-STORM OVERPACK WEIGHT DATA

Item Bounding Weight (Ib)

MPC-24

* Without SNF 42,000

* Fully loaded with SNF and Fuel Spacers 90,000

MPC-32

* Without SNF 36,000

* Fully loaded with SNF and Fuel Spacers 90,000

MPC-68/68F/68FF

Without SNF 39,000

* Fully loaded with SNF and Fuel Spacers 90,000

MPC-24E/EF

* Without SNF 45,000

* Fully loaded with SNF and Fuel Spacers 90,000

HI-STORM 100 Overpack t

Overpack top lid 23,000

Overpack w/ lid (empty) 270,000

Overpack w/ fully loaded MPC-24 360,000

Overpack w/ fully loaded MPC-32 360,000

Overpack w/ fully loaded MPC-68/68F/68FF 360,000

Overpack w/ fully loaded MPC-24E/EF 360,000

HI-STORM 100S(232) Overpack t

Overpack top lid 25,500

Overpack w/ lid (empty) 270,000

Overpack w/ fully loaded MPC-24 360,000

Overpack w/ fully loaded MPC-32 360,000

Overpack w/ fully loaded MPC-68/68F/68FF 360,000

Overpack w/ fully loaded MPC-24E/EF 360,000
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TABLE 3.2.1 (CONTINUED)
HI-STORM OVERPACK WEIGHT DATA

Item Bounding Weight (lb)

HI-STORM 100S(243) Overpackt

Overpack top lid 2 5 ,5 0 01t

Overpack w/ lid (empty) 270,000

Overpack w/ fully loaded MPC-24 360,000

Overpack w/ fully loaded MPC-32 360,000

Overpack w/ fully loaded MPC-68/68F/68FF 360,000

Overpack w/ fully loaded MPC-24E/EF 360,000

HI-STORM 100A Overpack t  Same as above

HI-STORM 100S Version B(218) Overpack (values in
parentheses use high density concrete in overpack body)

* Overpack top lid 29,000

* Overpack w/ lid (empty) 270,000 (305,000)

Overpack w/ fully loaded MPC-24 360,000 (395,000)

Overpack w/ fully loaded MPC-32 360,000 (395,000)

* Overpack w/ fully loaded MPC-68/68F/68FF 360,000 (395,000)

* Overpack w/ fully loaded MPC-24E/EF 360,000 (395,000)

HI-STORM 100S Version B(229) Overpack (values in
parentheses use high density concrete in overpack body)

* Overpack top lid 29,000

* Overpack w/ lid (empty) 270,000 (320,000)

* Overpack w/ fully loaded MPC-24 360,000 (410,000)

* Overpack w/ fully loaded MPC-32 360,000 (410,000)

* Overpack w/ fully loaded MPC-68/68F/68FF 360,000 (410,000)

* Overpack w/ fully loaded MPC-24E/EF 360,000 (410,000)

The bounding weights for the HI-STORM IOOS(232) and 100S(243) overpacks listed in the above table are based
on a maximum concrete (dry) density of 160.8 pcf. For improved shielding effectiveness, higher density concrete
(up to 200 pcf dry) can be poured in the radial cavity of each of the HI-STORM 100S overpacks. At 200 pcf, the
bounding weights of an empty overpack and a fully loaded overpack increase to 320,000 lb and 410,000 lb,
respectively. Higher density concrete cannot be used in the HI-STORM 100 or IOOA overpacks.

, Value is based on a maximum concrete (dry) density of 155 pcf. For improved shielding effectiveness, higher
density concrete (up to 200 pcf dry) can be poured in the HI-STORM IOOS lids. At 200 pcf, the bounding weight
of the lid increases to 28,000 lb.
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TABLE 3.2.2
HI-TRAC 125 TRANSFER CASK WEIGHT DATA

Item Bounding Weight (ib)

Top Lid 2,750

Pool Lid 12,500

Transfer Lid 24,500

HI-TRAC 125 w/Top Lid and Pool Lid (water jacket filled) 143,500

HI-TRAC 125 w/ Top Lid and Transfer Lid (water jacket filled) 155,000

HI-TRAC 125 w/ Top Lid, Pool Lid, and fully loaded MPC-24 226,000

(water jacket filled)

HI-TRAC 125 w/ Top Lid, Pool Lid, and fully loaded MPC-32
233,500

(water jacket filled)

HI-TRAC 125 w/ Top Lid, Pool Lid, and fully loaded MPC- *231,000
68/68F/68FF(water jacket filled)

HI-TRAC 125 w/ Top Lid, Pool Lid, and fully loaded MPC-24E/EF 229,000
(water jacket filled)

HI-TRAC 125 w/ Top Lid, Transfer Lid, and fully loaded MPC-24
(water jacket filled) 237,500

HI-TRAC 125 w/ Top Lid, Transfer Lid, and fully loaded MPC-32 245,000
(water jacket filled)

HI-TRAC 125 w/ Top Lid, Transfer Lid, and fully loaded MPC- 242,500
68/68F/68FF (water jacket filled)

HI-TRAC 125 w/ Top Lid, Transfer Lid, and fully loaded MPC-24E/EF 240,500
(water jacket filled) I0I
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TABLE 3.2.2 (CONTINUED)
HI-TRAC 100 TRANSFER CASK WEIGHT DATA

Item Bounding Weight (1b)

Top Lid 1,500

Pool Lid 8,000

Transfer Lid 17,000

HI-TRAC 100 w/ Top Lid and Pool Lid (water jacket filled) 102,000

HI-TRAC 100 w/ Top Lid and Transfer Lid (water jacket filled) 111,000

HI-TRAC 100 w/ Top Lid, Pool Lid, and fully loaded MPC-24 •183,500
(water jacket filled)

HI-TRAC 100 w/ Top Lid, Pool Lid, and fully loaded MPC-32 191,000

(water jacket filled)

HI-TRAC 100 w/ Top Lid, Pool Lid, and fully loaded MPC- 188,500
68/68F/68FF (water jacket filled) 188,500

HI-TRAC 100 w/ Top Lid, Pool Lid, and fully loaded MPC-24E/EF 186,500
(water jacket filled)

HI-TRAC 100 w/ Top Lid, Transfer Lid, and fully loaded MPC-24 192,000
(water jacket filled) 192,000

HI-TRAC 100 w/ Top Lid, Transfer Lid, and fully loaded MPC-32 199,000
(water jacket filled) 199,000

HI-TRAC 100 w/ Top Lid, Transfer Lid, and fully loaded MPC-
68/68F/68FF (water jacket filled) 196,500

HI-TRAC 100 w/ Top Lid, Transfer Lid, and fully loaded MPC-24E/EF 194,500
(water jacket filled) 19_,500
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TABLE 3.2.2 (CONTINUED)
HI-TRAC 125D TRANSFER CASK WEIGHT DATA

Item Bounding Weight (1b)

Top Lid 2,750

Pool Lid 12,500

HI-TRAC 125D w/ Top Lid and Pool Lid (water jacket filled) 146,000

HI-TRAC 125D w/ Top Lid, Po61 Lid, and fully loaded MPC-24

(water jacket filled)

HI-TRAC 125D w/ Top Lid, Pool Lid, and fully loaded MPC-32

(water jacket filled) 
236,000

HI-TRAC 125D w/ Top Lid, Pool Lid, and fully loaded MPC- 233,500
68/68F/68FF (water jacket filled)

HI-TRAC 125D w/ Top Lid, Pool Lid, and fully loaded MPC-24E/EF 231,500
(water jacket filled)
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TABLE 3.2.2 (CONTINUED)
HI-TRAC 100D TRANSFER CASK WEIGHT DATA

Item Bounding Weight (lb)

Top Lid 1,500

Pool Lid 8,000

HI-TRAC IOOD w/ Top Lid and Pool Lid (water jacket filled) 102,000

HI-TRAC 100D w/ Top Lid, Pool Lid, and fully loaded MPC-24 183,500

(water jacket filled)

HI-TRAC IOOD w/ Top Lid, Pool Lid, and fully loaded MPC-32 191,000

(water jacket filled)

HI-TRAC IOOD w/ Top Lid, Pool Lid, and fully loaded MPC- 188,500
68/68F/68FF (water jacket filled)

HI-TRAC IOOD w/ Top Lid, Pool Lid, and fully loaded MPC-24E/EF 186,500
(water jacket filled)
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TABLE 3.2.3
CENTERS OF GRAVITY OF HI-STORM SYSTEM CONFIGURATIONS

Component Height of CG Above
Datumt (in)

MPC-24 (empty) 1.09.0

MPC-32 (empty) 113.2

MPC-68/68F/68FF (empty) 111.5

MPC-24E/EF (empty) 108.9

HI-STORM 100 Overpack (empty) 116.8

HI-STORM 100S(232) Overpack (empty) 111.7

HI-STORM 100S(243) Overpack (empty) 117.4

HI-STORM 100S Version B(218) Overpack (empty)(height using standard 108.77(108.45)
weight concrete bounds height calculated using high density concrete)

HI-STORM IOOS Version B(229) Overpack (empty)(height using standard 114.27(113.94)
weight concrete bounds height calculated using high density concrete)

HI-STORM 100 Overpack w/ fully loaded MPC-24 118.8

HI-STORM 100 Overpack w/ fully loaded MPC-32 118.7

HI-STORM 100 Overpack w/ fully loaded MPC-68/68F/68FF 119.0

HI-STORM 100 Overpack w/ fully loaded MPC-24E/EF 119.2

HI-STORM 100S(232) Overpack w/ fully loaded MPC-24 113.8

HI-STORM 100S(232) Overpack w/ fully loaded MPC-32 113.7

HI-STORM IOOS(232) Overpack w/ fully loaded MPC-68/68F/68FF 114.0

HI-STORM 100S(232) Overpack w/ fully loaded MPC-24E/EF 114.2

HI-STORM IOOS(243) Overpack w/ fully loaded MPC-24 118.1

HI-STORM 100S(243) Overpack w/ fully loaded MPC-32 117.9

HI-STORM IOOS(243) Overpack w/ fully loaded MPC-68/68F/68FF 118.2

HI-STORM 100S(243) Overpack w/ fully loaded MPC-24E/EF 118.4

HI-STORM IOOS Version B(218) Overpack w/ fully loaded MPC-24 110.83

HI-STORM IOOS Version B(218) Overpack w/ fully loaded MPC-32 111.88

HI-STORM IOOS Version B(218) Overpack w/ fully loaded MPC-68/68F/68FF 111.45

HI-STORM IOOS Version B(218) Overpack w/ fully loaded MPC-24E/EF 110.80

t See notes at end of table.
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TABLE 3.2.3 (CONTINUED)
CENTERS OF GRAVITY OF HI-STORM SYSTEM CONFIGURATIONS

Height of CG Above

Component Datumt (in)

HI-STORM IOOS Version B(229) Overpack w/ fully loaded MPC-24 114.95

HI-STORM 100S Version B(229) Overpack w/ fully loaded MPC-32 116.00

HI-STORM 100S Version B(229) Overpack w/ fully loaded MPC-68/68F/68FF 115.58

HI-STORM 100S Version B(229) Overpack w/ fully loaded MPC-24E/EF 114.93

HI-TRAC 125 Transfer Cask w/ Top Lid, Transfer Lid, and fully loaded MPC- 995
24 (water jacket filled)

HI-TRAC 125 Transfer Cask w/ Top Lid, Transfer Lid, and fully loaded MPC- 995
32 (water jacket filled)

HI-TRAC 125 Transfer Cask w/ Top Lid, Transfer Lid, and fully loaded MPC-
68/68F/68FF (water jacket filled) 99.8

HI-TRAC 125 Transfer Cask w/Top Lid, Transfer Lid, and fully loaded MPC- 100.1
24E/EF (water jacket filled)

HI-TRAC 100 Transfer Cask w/ Top Lid and Pool Lid (water jacket filled) 91.0

HI-TRAC 100 Transfer Cask w/ Top Lid and Transfer Lid (water jacket filled) 91.1

HI-TRAC 100 Transfer Cask w/ Top Lid, Pool Lid, and fully loaded MPC-24 97.2(water jacket filled)

HI-TRAC 100 Transfer Cask w/ Top Lid, Pool Lid, and fully loaded MPC-32 97.8(water jacket filled)f97.

HI-TRAC 100 Transfer Cask w/ Top Lid, Pool Lid, and fully loaded MPC- 98.068/68F/68FF (water jacket filled)

HI-TRAC 100 Transfer Cask w/ Top Lid, Pool Lid, and fully loaded MPC- 1024E/EF (water jacket filled)

HI-TRAC 100 Transfer Cask w/ Top Lid, Transfer Lid, and fully loaded MPC- 100.324 (water jacket filled)

HI-TRAC 100 Transfer Cask w/ Top Lid, Transfer Lid, and fully loaded MPC- 100.732 (water jacket filled)_ 100.3

HI-TRAC 100 Transfer Cask w/ Top Lid, Transfer Lid, and fully loaded MPC- 101.068/68F/68FF (water jacket filled)10.

H1-TRAC 100 Transfer Cask w/ Top Lid, Transfer Lid, and fully loaded MPC-10.
24E/EF (water jacket filled) 101.0

t See notes at end of table.
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TABLE 3.2.3 (CONTINUED)
CENTERS OF GRAVITY OF HI-STORM SYSTEM CONFIGURATIONS

Component Height of CG Above
Datum (in),

HI-TRAC 125D Transfer Cask w/ Top Lid and Pool Lid (water jacket filled) 92.4

HI-TRAC 125D Transfer Cask w/ Top Lid, Pool Lid, and fully loaded MPC-24 97.6
(water jacket filled)

HI-TRAC 125D Transfer Cask w/ Top Lid, Pool Lid, and fully loaded MPC-32 975
(water jacket filled)97.

HI-TRAC 125D Transfer Cask w/ Top Lid, Pool Lid, and fully loaded MPC- 98
68/68F/68FF (water jacket filled)

HI-TRAC 125D Transfer Cask w/ Top Lid, Pool Lid, and fully loaded MPC- 99.224E/EF (waterjacket filled)
HI-TRAC 1001) Transfer Cask w/ Top Lid and Pool Lid (water jacket filled) 87.0

HI-TRAC I OOD Transfer Cask w/ Top Lid, Pool Lid, and fully loaded MPC-24 10.2
(water jacket filled)

HI-TRAC I 00D Transfer Cask w/ Top Lid, Pool Lid, and fully loaded MPC-32 10.(water jacket filled)

HI-TRAC IOOD Transfer Cask w/ Top Lid, Pool Lid, and fully loaded MPC- 99.168/68F/68FF (water jacket filled)10.

H I-TRAC I100D Transfer Cask w/ Top Lid, Pool Lid, and fully loaded MPC- 9.
24l4/EF (water jacket filled)

Notes:

1. The datum used for calculations involving the HI-STORM is the bottom of the overpack
baseplate. The datum used for calculations involving the HI-TRAC is the bottom of the
pool lid or transfer lid, as appropriate.

2. The datum used for calculations involving only the MPC is the bottom of the MPC
baseplate.

3. The CG heights of the HI-STORM overpacks are calculated based on standard density
concrete (i.e., 150 pcf dry). At higher densities, the CG heights are slightly lower, which
makes the HI-STORM overpacks less prone to tipping.
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TABLE 3.2.4
LIFT WEIGHT ABOVE POOL WITH HI-TRAC 125

Item Estimated Weight Bounding Weight
(lb) (lb)

HI-TRAC 125 w/ Top Lid and Pool Lid (water jacket 142,976
filled)

MPC-32 fully loaded with SNF and fuel spacers 89,765'

HI-TRAC 125 Top Lid -2,730"_

Water in MPC and HI-TRAC 125 Annulus 16,570

Water in Water Jacket -9, 7 5 7 ...

Lift yoke 4,200

Inflatable annulus seal 50

TOTAL 241,074 250,000

t

tt

ttt

Includes MPC closure ring.

HI-TRAC top lid weight is included in transfer cask weight. However, the top lid is not installed during in-pool
operations.

Total weight of HI-TRAC 125 includes water in water jacket. However, during removal from the fuel pool no
W~ater is in the water jacket since the water within the MPC cavity provides sufficient shielding.
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TABLE 3.2.4 (CONTINUED)
LIFT WEIGHT ABOVE POOL WITH HI-TRAC 100

Item Estimated Weight Maximum Weight
(lb) (Ib)

HI-TRAC 100 w/ Top Lid and Pool Lid (water jacket 100,194

filled)

MPC-32 fully loaded with SNF and fuel spacers 89,765'

MPC closure ring -140

HI-TRAC 100 Top Lid -1,203"

Water in MPC and HI-TRAC 100 Annulus 16,570

Water in Water Jacket -7, 5 6 2 ...

Lift yoke 3,200

Inflatable annulus seal 50

TOTAL 200,874.... 200,000

Note: HI-TRAC transfer cask weight is without removable portion of pocket trunnion.

t Includes MPC closure ring.

tt HI-TRAC top lid weight is included in transfer cask weight. However, the top lid is not installed during in-pool

operations.

ttt Total weight of HI-TRAC 100 includes water in water jacket. However, during removal from the fuel pool no

water is in the water jacket since the water within the MPC cavity provides sufficient shielding.

tttt Under worst case conditions, removal of a portion of water from the MPC may be required to reduce the in-pool

lift weight.
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TABLE 3.2.4 (CONTINUED)
LIFT WEIGHT ABOVE POOL WITH HI-TRAC 125D

Item Estimated Weight Bounding Weight
(Ib) (Ib)

HI-TRAC 125D w/ Top Lid and Pool Lid (water jacket 145,635
filled)

MPC-32 fully loaded with SNF and fuel spacers 89,765'

HI-TRAC 125D Top Lid -2,575"

Water in MPC and HI-TRAC 125D Annulus 16,570

Water in Water Jacket -8, 9 5 5 ttt

Lift yoke 4,200

Inflatable annulus seal 50

TOTAL 244,690 250,000

t Includes MPC closure ring.

tt HI-TRAC top lid weight is included in transfer cask weight. However, the top lid is not installed during in-pool
operations.

ttt Total weight of HI-TRAC 125D includes water in water jacket. However, during removal from the fuel pool no

water is in the water jacket since the water within the MPC cavity provides sufficient shielding.
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TABLE 3.2.4 (CONTINUED)
LIFT WEIGHT ABOVE POOL WITH HI-TRAC 100D

Item Estimated Weight Maximum Weight
(lb) (Ib)

HI-TRAC IOOD w/ Top Lid and Pool Lid (water jacket 99,106
filled)

MPC-32 fully loaded with SNF and fuel spacers 8 9 ,7 6 5 t

MPC closure ring -140

HI-TRAC IOOD Top Lid -1,213"

Water in MPC and H1-TRAC 100D Annulus 16,570

Water in Water Jacket -7,665...

Lift yoke 4,200

Inflatable annulus seal 50

TOTAL 2 0 0 ,6 7 3 tttt 200,000

t Includes MPC closure ring.

tt HI-TRAC top lid weight is included in transfer cask weight. However, the top lid is not installed during in-pool
operations.

ttt Total weight of HI-TRAC IOOD includes water in water jacket. However, during removal from the fuel pool no

water is in the water jacket since the water within the MPC cavity provides sufficient shielding.

tttt Under worst case conditions, removal of a portion of water from the MPC may be required to reduce the in-pool

lift weight.
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3.3 MECHANICAL PROPERTIES OF MATERIALS

Table 2.2.6 provides a comprehensive listing of materials of construction, applicable code, and ITS
designation for all functional parts in the HI-STORM 100 System. This section provides the
mechanical properties used in the structural evaluation. The properties include yield stress, ultimate
stress, modulus of elasticity, Poisson's ratio, weight density, and coefficient of thermal expansion.
Values are presented for a range of temperatures which envelopes the maximum and minimum
temperatures under all service conditions discussed in the preceding section where structural
analysis is performed.

The materials selected for use in the MPC, HI-STORM 100 Overpack, and HI-TRAC transfer cask
are presented in the Bills-of-Material in Section 1.5. In this chapter, the materials are divided into
two categories, structural and nonstructural. Structural materials are materials that act as load
bearing members and are, therefore, significant in the stress evaluations. Materials that do not
support mechanical loads are considered nonstructural. For example, the HI-TRAC inner shell is a
structural material, while the lead between the inner and outer shell is a nonstructural material. For
nonstructural materials, the only property that is used in the structural analysis is weight density. In
local deformation analysis, however, such as the study of penetration from a tornado-borne missile,
the properties of lead in HI-TRAC and plain concrete in HI-STORM 100 are included.

3.3.1 Structural Materials

3.3.1.1 Alloy X

A hypothetical material termed Alloy X is defined for all MPC structural components. The material
properties of Alloy X are the least favorable values from the set of candidate alloys. The purpose of
a least favorable material definition is to ensure that all structural analyses are conservative,
regardless of the actual MPC material. For example, when evaluating the stresses in the MPC, it is
conservative to work with the minimum values for yield strength and ultimate strength. This
guarantees that the material used for fabrication of the MPC will be of equal or greater strength than
the hypothetical material used in the analysis. In .the structural evaluation, the only property for
which it is not always conservative to use the set of minimum values is the coefficient of thermal
expansion. Two sets of values for the coefficient of thermal expansion are specified, a minimum set
and a maximum set. For each analysis, the set of coefficients, minimum or maximum that causes the
more severe load on the cask~system is used.

Table 3.3.1 lists the numerical values for the material properties of Alloy X versus temperature.
These values, taken from the ASME Code, Section II, Part D [3.3.1], are used in all structural
analyses. The maximum temperatures in some MPC components may exceed the allowable limits of
temperature during short time duration loading operations, off-normal transfer operations, or storage
accident events. However, no maximum temperature for Alloy X used at or within the confinement
boundary exceeds 1000°F. As shown in ASME Code Case N-47-33 (Class I Components in
Elevated Temperature Service, 1995 Code Cases, Nuclear Components), the strength properties of
austenitic stainless steels do not change due to exposure to 1000°F temperature for up to 10,000
hours. Therefore, there is no significant effect on mechanical properties of the confinement or basket
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material during the short time duration loading. A further description of Alloy X, including the
materials from which it is derived, is provided in Appendix 1.A.'

Two properties of Alloy X that are not included in Table 3.3.1 are weight density and Poisson's ratio.
These properties are assumed constant for all structural analyses, regardless of temperature. The
values used are shown in the table below.

PROPERTY VALUE

Weight Density (lb/in 3) 0.290

Poisson's Ratio 0.30

3.3.1.2 Carbon Steel, Low-Alloy and Nickel Alloy Steel

The carbon steels in the HI-STORM 100 System are SA516 Grade 70, SA515 Grade 70, and SA36.
The nickel alloy and low alloy steels are SA203-E and SA350-LF3, respectively. These steels are
not constituents of Alloy X. The material properties of SA516 Grade 70 and SA515 Grade 70 are
shown in Tables 3.3.2. The material properties of SA203-E and SA350-LF3 are given in Table 3.3.3.
The material properties of SA36 are shown in Table 3.3.6.

Two properties of these steels that are not included in Tables 3.3.2, 3.3.3 and 3.3.6 are weight
density and Poisson's ratio. These properties are assumed constant for all structural analyses. The
values used are shown in the table below.

PROPERTY VALUE

Weight Density (lb/in 3) 0.283

Poisson's Ratio 0.30

3.3.1.3 Bolting Materials

Material properties of the bolting materials used in the HI-STORM 100 System and HI-TRAC
lifting trunnions are given in Table 3.3.4. The properties of representative anchor studs used to
fasten HI-STORM 1O0A are listed in Table 1.2.7.

3.3.1.4 Weld Material

All weld materials utilized in the welding of the Code components comply with the provisions of the
appropriate ASME subsection (e.g., Subsection NB for the MPC enclosure vessel) and Section IX.
All non-code welds will be made using weld procedures that meet Section IX of the ASME Code.
The minimum tensile strength of the weld wire and filler material (where applicable) will be equal to
or greater than the tensile strength of the base metal listed in the ASME Code.
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3.3.2 Nonstructural Materials

3.3.2.1 Solid Neutron Shield

The solid neutron shielding material in the HI-TRAC top lid and transfer lid doors is not considered
as a structural member of the HI-STORM 100 System. Its load carrying capacity is neglected in all
structural analyses except where such omission would be non-conservative. The only material
property of the solid neutron shield that is important to the structural evaluation is weight density
(1.63g/cm 3).

3.3.2.2 Solid Neutron Absorber

The fuel basket solid neutron absorber is not a structural member of the HI-STORM 100 System. Its
load carrying capacity is neglected in all structural analyses. The only material property of the solid
neutron absorber that is important to the structural evaluation is weight density. As the MPC fuel
baskets can be constructed with neutron absorber panels of variable areal density, the weight that
produces the most severe cask load is assumed in each analysis (density 2.644 g/cm 3).

3.3.2.3 Concrete

The primary function of the plain concrete in the HI-STORM storage overpack is shielding.
Concrete in the HI-STORM 100 Overpack is not considered as a structural member, except to
withstand compressive, bearing, and penetrant loads. While concrete is not considered a structural
member, its mechanical behavior must be quantified to determine the stresses in the structural
members (steel shells surrounding it) under accident conditions. Table 3.3.5 provides the concrete
mechanical properties. Allowable, bearing strength in concrete for normal loading conditions is
calculated in accordance with ACI 318.1 [3.3.2]. The procedure specified in ASTM C-39 is utilized
to verify that the assumed compressive strength will be realized in the actual in-situ pours. In
addition, although the concrete is not reinforced (since the absence of reinforcement does not
degrade the compressive strength), the requirements of ACI-349 [3.3.3] are imposed to insure the
suitability of the concrete mix. Appendix 1.D provides additional information on the requirements
on plain concrete'for use in HI-STORM 100 storage overpack.

To enhance the shielding performance of the HI-STORM storage overpack, high density concrete
can be used during fabrication. The permissible range of concrete densities is specified in Table
1..D. 1. The structural calculations consider the most conservative density value (i.e., maximum or
minimum weight), as appropriate.

3.3.2.4 Lead

Lead is not considered as a structural member of the HI-STORM 100 System. Its load carrying
capacity is neglected in all structural analysis, except in the analysis of a tornado missile strike
where it acts as a missile barrier. Applicable mechanical properties of lead are provided in Table
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3.3.5.

3.3.2,5 Aluminum Heat Conduction Elements

Optional aluminum heat conduction elements may be located between the fuel basket and MPC
vessel. They are optional thin flexible elements whose sole function is to transmit heat as described
in Chapter 4. They are not credited with any structural load capacity and are shaped to provide
negligible resistance to basket thermal expansion. The total weight of the aluminum inserts is less
than 1,000 lb. per MPC.
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TABLE 3.3.1
ALLOY X MATERIAL PROPERTIES

Alloy X
Temp.
(Deg. F) SY S" a min aX max E

-40 30.0 75.0 (70.0) 8.54 8.55 28.82

100 30.0 75.0 (70.0) 8.54 8.55 .28.14

150 27.5 73.0 (68.1) 8.64 8.67 27.87

200 25.0 71.0 (66.2) 8.76 8.79 27.6

250 23.75 68.5 (63.85) 8.88 8.9 27.3

300 22.5 66.0 (61.5) 8.97 9.0 27.0

350 21.6 65.2 (60.75) 9.10 9.11 26.75

400 20.7 64.4 (60.0) 9.19 9.21 26.5

450 20.05 64.0 (59.65) 9.28 9.32 26.15

500 19.4 63.5 (59.3) 9.37 9.42 25.8

550 18.8 63.3 (59.1) 9.45 9.50 25.55

600 18.2 63.1 (58.9) 9.53 9.6 25.3

650 17.8 62.8 (58.6) 9.61 9.69 25.05

700 17.3 62.5 (58.4) 9.69 9.76 24.8

750 16.9 62.2 (58.1) 9.76 9.81 24.45

800 16.6 61.7 (57.6) 9.82 9.90 24.1

Definitions:

Sy= Yield Stress (ksi)
a = Mean Coefficient of thermal expansion (in./in. per degree F x 10.6)

S. = Ultimate Stress (ksi)
E = Young's Modulus (psi x 106)

Notes:
1. Source for Sy values is Table Y-1 of [3.3.1].
2. Source for S. values is Table U of [3.3.1 ].
3. Source for at mi, and atma, values is Table TE-I of [3.3.1].
4. Source for E values is material group G in Table TM- I of [3.3.1].

t The ultimate stress of Alloy X is dependent on the product form of the material (i.e., forging vs. plate). Values in
parentheses are based on SA-336 forged materials (type F304, F304LN, F316, and F316LN), which are used
solely for the one-piece construction MPC lids. All other values correspond to SA-240 plate material.
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TABLE 3.3.2
SA516 AND SA515, GRADE 70 MATERIAL PROPERTIES

Temp. SA516 and SA515, Grade 70
(Deg. F) E

-40 38.0 70.0 --- 29.95

100 38.0 70.0 5.53 (5.73) 29.34

150 36.3 70.0 5.71 (5.91) 29.1

200 34.6 70.0 5.89 (6.09) 28.8

250 34.15 70.0 6.09 (6.27) 28.6

300 33.7 70.0 6.26 (6.43) 28.3

350 33.15 70.0 6.43 (6.59) 28.0

400 32.6 70.0 6.61 (6.74) 27.7

450 31.65 70.0 6.77 (6.89) 27.5

500 30.7 70.0 6.91 (7.06) 27.3

550 29.4 70.0 7.06 (7.18) 27.0

600 28.1 70.0 7.17 (7.28) 26.7

650 27.6 70.0 7.30 (7.40) 26.1

700 27.4 70.0 7.41 (7.51) 25.5

750 26.5 69.3 7.50 (7.61) 24.85

Definitions:

Notes;
I.
2.
3.
4.
5.

S, = Yield Stress (ksi)
= Mean Coefficient of thermal expansion (in./in. per degree F x 10"6)

S, = Ultimate Stress (ksi)
E = Young's Modulus (psi x 106)

Source for Sy values is Table Y-1 of [3.3.1].
Source for Su values is Table U of [3.3.1].
Source for cx values is material group C in Table TE-1 of [3.3.1].
Source for E values is "Carbon steels with C less than or equal to 0.30%" in Table TM-I of [3.3.1].
Values for SA515 are given in parentheses where different from SA516.
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TABLE 3.3.3
SA350-LF3 AND SA203-E MATERIAL PROPERTIES

Temp. SA350-LF3 and LF2 SA350-LF3/SA203-E SA203-E
(Deg.F) Sm Sy Su E a Sm SY Su

-20 23.3 37.5 70.0 28.2 --- 23.3 40.0 70.0
(36.0)

100 23.3 37.5 70.0 27.6 6.27 23.3 40.0 70.0
(36.0)

200 22.8 34.2 68.5 27.1 6.54 23.3 36.5 70.0
(21.9) (32.9) (70.0)

300 22.2 33.2 66.7 26.7 6.78 23.3 35.4 70.0
(21.3) (31.9) (70.0)

400 21.5 32.2 64.6 26.1 6.98 22.9 34.3 68.8
(20.6) (30.9) (70.0)

500 20.2 30.3 60.7 25.7 7.16 21.6 32.4 64.9
(19.4) (29.2) (70.0)

600 18.5 -(26.6) -(70.0) - - - -

(17.8)

700 16.8 -(26.0) -(70.0) -

(17.3)

Definitions:

Sm= Design Stress Intensity (ksi)
Sy= Yield Stress (ksi)
S,= Ultimate Stress (ksi)
Cc = Coefficient of Thermal Expansion (in./in. per degree F x 106)
E = Young's Modulus (psi x 106)

Notes:
1. Source for Sm values is ASME Code.
2. Source for Sy values is ASME Code.
3. Source for S, values is ratioing Sm values.
4. Source for cx values is material group E in Table TE-l of [3.3.1].
5. Source for E values is material group B in Table TM-I of [3.3.1].
6. Values for LF2 are given in parentheses where different from LF3.
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TABLE 3.3.4
BOLTING MATERIAL PROPERTIES

Temp. (Deg. SB637-N07718

F)

SY SE E Sm

-100 150.0 185.0 29.9 50.0

-20 150.0 185.0 --.--- 50.0

70 150.0 185.0 29.0 7.05 50.0

100 150.0 185.0 --- 7.08 50.0

200 144.0 177.6 28.3 7.22 48.0

300 140.7 173.5 27.8 7.33 46.9

400 138.3 170.6 27.6 7.45 46.1

500 136.8 168.7 27.1 7.57 45.6

600 135.3 166.9 26.8 7.67 45.1

SA193 Grade B7 (2.5 to 4 inches diameter)

Temp. (Deg. S a -

F)

100 95.0 115.00 - 5.73 -

200 88.5 107.13 - 6.09 -

300 85.1 103.02 - 6.43 -

400 82.3 99.63 - 5.9 -

Definitions:
Sm = Design stress intensity (ksi)
Sy= Yield Stress (ksi)
a= Mean Coefficient of thermal expansion (in./in. per degree F x 10.6)
S,= Ultimate Stress (ksi)
E Young's Modulus (psi x 106)

Notes:
I . Source for Sm values is Table 4 of [3.3. 1].
2. Source for Sy values is ratioing design stress intensity values.
3. Source for S•, values is ratioing design stress intensity values.
4. Source for a values is Tables TE- I and TE-4 of [3.3.1 ], as applicable.
5. Source for E values is Table TM-I of [3.3.1].
6. Source for Sy values for SA193 bolts is Table Y-1 of [3.3.1]; source for S, is by ratioing Sy.
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TABLE 3.3.4 (CONTINUED)
BOLTING MATERIAL PROPERTIES

SA193 Grade B7 (less than 2.5 inch diameter)

Temp. SY Su E ot

(Deg. F)

100 105.0 125.00 5.73

200 98.0 116.67 6.09

300 94.1 112.02 6.43

400 91.5 108.93 6.74

Temp. SA705-630/SA564-630 (Age Hardened at 1075 degrees F)

(Deg. F) SY S, E a Sm

200 115.6 145.0 28.5 5.9 ---

300 110.7 145.0 27.9 5.9 ---

400 106.9 145.0 27.3 5.91 ---

SA705-630/SA564-630 (Age Hardened at 1150 degrees F)

200 97.1 135.0 28.5 5.9

300 93.0 135.0 27.9 5.9 ---

Definitions:

Sm = Design stress intensity (ksi)
Sy = Yield Stress (ksi)
ax = Mean Coefficient of thermal expansion (in./in. per degree F x 10-6)

S, = Ultimate Stress (ksi)
E = Young's Modulus (psi x 106)

Notes:
1.
2.
3.
4.

Source for Sy values is Table Y-I of [3.3.1].
Source for S, values is Table U of [3.3.1].
Source for ax values is Tables TE-I and TE-4 of [3.3.1], as applicable.
Source for E values is Table TM-I of [3.3.1].
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TABLE 3.3.5
CONCRETE AND LEAD MECHANICAL PROPERTIES

PROPERTY VALUE

CONCRETE:

Compressive Strength (psi) See Table l.D.1

Nominal Density (lb/fr') See Table I.D. I

Allowable Bearing Stress (psi) 1,823'

Allowable Axial Compression 1,266'
(psi)

Allowable Flexure, extreme 1 87"t
fiber tension (psi)

Allowable Flexure, extreme 2 , 14 5 t
fiber compression (psi)

Mean Coefficient of Thermal 5.5E-06
Expansion (in/in/deg. F)

Modulus of Elasticity (psi) 57,000 (compressive strength (psi))"12

LEAD: -40°F -20°F 70°F 200°F 300°F 600°F

Yield Strength (psi) 700 680 640 490 380 20

Modulus of Elasticity (ksi) 2.4E+3 2.4E+3 2.3E+3 2.0E+3 1.9E+3 1.5E+3

Coefficient of Thermal 15.6E-6 15.7E-6 16.1E-6 16.6E-6 17.2E-6 20.2E-6
Expansion (in/in/deg. F)

Poisson's Ratio 0.40

Density (lb/cubic ft.) 708

Notes:
1. Concrete allowable stress values based on ACI 318.1.
2. Lead properties are from [3.3.5].

t Values listed correspond to concrete compressive stress = 3,300 psi
tt No credit for tensile strength of concrete is taken in the calculations
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TABLE 3.3.6
SA36 AND CARBON STEEL MATERIAL PROPERTIES

Temp. SA36 AND CARBON STEEL
(Deg. F) E

-40 36.0 58.0 --- 29.95

100 36.0 58.0 5.53 29.34

150 34.4 55.4 5.71 29.1

200 32.8 52.8 5.89 28.8

250 32.35 52.1 6.09 28.6

300 31.9 51.4 6.26 28.3

350 31.35 50.5 6.43 28.0

400 30.8 49.6 6.61 27.7

450 29.95 48.3 6.77 27.5

500 29.1 46.9 6.91 27.3

550 27.85 44.9 7.06 27.0

600 26.6 42.9 7.17 26.7

650 26.1 42.1 7.30 26.1

700 25.9 41.7 7.41 25.5

Definitions:

Sy = Yield Stress (ksi)
at = Mean Coefficient of thermal expansion (in./in. per degree F x 10.6)
S, = Ultimate Stress (ksi)
E = Young's Modulus (psi x 106)

Notes:
1.
2.
3.
4.

Source for Sy values is Table Y-1 of [3.3.1].
Source for S, values is ratioing Sy values.
Source for ac values is material group C in Table TE-1 of [3.3.1].
Source for E values is "Carbon steels with C less than or equal to 0.30%" in Table TM-i of [3.3.1].
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3.4 GENERAL STANDARDS FOR CASKS

3.4.1 Chemical and Galvanic Reactions

In this section, it is shown that there is no credible mechanism for significant chemical or galvanic
reactions in the HI-STORM 100 System during long-term storage operations (including HI-STORM
IOOS and HI-STORM 1O0A).

The MPC, which is filled with helium, provides a nonaqueous and inert environment. Insofar as
corrosion is a long-term time-dependent phenomenon, the inert gas environment in the MPC
precludes the incidence of corrosion during storage on the ISFSI. Furthermore, the only dissimilar
material groups in the MPC are: (1) the neutron absorber material and stainless steel and (2)
aluminum and stainless steel. Neutron absorber materials and stainless steel have been used in close
proximity in wet storage for over 30 years. Many spent fuel pools at nuclear plants contain fuel
racks, which are fabricated from neutron absorber materials and stainless' steel materials, with
geometries similar to the MPC. Not one case of chemical or galvanic degradation has been found in
fuel racks built by Holtec. This experience provides a sound basis to conclude that corrosion will not
occur in these materials. Additionally, the aluminum conduction inserts and stainless steel basket are
very close on the galvanic series chart. Aluminum, like other metals of its genre (e.g., titanium and
magnesium) rapidly passivates in an aqueous environment, leading to a thin ceramic (A120 3) barrier,
which renders the material essentially inert and corrosion-free over long periods of application. The
physical properties of the material, e.g., thermal expansion coefficient, diffusivity, and thermal
conductivity, are essentially unaltered by the exposure of the aluminum metal stock to an aqueous
environment.

The aluminum in the optional heat conduction elkments will quickly passivate in air and in water to
form a protective oxide layer that prevents any significant hydrogen production during MPC cask
loading and unloading operations. The aluminum in Boral neutron absorber material may also react
with the water to generate hydrogen gas. The exact rate of generation and total amount of hydrogen
generated is a function of a number of variables (see Section 1.2.1.3.1.1) and cannot be predicted
with any certainty. Therefore, to preclude the potential for hydrogen ignition during lid welding or
cutting, the operating procedures in Chapter 8 require monitoring for combustible gas and either
exhausting or purging the space beneath the MPC lid with an inert gas during these activities. Once
the MPC cavity is drained, dried, and backfilled with helium, the source of the hydrogen gas (the
aluminum-water reaction) is eliminated.

The HI-STORM 100 storage overpack and the HI-TRAC transfer cask each combine low alloy and
nickel alloy steels, carbon steels, neutron and gamma shielding materials, and bolting materials. All
of these materials have a long history of nongalvanic behavior within close proximityof each other.
The internal and external steel surfaces of each of the storage overpacks are sandblasted and coated
to preclude surface oxidation. The HI-TRAC coating does not chemically react with borated water.
Therefore, chemical or galvanic reactions involving the storage. overpack materials are highly
unlikely and are not expected,
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In accordance with NRC Bulletin 96-04 [3.4.7], a review of the potential for chemical, galvanic, or
other reactions among the materials of the HI-STORM 100 System, its contents and the operating
environments, which may produce adverse reactions, has been performed. Table 3.4.2 provides a
listing of the materials of fabrication for the HI-STORM 100 System and evaluates the performance
of the material in the expected operating environments during short-term loading/unloading
operations and long-term storage operations. As a result of this review, no operations were identified
which could produce adverse reactions beyond those conditions already analyzed in this FSAR.

3.4.2 Positive Closure

There are no quick-connect/disconnect ports in the confinement boundary of the HI-STORM 100
System. The only access to the MPC is through the storage overpack lid, which weighs over 23,000
pounds (see Table 3.2.1). The lid is fastened to the storage overpack with large bolts. Inadvertent
opening of the storage overpack is not feasible; opening a storage overpack requires mobilization of
special tools and heavy-load lifting equipment.

3.4.3 Lifting Devices

As required by Reg. Guide 3.61, in this subsection, analyses for all lifting operations applicable to
the deployment of a member of the HI-STORM 100 family are presented to demonstrate compliance
with applicable codes and standards.

The HI-STORM 100 System has the following components and devices participating in lifting
operations: lifting trunnions located at the top of the HI-TRAC transfer cask, lid lifting connections
for the HI-STORM 100 lid and for other lids in the HI-TRAC transfer cask, connections for lifting
and carrying a loaded HI-STORM 100 vertically, and lifting connections for the loaded MPC.

Analyses of HI-STORM 100 storage overpack and HI-TRAC transfer cask lifting devices are
reported in this submittal. Analyses of MPC lifting operations are presented in the HI-STAR 100
FSAR (Docket Number 72-1008, Subsection 3.4.3) and are also applicable here.

The evaluation of the adequacy of the lifting devices entails careful consideration of the applied
loading and associated stress limits. The load combination D+H, where H is the "handling load", is
the generic case for all lifting adequacy assessments. The term D denotes the dead load. Quite
obviously, D must be taken as the bounding value of the dead load of the component being lifted. In
all lifting analyses considered in this document, the handling load H is assumed to be 0.1 5D. In other
words, the inertia amplifier during the lifting operation is assumed to be equal to 0.15g. This value is
consistent with the guidelines of the Crane Manufacturer's Association of America (CMAA),
Specification No. 70, 1988, Section 3.3, which stipulates a dynamic factor equal to 0.15 for slowly
executed lifts. Thus, the "apparent dead load" of the component for stress analysis purposes is D* =
1.1 5D. Unless otherwise stated, all lifting analyses in this report use the "apparent dead load", D*, as
the lifted load.
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Analysis methodology to evaluate the adequacy of the lifting device may be analytical or numerical.
For the analysis of the trunnion, an accepted conservative technique for computing the bending
stress is to assume that the lifting force is applied at the tip of the trunnion "cantilever" and that the
stress state is fully developed at the base of the cantilever. This conservative technique,
recommended in NUREG-1536, is applied to all trunnion analyses presented in this SAR and has
also been applied to the trunnions analyzed in the HI-STAR 100 FSAR.

In general, the stress analysis to establish safety pursuant to NUREG-0612, Regulatory Guide 3.6 1,
and the ASME Code, requires evaluation of three discrete zones which may be referred to as (i) the
trunnion, (ii) the trunnion/component interface, hereinafter referred to as Region A, and (iii) the rest
of the component, specifically the stressed metal zone adjacent to Region A, herein referred to as
Region B. During this discussion, the term "trunnion" applies to any device used for lifting (i.e.,
trunnions, lift bolts, etc.)

Stress limits germane to each of the above three areas are discussed below:

Trunnion: NUREG-0612 requires that under the "apparent dead load", D*, the
maximum primary stress in the trunnion be less than 10% of the trunnion material
ultimate strength and less than 1/6th of the trunnion material yield strength. Because
of the materials of construction selected for trunnions in all HI-STORM 100 System
components, the ultimate strength-based limit is more restrictive in every case.
Therefore, all trunnion safety factors reported in this document pertain to the ultimate
strength-based limit.

ii. Region A: Trunnion/Component Interface: Stresses in Region A must meet ASME
Code Level A limits under applied load D*. Additionally, Regulatory Guide 3.61
requires that the primary stress under 3D*, associated with the cross-section, be less
than the yield strength of the applicable material. In cases involving section bending,
the developed section moment may be compared against the plastic moment at yield.
The circumferential extent of the characteristic cross-section at the
trunnion/component interface is calculated based on definitions from ASME Section
III, Subsection NB and is defined in terms of the shell thickness and radius of
curvature at the connection to the trunnion block. By virtue of the construction
geometry, only the mean shell stress is categorized as "primary" for this evaluation.

iii. Region B: Typically, the stresses in the component in the vicinity of the
trunnion/component interface are higher than elsewhere. However, exceptional
situations exist. For example, when lifting a loaded MPC, the MPC baseplate,
which supports the entire weight of the fuel and the fuel basket, is a candidate
location for high stress even though it is far removed from the lifting location (which
is located in the top lid).

Even though the baseplate in the MPC would normally belong to the Region B
category, for conservatism it was considered as Region A in the HI-STAR 100 SAR.
The pool lid and the transfer lid of the HI-TRAC transfer cask also fall into this dual
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category. In general, however, all locations of high stress in the component under D*
must also be checked for compliance with ASME Code Level A stress limits.

Unless explicitly stated otherwise, all analyses of lifting operations presented in this report follow
the load definition and allowable stress provisions of the foregoing. Consistent with the practice
adopted throughout this chapter, results are presented in dimensionless form, as safety factors,
defined as

Allowable Stress in the Region Considered
Computed Maximum Stress in the Region

The safety factor, defined in the manner of the above, is the added margin over what is mandated by
the applicable code (NUREG-0612 or Regulatory Guide 3.61).

In the following subsections, we briefly describe each of the lifting analyses performed to
demonstrate compliance with regulations. Summary results are presented for each of the analyses.

It is recognized that stresses in Region A are subject to two distinct criteria, namely Level A stress
limits under D* and yield strength at 3D*. We will identify the applicable criteria in the summary
tables, under the column heading "Item", using the "3D*" identifier.

All of the lifting analyses reported on in this Subsection are designated as Load Case 01 in Table
3.1.5.

3.4.3.1 125 Ton HI-TRAC Lifting Analysis - Trunnions

The lifting device in the HI-TRAC 125 cask is presented in Holtec Drawing 1880 (Section 1.5
herein). The two lifting trunnions for HI-TRAC are spaced at 180 degrees.. The trunnions are
designed for a two-point lift in accordance with the aforementioned NUREG-0612 criteria. Figure
3.4.21 shows the overall lifting configuration. The lifting analysis demonstrates that the stresses in
the trunnions, computed using the conservative methodology described previously, comply with
NUREG-0612 provisions.

Specifically, the following results are obtained:

HI-TRAC 125 Lifting Trunnions t

Value (ksi) Safety Factor

Bending stress 16.09 1.13

Shear stress 7.26 1.50
The lifted load is 245,800 lb.(a value that bounds the actual lifted weight

from the pool after the lift yoke weight is eliminated per Table 3.2.4).
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Note that the safety factor presented in the previous table represents the additional margin beyond
the mandated limit of 6 on yield strength and 10 on tensile strength. The results above are also valid
for the HI-TRAC 125D since the dimensions used as input, as well as the bounding load, are
applicable to both the HI-TRAC 125 and'125D transfer casks.

3.4.3.2 125 Ton HI-TRAC Lifting - Trunnion Lifting Block Welds, Bearing, and Thread
Shear Stress (Region A)

As part of the Region A evaluation, the weld group connecting the lifting trunnion block to the inner
and outer shells, and to the HI-TRAC top flange, is analyzed. Conservative analyses are also
performed to determine safety factors for bearing stress and for thread shear stress at the interface
between the trunnion and the trunnion block. The following results are obtained for the HI-TRAC
125 and 125D transfer casks:

125 Ton HI-TRAC Lifting Trunnion Block (Region A Evaluation)

Item Value (ksi) Allowable (ksi) Safety Factor

Trunnion Block 5.95 11.4 1.91
Bearing Stress

Trunnion Block 5.05 6.84 1.35
Thread Shear Stress

Weld Shear Stress 4.35' 11.4 2.62

(3D*) I

No quality factor has been applied to the weld group. (Subsection NF or NUREG-0612 do
not apply penalty factors to the structural welds).

3.4.3.3 125 Ton HI-TRAC Lifting - Structure near Trunnion (Region B/Region A)

A three-dimensional elastic model of the HI-TRAC 125 metal components is analyzed using the
ANSYS finite element code. The structural model includes, in addition to the trunnion and the
trunnion block, a portion of the inner and outer HI-TRAC shells and the HI-TRAC top flange. Stress
results over the characteristic interface section are summarized and compared with allowable
strength limits per ASME Section III, Subsection NF, and per Regulatory Guide 3.61. The results
show that the primary stresses in the HI-TRAC 125 structure comply with the level A stress limits
for Subsection NF structures.

The results from the analysis are summarized below:
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HI-TRAC 125 Trunnion Region (Regions A and B)

Item Value (ksi) Allowable (ksi) Safety Factor

Membrane Stress 6.50 17.5 2.69

Membrane plus 8.71 26.25 3.01

Bending Stress

Membrane Stress 19.5 34.6 1.77
(3D1)

The results above are also valid for the HI-TRAC 125D since the dimensions and the configuration
of the inner shell, outer shell, top flange, and the trunnion block are the same in both the HI-TRAC
125 and 125D transfer casks, and the dimension used in the finite element model for the trunnion
length conservatively bounds both transfer casks.

3.4.3.4 100 Ton HI-TRAC Lifting Analysis

The lifting trunnions and the trunnion blocks for the 100 Ton HI-TRAC are identical to the trunnions
analyzed for the 125 Ton HI-TRAC. However, the outer shell geometry (outer diameter) is different.
A calculation performed in the spirit of strength-of-materials provides justification that, despite the
difference in local structure at the attachment points, the stresses in the body of the HI-TRAC 100
Ton unit meet the allowables set forth in Subsection 3.1.2.2.

Figure 3.4.10 illustrates the differences in geometry, loads, and trunnion moment arms between the
body of the 125-Ton HI-TRAC and the body of the 100-Ton HI-TRAC. It is reasonable to assume
that the level of stress in the 100 Ton HI-TRAC body, in the immediate vicinity of the interface
(Section X-X in Figure 3.4.10), is proportional to the applied force and the bending moment applied.
In the figure, the subscripts 1 and 0 refer to 100 Ton and 125 Ton casks, respectively. Figure 3.4.10
shows the location of the area centroid (with respect to the outer surface) and the loads and moment
arms associated with each construction. Conservatively, neglecting all other interfaces between the
top of the trunnion block and the top flange and between the sides of the trunnion block and the
shells, equilibrium is maintained by developing a force and a moment in the section comprised of the
two shell segments interfacing with the base of the trunnion block.

The most limiting stress state is in the outer shell at the trunnion block base interface. The stress
level in the outer shell at Section X-X is proportional to P/A + Mc/I. Evaluating the stress for a unit
width of section permits an estimate of the stress state in the HI-TRAC 100 outer shell if the
corresponding stress state in the HI-TRAC 125 is known (the only changes are the applied load, the
moment arm and the geometry). Using the geometry shown in Figure 3.4.10 gives the result as:

Stress (HI-TRAC 100 outer shell) = 1.242 x Stress (HI-TRAC 125 outer shell)
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The tabular results in the previous subsection can be adjusted accordingly and are reported below:

100 Ton HI-TRAC Near Trunnion (Region A and Region B)

Item Safety Factor

Membrane Stress 2.17

Membrane plus Bending Stress 2.42

Membrane Stress (3D*) 1.43

3.4.3.5 HI-STORM 100 Lifting Analyses

There are two vertical lifting scenarios for the HI-STORM 100 storage overpack carrying a fully
loaded MPC. Figure 3.4.17 shows a schematic of these lifting scenarios. Both lifting scenarios are
examined using finite element models that focus on the local regions near the lift points. The
analysis is based on the geometry of the HI-STORM 100; the alterations to the lid and to the length
of the overpack barrel to configure the HI-STORM IOOS have no effect on the conclusions reached
in thearea of the baseplate. Therefore, there is no separate analysis for the baseplate, inboard of the
inner shell, for the HI-STORM 100S as the results are identical to or bounded by the results
presented here. Since the upper portion of the HI-STORM IOOS, the HI-STORM 100S lid, and the
radial ribs and anchor block have a different configuration than the HI-STORM 100, separate
calculations have been performed for these areas of the HI-STORM 100S. Similarly, where
differences in construction between the HI-STORM 100 and the HI-STORM 100S Version B exist,
separate calculations have been performed and the results summarized here.

Scenario #1 considers a "bottom lift" where the fully loaded HI-STORM 100 storage overpack is
lifted vertically by four synchronized hydraulic jacks each positioned at one of the four inlet air
vents. This lift allows for installation and removal of "air pads" which may be used for horizontal
positioning of HI-STORM 100 at the ISFSI pad.

Scenario #2, labeled the "top lift scenario" considers the lifting of a fully loaded HI-STORM 100
vertically through the four lifting lugs located at the top end.

No structural credit is assumed for the HI-STORM concrete in either of the two lifting scenarios
except as a vehicle to transfer compressive loads.

For the bo.ttom lift, a three-dimensional one-quarter symmetry finite element model of the bottom
region of the HI-STORM 100 storage overpack is constructed. The model includes the inner shell,
the outer shell, the baseplate, the inlet vent side and top plates, and the radial plates connecting the
inner and outer shells.
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In the finite element analysis, the concrete is modeled as an equivalent pressure load applied
over the baseplate as well as the four horizontal inlet vent plates. In reality, the concrete is
supported only at the four inletvents, directly above the hydraulic jacks. In other words, the
concrete has sufficient strength to carry its own weight between these four support locations.
The average shear stress in the concrete on a vertical cross section at the edge of an inlet vent
is calculated as:

.pV
"concrete •---2A

where:

p equals the weight density of concrete;

V equals the volume of unsupported concrete between two adjacent inlet vents;

A cross-sectional area of concrete at location of maximum shear stress;

For p-= 160.8 lb/ft3, V= 231 ft3, and A = 5,665 in2 (= 27.5 in x 206 in), the average shear stress is
only 3.28 psi, which is negligible compared to the allowable shear stress of 126.5 psi for 4,000 psi
compressive strength concrete. If the density of concrete is increased to 200 lb/ft3, the shear stress
increases by roughly 0.8 psi. Clearly, the concrete can support this load. Moreover, the positive
effect that the concrete strength has on the results outweighs any adverse impact due to high density
concrete. Therefore, the safety factors reported in Appendix 3.D (where the concrete is treated like
water) for the bottom lift remain conservative for concrete densities up to 200 lb/ft3.

For the analysis of the "top lift" scenario, a three-dimensional 1/8-symmetry finite element model of
the top segment of HI-STORM 100 storage overpack is constructed. The metal HI-STORM 100
material is modeled (shells, radial plates, lifting block, ribs, vent plates, etc.) using shell or solid
elements. Lumped weights are used to ensure that portions of the structure not modeled are, in fact,
properly represented as part of a lifted load. The model is supported vertically at the lifting lug. The
results are reported in tabular form at the end of this subsection.

The finite element results for the HI-STORM 100 in Appendix 3.D, as well as the results of similar
analyses for the HI-STORM lOOS, are based on inner and outer shell thicknesses of 1-1/4" and 3/4",
respectively. Per Bill of Material 1575 and Drawing 3669, the thickness of both shells may be
changed to 1" as an option for the HI-STORM 100 and lOS overpacks. With respect to the lifting
analyses, the 1" thick inner and outer shells would have a negligible effect on the maximum
calculated stress in the inlet vent horizontal plate, the HI-STORM baseplate, and the radial ribs.
Therefore, the safety factors reported below for the HI-STORM 100 and lOOS are valid for either
thickness option.
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To provide an alternate calculation to demonstrate that the bolt anchor blocks are adequate, we
compute the average normal stress in the net metal area of the block under three times the lifted load.
Further conservatism is introduced by including an additional 15% for dynamic amplification, i.e.,
the total load is equal to 3D*.

The average normal load in one bolt anchor block is

Load = 3 x 1.15 x 360,000 lb./4 = 310,500 lb. (Weight comes from Table 3.2.1)

The net area of the bolt anchor block is

Area = (3.14159)/4 x (5" x 5" - 3.25" x 3.25") = 11.34 sq. inch (Dimensions from BM-1575)

Therefore, the safety factor (yield strength at 350 degrees F/calculated stress from Table 3.3.3) is

SF = 31,400 psi/ (Load/Area) = 1.14

The shear stress in the threads of the lifting block is also examined. This analysis considers a
cylindrical area of material under an axial load resisting the load by shearing action. The diameter of
the area is the basic pitch diameter of the threads, and the length of the cylinder is the thread
engagement length.

The analysis also examines the capacity of major welds in the load path and the compression
capacity of the pedestal shield and pedestal shield shell.

The table below summarizes key results obtained from the analyses described above for the HI-
STORM 100.
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HI-STORM 100 Top and Bottom Lifting Analysestl

Item Value (ksi) Allowable (ksi) Safety Factor

Primary Membrane plus Bending - 8.0 26.3 3.28
Bottom Lift - Inlet Vent Plates -
Region B

Primary Membrane - Top Lift - Radial 6.67 17.5 2.63
Rib Under Lifting Block - Region B

Primary Membrane plus Bending - 7.0 26.3 3.75
Top Lift - Baseplate - Region B

Primary Membrane 19.97 33.15 1.66
Region A (3D*)

Primary Membrane plus Bending 24.02 33.15 1.38

Region A (3D*)

Lifting Block Threads - Top Lift - 10.67 18.84 1.76
Region A (3D*)

Lifting Stud - Top Lift-Region A 43.733 108.8 2.49
(3D*)

Welds - Anchor Block-to-Radial Rib 5.74 19.695 3.43
Region B

Welds - Anchor Block-to-Radial Rib 17.21 19.62 1.14

Region A (3D*)

Welds - Radial Rib-to-Inner and 5.83 21.00 3.60
Outer Shells Region B

Welds - Radial Rib-to-Inner and 17.49 19.89 1.13
Outer Shells Region A (3D*)

Weld - Baseplate-to Inner Shell 1.59 19.89 12.48
Region A (3D*)

Weld - Baseplate-to-Inlet Vent 14.89 19.89 1.33
Region A (3D*)

Pedestal Shield Concrete (3D*) 0.096 1.266 13.19

Pedestal Shell (3D*) 3.269 33.15 10.14

1* Regions A and B are defined at beginning of Subsection 3.4.3
The lifted load is 360000 lb. and an inertia amplification of 15% is included.

It is concluded that all structural integrity requirements are met during a lift of the HI-STORM 100
storage overpack under either the top'lift or the bottom lift scenario. All factors of safety are greater
than 1.0 using criteria from the ASME Code Section III, Subsection NF for Class 3 plate and shell
supports and from USNRC Regulatory Guide 3.61.
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Similar calculations have been performed for the HI-STORM I10S where differences in
configuration warrant. The results are summarized in the table below:

HI-STORM 100S Top and Bottom Lifting Analysestt

Item Value (ksi) Allowable (ksi) Safety Factor

Primary Membrane plus Bending - 9.824 33.15 3.374
Bottom Lift - Inlet Vent Plates -
Region A (3D*)

Lifting Block Threads - Top Lift - 5.608 18.840 3.36
Region A (3D*)
Lifting Stud - Top Lift -Region A 49.806 83.7 1.68
(3D*)

Welds - Anchor Block-to-Radial 5.556 21.0 3.78
Rib Region B

Welds - Anchor Block-to-Radial 16.670 18.84 1.13
Rib Region A (3D*)

Welds - Radial Rib-to-Inner and 5.631 21.00 3.73
Outer Shells Region B

Welds - Radial Rib-to-Inner and 16.895* 19.89 1.18*
Outer Shells Region A (3D*)

Weld - Baseplate-to Inner Shell 1,592 19.89 12.49
Region A (3D*)

Weld - Baseplate-to-Inlet Vent 8.982 19.89 2.214
Region A (3D*)

Radial Rib Membrane Stress- 10.58 33.15 3.132
Bottom Lift Region A (3D*)

Pedestal Shield Concrete (3D*) 0.095 1.535 16.17

Pedestal Shell (3D*) 3.235 33.15 10.24

t Regions A and B are defined at beginning of Subsection 3.4.3
The lifted load is 410,000 lb and an inertia amplification of 15% is included. The increased
weight (over the longer HI-STORM 100) comes from conservatively assuming an increase in
concrete weight density in the HI-STORM I OOS overpack and lid to provide additional safety
margin.
Result is specific to HIl-STORM IOOS overpacks fabricated with fidi height radial plates. For
HI-STOR il I O0S o verpacks fabricated with shorter top and bottom radial plates (i.e., two-piece
coqnAftration), the results tabulated helowfibr the HI-STORM 100S Version B overpack,/or the
radial rib to imnnr and outer shell 'welds, are bouunduig.
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Similar calculations have been performed for the HI-STORM IOOS, Version B where differences in
configuration warrant. The results are summarized in the table below for the heaviest HI-STORM
IOS Version B (using high density concrete and with SA 564-630 stud material):

HI-STORM 100S Version B Top and Bottom Lifting Analyses

Item Value (ksi) Allowable (ksi) Safety Factor

Primary Membrane - Bottom Lift - Inlet Vent 27.06 33.15 1.22
Plates - Region A (3D*)
Primary Membrane + Bending - Bottom Lift - 20.455 33.15 1.62
Inlet Vent Plates - Region A (3D*)

Lifting Block Threads - Top Lift -Region A 6.548 19.620 3.00
(3D*)

Lifting Stud - Top Lift-Region A (3D*) 49.199 108.8 2.21

Welds - Anchor Block-to-Radial Rib Region B 5.507 19.695 3.58

Welds - Anchor Block-to-Radial Rib Region A 16.523 19.620 1.19
(3D*)

Welds - Radial Rib-to-inner and Outer Shells 6.120 21.00 3.43
Region B

Welds - Radial Rib-to-Inner and Outer Shells 18.36 19.89 1.08
Region A (3D*)

Weld - Baseplate-to Inner Shell Region A (3D*) 2.724 19.89 7.302

Radial Rib to Inner and Outer Shell - Bottom 17.761 19.89 1.12
Lift Region A (3D*)

For the longest HI-STORM 100, Version B, with high-density concrete, the lifted load is 406,400 lb.

It is concluded that all structural integrity requirements are met during a lift of the HI-STORM 100,
HI-STORM IOOS, and HI-STORM lOOS, Version B storage overpacks under either the top lift or
the bottom lift scenario. All factors of safety are greater than 1.0 using criteria from the ASME Code
Section III, Subsection NF for Class 3 plate and shell supports and from USNRC Regulatory Guide
3.61.

3.4.3.6 MPC Lifting Analysis

The MPC lifting analyses are found in the HI-STAR 100 FSAR (Docket-72-1008). Some results of
the analyses in that document (Appendices 3.K, 3.E, 3.1 and 3.Y Docket-72-1008) are summarized
here for completeness.

Summary of MPC Lifting Analyses

Item Thread Engagement Region A Safety Region B Safety
Safety Factor (NUREG- Factort Factor t

0612)

MPC 1.08 1.09 1.56

The factor reported here is for the MPC baseplate.
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When dual lids are used on the MPC, the outer lid transfers the entire lifted load to the peripheral
weld. The maximum bending stress in the outer lid from the lifted load can be conservatively
computed by strength of materials theory using the solution for a simply supported circular plate
under a central concentrated load equal to 115% of the bounding MPC load. The calculation and
result are presented below using tabular results from Timoshenko, Strength of Materials, Vol. II, 3rd

Edition.

P = 90,000 lb. x 1.15
Outer Diameter a = 67.3.75"
Effective Central Diameter where load is applied b= 13.675" (conservative assumption)
a/b = 5
Lid thickness = 4.75" (Dual lids)
From the reference, k=1.745 and the maximum bending stress under the amplified lifted load is

a = kP/h2 = 8005 psi

Table 3.4.7 provides results for the stress in the lid under normal condition internal pressure. For the

case with dual lids, the stress must be doubled. From the table, the pressure stress is

S = 2 x 1,633 psi

Therefore, the combined bending stress at the center of the dual lid is 11,271. Using the allowable
strength from Table 3.4.7, the safety factor is

SF = 25,450 psi/1 1,271 psi = 2.258

3.4.3.7 Miscellaneous Lid Lifting Analyses

The HI-STORM 100 lid lifting analysis is performed to ensure that the threaded connections
provided in the lid are adequately sized. The lifting analysis of the top lid is based on a vertical
orientation of loading from an attached lifting device. The top lid of the HI-STORM 100 storage
overpack is lifted using four lugs that are threaded into holes in the top plate of the lid (Holtec
Drawing 1495, Section 1.5). It is noted that failure of the lid attachment would not result in any
event of safety consequence because a free-falling HI-STORM 100 lid cannot strike a stored MPC
(due to its size and orientation). Operational limits on the carry height of the HI-STORM 100 lid
above the top of the storage overpack containing a loaded MPC preclude any significant lid rotation
out of the horizontal plane in the event of a handling accident. Therefore, contact between the top of
the MPC and the edge of a dropped lid due to uncontrolled lowering of the lid .during the lid
placement operation is judged to be a non-credible scenario. Except for location of the lift points, the
lifting device for the HI-STORM IOOS and for the HI-STORM IOS, Version B lid is the same as
for the regular HI-STORM 100 lid. Since the lid weight for the HI-STORM IOOS, Version B bounds
the HI-STORM 100 and the HI-STORM IOOS, the calculated safety factors for the lifting of the HI-
STORM IOOS lid are reduced and are also reported in the summary table below'.
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In addition to the HI-STORM 100 top lid lifting analysis, the strength qualification of the lid lifting
holes, and associated lid lifting devices, for the HI-TRAC pool lid and top lid has been performed.
The qualification is based on the Regulatory Guide 3.61 requirement that a load factor of 3 results in
stresses less than the yield stress. The results for the HI-TRAC 125 bound the results for the HI-
TRAC 125D, the HI-TRAC 100, and the HI-TRAC 100D, since the lid weights used in the
calculation are greater than or equal to all other HI-TRAC lid weights. Example commercially
available lifting structures are considered and it is shown that thread engagement lengths are
acceptable. Loads to lifting devices are permitted to be at a maximum angle of 45 degrees from
vertical. A summary of results, pertaining to the various lid lifting operations, is given in the table
below:

Summary of HI-STORM 100 Lid Lifting Analyses

Item Dead Load (lb) Minimum Safety Factor

HI-STORM 100 (100S) Top 23,000 (2 9 ,0 0 0t) 2.802 (2.22)
Lid Lifting

HI-TRAC Pool Lid Lifting 12,500 4.73

HI-TRAC Top Lid Lifting 2,750 11.38
T Bounding weight of HI-STORM 100S, Version B top lid with 200 pcf concrete.

The analysis demonstrates that thread engagement is sufficient for the threaded holes used solely for
lid lifting and that commercially available lifting devices engaging the threaded holes, are available.
We note that all reported safety factors are based on an allowable strength equal to 33.3% of the
yield strength of the lid material when evaluating shear capacity of the internal threads and based on
the working loads of the commercially available lifting devices associated with the respective
threaded holes.

3.4.3.8 HI-TRAC Pool Lid Analysis - Lifting MPC From the Spent Fuel Pool (Load Case 01
in Table 3.1.5)

During lifting of the MPC from the spent fuel pool, the HI-TRAC pool lid supports the weight of a
loaded MPC plus water (see Figure 3.4.21). Calculations are performed to show structural integrity
under this condition for both the HI-TRAC 100 and the HI-TRAC 125 transfer casks. In accordance
with the general guidelines set down at the beginning of Subsection 3.4.3, the pool lid is considered
as both Region A and Region B for evaluating safety factors. The analysis shows that the stress in
the pool lid top plate is less than the Level A allowable stress under pressure equivalent to the
heaviest MPC, contained water, and lid self weight (Region B evaluation). Stresses in the lids and
bolts are also shown to be below yield under three times the applied lifted load (Region A evaluation
using Regulatory Guide 3.61 criteria). The threaded holes in the HI-TRAC pool lid are also
examined for acceptable engagement length under the condition of lifting the MPC from the pool. It
is demonstrated that the pool lid peripheral bolts have adequate engagement length into the pool lid
to permit the transfer of the required load. The safety factor is defined based on the strength limits
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imposed by Regulatory Guide 3.61.

The following table summarizes the results of the analyses for the HI-TRAC pool lid for each of the
four transfer cask types. Results given in the following table compare calculated stress (or load) and
allowable stress (or load). In all cases, the safety factor is defined as the allowable value divided by
the calculated value.

HI-TRAC Pool Lid Lifting a Loaded MPC Evaluationt

Item Value (ksi) Allowable (ksi) Safety Factor

Lid Bending Stress - HI-TRAC 125/125D - Region 10.1 26.3 2.604
B Analysis - Pool Lid Top Plate

Lid Bending Stress - Hl-TRAC 125/125D - Region 5.05 26.3 5.208
B Analysis - Pool Lid Bottom Plate

Lid Bending Stress - HI-TRAC 100/I OOD - Region 10.06 26.3 2.614
B Analysis- Pool Lid Top Plate

Lid Bending Stress - HI-TRAC 100/100D - Region 6.425 26.3 4.093

B Analysis- Pool Lid Bottom Plate

Lid Bolt Stress - HI-TRAC 125.- (3D*) 18.92 95.0 5.02

Lid Bolt Stress - HI-TRAC 100 - (3D*) 18.21 95.0 5.216

Lid Bolt Force - HI-TRAC 125D - (3D*) 25.77t 84.051 3.262

Lid Bolt Force - HI-TRAC 100D- (3D*) 24.80t 84.05t 3.389

Lid Bending Stress - HI-TRAC 125/125D - Region 30.3 . 33.15 1.094
A Analysis - Pool Lid Top Plate (3D*)

Lid Bending Stress - HI-TRAC 125/125D - Region .15.15 33.15 2.188
A Analysis - Pool Lid Bottom Plate (3D*)

Lid Bending Stress -HI-TRAC 100/I 00D - Region 30.19 33.15 1.098
A Analysis- Pool Lid Top Plate (3D*)

Lid Bending Stress -HI-TRAC 100/10OD - Region 19.28 33.15 1.72
A Analysis- Pool Lid Bottom Plate (3D*)

Lid Thread Engagement Length (HI-TRAC 125) 137.5t 324.6T 2.362

t Region A and B defined at beginning of Subsection 3.4.3.
Calculated and allowable value for this item in (kips).
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3.4.3.9 HI-TRAC Transfer Lid Analysis - Lifting MPC Away from Spent Fuel Pool (Load Case
01 in Table 3.1.5)

During transfer to or from a storage overpack using a HI-TRAC 125 or a HI-TRAC 100, the HI-
TRAC transfer lid supports the weight of a loaded MPC. Figure 3.4.21 illustrates the lift operation.
In accordance with the general lifting analysis guidelines, the transfer lid should be considered as
both a Region A (Regulatory Guide 3.61 criteria) and a Region B location (ASME Section III,
Subsection NF for Class 3 plate and shell structures) for evaluation of safety factors. The HI-TRAC
125 transfer lid and the HI-TRAC 100 transfer lid are analyzed separately because of differences in
geometry. The HI-TRAC 125D and HI-TRAC I GOD employ specially designed mating devices in
combination with the pool lid to transfer a loaded MPC to or from a storage overpack. Thus, a
transfer lid analysis is not performed for the HI-TRAC 125D or the HI-TRAC I GOD. Resultsfor the
HI-TRAC 125D and HI-TRAC 10OD pool lids are presented in the previous subsection.

It is shown that the transfer lid doors can support a loaded MPC together with the door weight
without exceeding ASME NF stress limits and the more conservative limits of Regulatory Guide
3.61. It is also shown that the connecting structure transfers the load to the cask body without
overstress. The following tables summarize the results for both HI-TRAC casks:

HI-TRAC 125 Transfer Lid - Lifting Evaluationt

Item Value (ksi) Allowable (ksi) Safety Factor

HI-TRAC 125 - Door 9.381 32.7 3.486
Plate - (3D*)

HI-TRAC 125 - Door 3.127 26.25 p8.394
Plate - Region B

HI-TRAC 125 - Wheel 26.91 36.0 1.338
Track (3D*)

HI-TRAC 125 - Door 7.701 26.25 3.409
Housing Bottom Plate-
Region B

HI-TRAC 125 - Door 23.103 32.7 1.415.
Housing Bottom Plate-
(3D*)

HI-TRAC 125 - Door 4.131 32.7 7.913
Housing Stiffeners- (3D*)

HI-TRAC 125 - Housing 29.96 57.5 1.919
Bolts-Region B

HI-TRAC 125 - Housing 89.88 95.0 1.057
Bolts (3D*)

HI-TRAC 125 - Lid Top 30.907 32.7 1.058
Plate (3D*)

Region A and B defined at beginning of Subsection 3.4.3
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HI-TRAC 100 Transfer Lid - Lifting Evaluationt

Item Value (ksi) Allowable (ksi) Safety Factor

HI-TRAC 100 - Door Plate- (3D*) 22.188 32.7 1.474

HI-TRAC 100 - Door Plate - Region 7.396 26.25 3.549
B

HI-TRAC 100- Wheel Track (3D*) 13.011 36.0 2.767

HI-TRAC 100- Door Housing Bottom 7.447 26.25 3.525
Plate- Region B

HI-TRAC 100 -Door Housing Bottom 22.336 32.7 1.464
Plate- (3D*)

HI-TRAC 100- 4.917 32.7 6.65
Door Housing Stiffeners- (3D*)

HI-TRAC 100 - Welds Connecting 11.802 32.7 2.771
Door Housing Stiffeners (3D*)

HI-TRAC 100- Housing Bolts-Region 22.478 57.5 2.558
B

HI-TRAC 100 - Housing Bolts (3D*) 67.423 95.0 1.409

HI-TRAC 100 - Lid Top Plate (3D*) 19.395 32.7 1.686

Region A and B defined at beginning of Subsection 3.4.3

3.4.3.10 HI-TRAC Bottom Flange Evaluation during Lift (Load Case 01 in Table 3.1.5)

During a lifting operation, the HI-TRAC transfer cask body supports the load of a loaded MPC, and
the transfer lid (away from the spent fuel pool) or the pool lid plus contained water (lifting from the
spent fuel pool). In either case, the load is transferred to the bottom flange of HI-TRAC through the
bolts and a state of stress in the flange and the supporting inner and outer shells is developed. Figure
3.4.21 illustrates the lifting operation. This area of the HI-TRAC 125 is analyzed to demonstrate that
the required limits on stress are maintained for both ASME and Regulatory Guide 3.61. The bottom
flange is considered as an annular plate subject to a total bolt load acting at the bolt circle and
supported by reaction loads developed in the inner and outer shells of HI-TRAC. The solution for
maximum flange bending stress is found in the classical literature and stresses and corresponding
safety factors developed for the bottom flange and for the outer and inner shell weld shear stress.
Since the welds are partial penetration, weld stress evaluation bounds an evaluation of direct stress.
The table below summarizes the results of the evaluation.

Safety Factors in HI-TRAC Bottom Flange During a Lift Operation
Item Value(ksi) Allowable(ksi) Safety Factor

Bottom Flange - 7.798 26.25 3.37
Region B
Bottom Flange (3D*) 23.39 33.15 1.42
Outer Shell (3D*) 4.773 33.15 6.94
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The bottom flanges of the HI-TRAC 125D and HI-TRAC 1 OOD are different from the HI-TRAC 125
in several respects. Namely, the thickness of the bottom flange is less, and the groove weld
connecting the bottom flange to the inner shell is smaller. In addition, the bottom flange of the HI-
TRAC 125D and HI-TRAC IOOD is reinforced by eight gusset plates, whereas the HI-TRAC 125
bottom flange is not reinforced. Therefore, to account for these differences, the evaluation described
above has been repeated for the HI-TRAC 125D and the HI-TRAC 100D. The results are
summarized in the tables below. Note that the following results are conservative since the HI-TRAC
125D and HI-TRAC IOOD bottom flange evaluations neglect the reinforcing strength of the gusset
plates.

Safety Factors in HI-TRAC 125D Bottom Flange During a Lift Operation
Item Value(ksi) Allowable(ksi) Safety Factor

Bottom Flange - 9.594 26.25 2.74
Region B
Bottom Flange (3D*) 28.78 33.15 1.15
Outer Shell (3D*) 4.710 33.15 7.04

Safety Factors in HI-TRAC 100D Bottom Flange During a Lift Operation
Item Value(ksi) Allowable(ksi) Safety Factor

Bottom Flange - 8.646 26.25 3.04
Region B
Bottom Flange (3D*) 25.94 33.15 1.28
Outer Shell (3D*) 5.499 33.15 6.03

3.4.3.11 Conclusion

Synopses of lifting device, device/component interface, and component stresses, under all
contemplated lifting operations for the HI-STORM 100 System have been presented in the
foregoing. The HI-STORM storage overpack and the HI-TRAC transfer cask have been evaluated
for limiting stress states. The results show that all factors of safety are greater than 1.

3.4.4 Heat

The thermal evaluation of the HI-STORM 100 System is reported in Chapter 4.

3.4.4.1 Summary of Pressures and Temperatures

Design pressures and design temperatures for all conditions of storage are listed in Tables 2.2.1 and
2.2.3, respectively.
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3.4.4.2 Differential Thermal Expansion

Consistent with the requirements of Reg. Guide 3.61, Load Cases Fl (Table 3.1.3) and E4 (Table
3.1.4) are defined to study the effect of differential thermal expansion among the constituent
components in the HI-STORM 100 System. The temperatures necessary to perform the differential
thermal expansion analyses for the MPC in the HI-STORM 100 and HI-TRAC casks are provided in
Chapter 4. The material presented in Subsection 4.4.5 demonstrates that a physical interference
between discrete components of the HI-STORM 100 System (e.g. storage overpack and enclosure
vessel) will not develop due to differential thermal expansion during any operating condition.

3.4.4.2.1 Normal Hot Environment

Closed form calculations are performed in Subsection 4.4.5 to demonstrate that initial gaps between
the HI-STORM 100 storage overpack or the HI-TRAC transfer cask and the MPC canister, and
between the MPC canister and the fuel basket, will not close due to thermal expansion of the system
components under loading conditions, defined as F 1 and E4 in Tables 3.1.3 and 3.1.4, respectively.
To assess this in the most conservative manner, the thermal solutions computed in Chapter 4,
including the thermosiphon effect, are surveyed for the following information.

The radial temperature distribution in each of the fuel baskets at the location of peak center
metal temperature.

The highest and lowest mean temperatures of the canister shell for the hot environment
condition.

Tables 4.4.9, 4.4.10, 4.4.26, and 4.4.27 present the resulting temperatures used in the evaluation of
the MPC expansion in the HI-STORM 100 storage overpack. Table 4.5.2 presents similar results for
the MPC in the HI-TRAC transfer cask.

Using the temperature information in the above-mentioned tables, simplified thermoelastic solutions
of equivalent axisymmetric problems are used to obtain conservative estimates of gap closures. The
following procedure, which conservatively neglects axial variations in temperature distribution, is
utilized.

I. Use the surface temperature information for the fuel basket to define a parabolic
distribution in the fuel basket that bounds (from above) the actual temperature
distribution. Using this result, generate a conservatively high estimate of the radial and
axial growth of the different fuel baskets using classical closed form solutions for
thermoelastic deformation in cylindrical bodies.

2. Use the temperatures obtained for the canister to predict an estimate of the radial and
axial growth of the canister to check the canister-to-basket gaps.
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3. Use the temperatures obtained for the canister to predict an estimate of the radial and
axial growth of the canister to check the canister-to-storage overpack and canister-to-HI-
TRAC gaps.

4. For given initial clearances, compute the operating clearances.

The results are summarized in Subsection 4.4.5 for normal storage conditions. It can be verified by
referring to the Design Drawings provided in Section 1.5 of this report and Subsection 4.4.5, that the
clearances between the MPC basket and canister structure, as well as between the MPC shell and
storage overpack or HI-TRAC inside surface, are sufficient to preclude a temperature induced
interference from differential thermal expansions under normal operating conditions.

3.4.4.2.2 Fire Accident

It is shown in Chapter 11 that the fire accident has a small effect on the MPC temperatures because
of the short duration of the fire accidents and the large thermal inertia of the storage overpack.
Therefore, a structural evaluation of the MPC under the postulated fire event is not required. The
conclusions reached in Subsection 3.4.4.2.1 are also appropriate for the fire accident with the MPC
housed in the storage overpack. Analysis of fire accident temperatures of the MPC housed within the
HI-TRAC for thermal expansion is unnecessary, as the HI-TRAC, directly exposed to the fire,
expands to increase the gap between the HI-TRAC and MPC.

As expected, the external surfaces of the HI-STORM 100 storage overpack that are directly exposed
to the fire event experience maximum rise in temperature. The outer shell and top plate in the top
lid are the external surfaces that are in direct contact with heated air from fire. The table below,
extracted from data provided in Chapter 11, provides the maximum temperatures attained at the key
locations in HI-STORM 100 storage overpack under the postulated fire event.

Comp onent Maximum Fire Condition
Temperature (Deg. F)

Storage Overpack Inner Shell 300

Storage Overpack Radial Concrete Mid-Depth 184

Storage Overpack Outer Shell 570

Storage Overpack Lid <570

The following conclusions are readily reached from the above table.

* The maximum metal temperature of the carbon steel shell most directly exposed to the
combustion air is well below 6007F (Table 2.2.3 applicable short-term temperature limit). 600'F
is well below the permissible temperature limit in the ASME Code for the outer shell material.
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" The bulk temperature of concrete is well below the normal condition temperature limit of 300'F
specified in Table 2.2.3 and Appendix 1.D. ACI-349 permits 3507F as the short-term
temperature limit; the shielding concrete in the HI-STORM 100 Overpack, as noted in Appendix
1 .D, will comply with the specified compositional and manufacturing provisions of ACI-349. As
the detailed information in Section 11.2 shows, the radial extent in the concrete where the local
temperature exceeds 350'F begins at the outer shell/concrete interface and ends in less than one-
inch. Therefore, the potential loss in the shielding material's effectiveness is less than 4% of the
concrete shielding mass in the overpack annulus.

* The metal temperature of the inner shell does not exceed 300'F at any location, which is below
the accident condition temperature limit of 4007F specified in Table 2.2.3 for the inner shell.

* The presence of a stitch weld between the overpack inner shell and the overpack top plate
ensures that there will be no pressure buildup in the concrete annulus due to the concrete losing
water that then turns to steam.

The above summary confirms that the postulated fire event will not jeopardize the structural
integrity of the HI-STORM 100 Overpack or significantly diminish its shielding effectiveness.

The above conclusions, as relevant, also apply to the HI-TRAC fire considered in Chapter 11. Water
jacket over-pressurization is precluded by the safety valve set point. The non-structural effects of
loss of water have been evaluated in Chapter 5 and shown to meet regulatory limits. Therefore, it is
concluded that the postulated fire event will not cause significant loss in storage overpack or HI-
TRAC shielding function.

3.4.4.3 Stress Calculations

This subsection presents calculations of the stresses in the different components of the HI-STORM
100 System from the effects of mechanical load case assembled in Section 3.1. Loading cases for the
MPC fuel basket, the MPC enclosure vessel, the HI-STORM 100 storage overpack and the HI-
TRAC transfer cask are listed in Tables 3.1.3 through 3.1.5, respectively. The load case identifiers
defined in Tables 3.1.3 through 3.1.5 denote the cases considered.

The purpose of the analyses is to provide the necessary assurance that there will be no unacceptable
risk of criticality, unacceptable release of radioactive material, unacceptable radiation levels, or
impairment of ready retrievability of fuel from the MPC and the MPC from the HI-STORM 100
storage overpack or from the HI-TRAC transfer cask.

For all stress evaluations, the allowable stresses and stress intensities for the various HI-STORM
100 System components are based on bounding high metal temperatures to provide additional
conservatism (Table 3.1.17 for the MPC basket, for example).

In addition to the loading cases germane to stress evaluations mentioned above, three cases
pertaining to the stability of HI-STORM 100 are also considered (Table 3.1.1).
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The results of various stress calculations on components are reported. The calculations are either
performed directly as part of the text, or carried out in a separate calculation report that provides
details of strength of materials evaluations or finite element numerical analysis. The specific
calculations reported in this subsection are:

1. MPC stress calculations
2. HI-STORM 100 storage overpack stress calculations
3. HI-TRAC stress calculations

The MPC calculations reported in this document are complemented by analyses in the HI-STAR 100
Dockets. As noted earlier in this chapter, calculations for MPC components that are reported in HI-
STAR 100 FSAR and SAR (Docket Numbers 72-1008 or 71-9261) are not repeated here unless
geometry or load changes warrant reanalysis. For example, analysis of the MPC lid under normal
conditions is not included in this submittal since neither the MPC lid loading nor geometry is
affected by the MPC being placed in HI-TRAC or HI-STORM 100. MPC stress analyses reported
herein focus on the basket and canister stress distributions due to the design basis (45g) lateral
deceleration imposed by a non-mechanistic tip-over of the HI-STORM 100 storage overpack or a
horizontal drop of HI-TRAC. In the submittals for the HI-STAR 100 FSAR and SAR (Docket
Numbers 72-1008 and 71-9261, for storage and transport, respectively), the design basis deceleration
was 60g. In this submittal the design basis deceleration is 45g. However, since the geometry of the
MPC external boundary condition, viz. canister-to-storage overpack gap, has changed, a reanalysis
of the MPC stresses under the lateral deceleration loads is required. This analysis is performed and
the results are summarized in this .subsection.

The HI-STORM 100 storage overpack and the HI-TRAC transfer cask have been evaluated for
certain limiting load conditions that are germane to the storage and operational modes specified for
the system in Tables 3.1.1 and 3.1.5. The determination of component safety factors at the locations
considered in the HI-STORM 100 storage overpack and in the HI-TRAC transfer cask is based on
the allowable stresses permitted by the ASME Code Section III, Subsection NF for Class 3 plate and
shell support structures.

3.4.4.3.1 MPC Stress Calculations

The structural function of the MPC in the storage mode is stated in Section 3.1. The calculations
presented here demonstrate the ability of the MPC to perform its structural function. The purpose of
the analyses is to provide the necessary assurance that there will be no unacceptable risk of
criticality, unacceptable release of radioactive material, or impairment of ready retrievability.

3.4.4.3.1.1 Analysis of Load Cases E.3.b, E.3.c (Table 3.1.4) and F.3.b, F.3.c (Table 3.1.3)

Analyses are performed for each of the MPC designs. The following subsections describe the model,
individual loads, load combinations, and analysis procedures applicable to the MPC. Unfortunately,
unlike vertical loading cases, where the analyses performed in the HI-STAR 100 dockets remain
fully applicable for application in HI-STORM 100, the response of the MPC to a horizontal loading
event is storage overpack-geometry dependent. Under a horizontal drop event, for example, the
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MPC and the fuel basket structure will tend to flatten. The restraint to this flattening offered by the
storage overpack will clearly depend on the difference in the diameters of the storage overpack
internal cavity and that of the outer surface of the MPC. In the HI-STORM 100 storage overpack,
the diameter difference is larger than that in HI-STAR 100; therefore, the external restraint to MPC
ovalization under a horizontal drop event is less effective. For this reason, the MPC stress analysis
for lateral loading scenarios must be performed anew for the HI-STORM 100 storage overpack; the
results from the HI-STAR 100 analyses will not be conservative. The HI-TRAC transfer casks and
HI-STAR 100 overpack inner diameters are identical. Therefore, the analysis of the MPC in the HI-
STAR 100 overpack under 60g's for the side impact (Docket 72-1008) bounds the analysis of the
MPC in the HI-TRAC under 45g's.

Description of Finite Element Models of the MPCs Under Lateral Loading

A finite element model of each MPC is used to assess the effects of the accident loads. The models
are constructed using ANSYS [3.4.1], and they are identical to the models used in Holtec's HI-
STAR 100 submittals in Docket Numbers 72-1008 and 71-9261. The following model description is
common to all MPCs.

The MPC structural model is two-dimensional. It represents a one-inch long cross section of the
MPC fuel basket and MPC canister.

The MPC model includes the fuel basket, the basket support structures, and the MPC shell. A basket
support is defined as any structural member that is welded to the inside surface of the MPC shell. A
portion of the storage overpack inner surface is modeled to provide the correct restraint conditions
for the MPC. Figures 3.4.1 through 3.4.9 show typical MPC models. The fuel basket support
structure shown in the figures is a multi-plate structure consisting of solid shims or support members
having two separate compressive load supporting members. For conservatism in the finite element
model some dual path compression members (i.e., "V" angles) are simulated as single columns.
Therefore, the calculated stress intensities in the fuel basket angle supports from the finite element
solution are conservatively overestimated in some locations.

The ANSYS model is not intended to resolve the detailed stress distributions in weld areas.
Individual welds are not included in the finite element model. A separate analysis for basket welds
and for the basket support "V" angles is performed outside of ANSYS.

No credit is taken for any load support offered by the neutron absorber panels, sheathing, and the
aluminum heat conduction elements. Therefore, these so-called non-structural members are not
represented in the model. The bounding MPC weight used, however, does include the mass
contributions of these non-structural components.

The model is built using five ANSYS element types: BEAM3, PLANE82, CONTAC12,
CONTAC26,. and COMBIN14. The fuel basket and MPC shell are modeled entirely with two-
dimensional beam elements (BEAM3). Plate-type basket supports are also modeled with BEAM3
elements. Eight-node plane elements (PLANE82) are used for the solid-type basket supports. The
gaps between the fuel basket and the basket supports are represented by two-dimensional point-to-
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point contact elements (CONTAC 12). Contact between the MPC shell and the storage overpack is
modeled using two-dimensional point-to-ground contact elements (CONTAC26) with an appropriate
clearance gap.

Two orientations of the deceleration vector are considered. The 0-degree drop model includes the
storage overpack-MPC interface in the basket orientation illustrated in Figure 3.1.2. The 45-degree
drop model represents the storage overpack-MPC interface with the basket oriented in the manner of
Figure 3.1.3. The 0-degree and the 45-degree drop models are shown in Figures 3.4.1 through 3.4.6.
Table 3.4.1 lists the element types and number of elements for current MPC's.

A contact surface is provided in the model used for drop analyses to represent the interface between
the storage overpack channels and the MPC. As the MPC makes contact with the storage overpack,
the MPC shell deforms to mate with the channels that are welded at equal intervals around the
storage overpack inner surface. The nodes that define the elements representing the fuel basket and
the MPC shell are located along the centerline of the plate material. As a result, the line of nodes
that forms the perimeter of the MPC shell is inset from the real boundary by a distance that is equal
tohalf of the shell thickness. In order to maintain the specified MPC shell/storage overpack gap
dimension, the radius of the storage overpack channels is decreased by an equal amount in the
model.

The three discrete components of the HI-STORM 100 System, namely the fuel basket, the MPC
shell, and the storage overpack or HI-TRAC transfer cask, are engineered with small diametral
clearances which are large enough to permit unconstrained thermal expansion of the three
components under the rated (maximum) heat duty condition. A small diametral gap under ambient
conditions is also necessary to assemble the system without physical interference between the
contiguous surfaces of the three components. The required gap to ensure unrestricted thermal
expansion between the basket and the MPC shell is small and will further decrease under maximum
heat load conditions, but will introduce a physical nonlinearity in the structural events involving
lateral loading (such as side drop of the system) under ambient conditions. It is evident from the
system design drawings that the fuel basket that is non-radially symmetric is in proximate contact
with the MPC shell at a discrete number of locations along the circumferences. At these locations,
the MPC shell, backed by the channels attached to the storage overpack, provides a support line to
the fuel basket during lateral drop events. Because the fuel basket, the MPC shell, and the storage
overpack or HI-TRAC are all three-dimensional structural weldments, their inter-body clearances
may be somewhat uneven at different azimuthal locations. As the lateral loading is increased,
clearances close at the support locations, resulting in the activation of the support from the storage
overpack or HI-TRAC.

The bending stresses in the basket and the MPC shell at low lateral loading levels which are too
small to close the support location clearances are secondary stresses since further increase in the
loading will activate the storage overpack's or HI-TRAC's transfer cask support action, mitigating
further increase in the stress. Therefore, to compute primary stresses in the basket and the MPC shell
under lateral drop events, the gaps should be assumed to be closed. However, in the analyses, we
have conservatively assumed that an initial gap of 0.1875" exists, in the direction of the applied
deceleration, at all support locations between the fuel basket and the MPC shell and that the
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clearance gap between the shell and the storage overpack at the support locations is 3/16". In the
evaluation of safety factors for the MPC-24, MPC-32, and MPC-68, the total stress state produced
by the applied loading on these configurations is conservatively compared with primary stress levels,
even though the self-limiting stresses should be considered secondary in the strict definition of the
Code. To illustrate the conservatism, we have eliminated the secondary stress (that develops to close
the clearances) in the comparison with primary stress allowable values and report safety factors for
the MPC-24E that are based only on primary stresses necessary to maintain equilibrium with the
inertia forces.

ANSYS requires that for a static solution all bodies be constrained to prevent rigid body motion.
Therefore, in the 0 degree and 45 degree drop models, two-dimensional linear spring elements
(COMBIN 14) join the various model components, i.e., fuel basket and enclosure vessel, at the point
of initial contact. This provides the necessary constraints for the model components in the direction
of the impact. By locating the springs at the points of initial contact, where the gaps remain closed,
the behavior of the springs is identical to the behavior of a contact element. Linear springs and
contact elements that connect the same two components have equal stiffness values.

Description of Individual Loads and Boundary Conditions Applied .to the MPCs

The method of applying each individual load to the MPC model is described in this subsection. The
individual loads are listed in Table 2.2.14. A free-body diagram of the MPC corresponding to each
individual load is given in Figures 3.4.7-3.4.9. In the following discussion, reference to vertical and
horizontal orientations is made. Vertical refers to the direction along the cask axis, and horizontal
refers to a radial direction.

Quasi-static structural analysis methods are used. The effects of any dynamic load factors (DLFs)
are included in the final evaluation of safety factors. All analyses are carried out using the design
basis decelerations in Table 3.1.2.

The MPC models used for side drop evaluations are shown in Figures 3.4.1 through 3.4.6. In each
model, the fuel basket and the enclosure vessel are constrained to move only in the direction that is
parallel to the acceleration vector. The storage overpack inner shell, which is defined by three. nodes
needed to represent the contact surface, is fixed in all degrees of freedom. The fuel basket, enclosure
vessel, and storage overpack inner shell are all connected at one location by linear springs, as
described in Subsection 3.4.4.3.1.1 (see Figure 3.4.1, for example). Detailed side drop evaluations
here focus on an MPC within a HI-STORM 100 storage overpack. Sincethe analyses performed in
Docket Number 72-1008 for the side drop condition in the HI-STAR 100 storage overpack
demonstrates a safe condition under a 60g deceleration, no new analysis is required for the MPC and
contained fuel basket and fuel during a side drop in the HI-TRAC, which is limited to a 45g
deceleration (HI-TRAC and HI-STAR 100 overpacks have the same inside dimensions).

Accelerations

During a side impact event, the stored fuel is directly supported by the cell walls in the fuel basket.
Depending on the orientation of the drop, 0 or 45 degrees (see Figures 3.4.8 and 3.4.9), the fuel is
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supported by either one or two walls. In the finite element model this load is effected by applying a
uniformly distributed pressure over the full span of the supporting walls. The magnitude of the
pressure is determined by the weight of the fuel assembly (Table 2.1.6), the axial length of the fuel
basket support structure, the width of the cell wall, and the impact acceleration. It is assumed that
the load is evenly distributed along an axial length of basket equal to the fuel basket support
structure. For example, the pressure applied to an impacted cell wall during a 0-degree side drop
event is calculated as follows:

a. W
Lc

where:

p = pressure

an= ratio of the impact acceleration to the gravitational acceleration

W = weight of a stored fuel assembly

L = axial length of the fuel basket support structure

c = width of a cell wall

For the case of a 45-degree side drop the pressure on any cell wall equals p (defined above) divided
by the square root of 2.

It is evident from the above that the effect of deceleration on the fuel basket and canister metal
structure is accounted for by amplifying the gravity field in the appropriate direction.

Internal Pressure

Design internal pressure is applied to the MPC model. The inside surface of the enclosure vessel
shell is loaded with pressure. The magnitude of the internal pressure applied to the model is taken
from Table 2.2.1.

For this load condition, the center node of the fuel basket is fixed in all degrees of freedom to
numerically satisfy equilibrium.

Temperature

Temperature distributions are developed in Chapter 4 and applied as nodal temperatures to the finite
element model of the MPC enclosure vessel (confinement boundary). Maximum design heat load
has been used to develop the temperature distribution used to demonstrate compliance with ASME
Code stress intensity levels.
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Analysis Procedure

The analysis procedure for this set of load cases is as follows:

1. The stress intensity and deformation field due to the combined loads is determined
by the finite'element solution. Results are postprocessed and tabulated in the
calculation package associated with this FSAR.

2. The results for each load combination are compared to allowables. The comparison
with allowable values is made in Subsection 3.4.4.4.

3.4.4.3.1.2 Analysis of Load Cases El.a and El.c (Table 3.1.4)

Since the MPC shell is a pressure vessel, the classical Lame's calculations should be performed to
demonstrate the shell's performance as a pressure vessel. We note that dead load has an insignificant
effect on this stress state. We first perform calculations for the shell under internal pressure.
Subsequently, we examine the entire confinement boundary as a pressure vessel subject to both
internal pressure and temperature gradients. Finally, we perform confirmatory hand calculations to
gain confidence in the finite element predictions.

The stress from internal pressure is found for normal and accident pressures conditions using
classical formulas:

Define the following quantities:

P = pressure, r = MPC radius, and t = shell thickness.

Using classical thin shell theory, the circumferential stress, c = Pr/t, the axial stress C72 = Pr/2t, and
the radial stress C3 = -P are computed for both normal and accident internal pressures. The
results are given in the following table (conservatively using the outer radius for r):

Classical Shell Theory Results for Normal and Accident Internal Pressures

Item a, (psi) G2 (psi) a3 (psi) CF1 - o3 (psi)

P= 100 psi 6838 3419 -100 6938

P= 200psi 13675 6838 -200 13875
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Finite Element Analysis (Load Case El.a and El.c of Table 3.1.4)

The MPC shell, the top lid, and the baseplate together form the confinement boundary (enclosure
vessel) for storage of spent nuclear fuel. In this section, we evaluate the operating condition
consisting of dead weight, internal pressure, and thermal effects for the hot condition of storage. The
top and bottom plates of the MPC enclosure vessel (EV) are modeled using plane axisymmetric
elements, while the shell is modeled using the axisymmetric thin shell element. The thickness of the
top lid varies in the different MPC types and can be either a single thick lid, or two dual lids welded
around their common periphery; the minimum thickness top lid is modeled in the finite element
analysis. As applicable, the results for the MPC top lid are modified to account for the fact that in the
dual lid configuration, the two lids act independently under mechanical loading. The temperature
distributions for all MPC constructions are nearly identical in magnitude and gradient and reflect the
thermosiphon effect inside the MPC. Temperature differences across the thickness of both the
baseplate and the top lid exist during HI-STORM 100's operations. There is also a thermal gradient
from the center of the top lid and baseplate out to the shell wall. The metal temperature profile is
essentially parabolic from the centerline of the MPC out to the MPC shell. There is also a parabolic
temperature profile along the length of the MPC canister. Figure 3.4.11 shows a sketch of the
confinement boundary structure with identifiers A-I locating points where temperature input data is
used to represent a continuous temperature distribution for analysis purposes. The overall
dimensions of the confinement boundary are also shown in the figure.

The temperatures for confinement thermal stress analysis are determined from the thermal numerical
analyses supporting the results in Chapter 4. The MPC-68 is identified to have the maximum
through thickness thermal gradients. For conservatism, a bounding temperature profile is defined for
all MPC types and used as input for thermal stress analysis. The particular thermal inputs used are
for an MPC inside of a HI-STORM 100 or 100S; the corresponding inputs for an MPC inside of a
HI-STORM 10OVersion B are not bounding. Because of the intimate contact between the two lid
plates when the MPC lid is a two-piece unit, there is no significant thermal discontinuity through the
thickness; thermal stresses arising in the MPC top lid will be bounding when there is only a single
lid. Therefore, for thermal stresses, results from the analysis that considers the lid as a one-piece unit
are used and are amplified to reflect the increase in stress in the dual lid configuration.

Figure 3.4.12 shows details of the finite element model of the top lid (considered as a single piece),
canister shell, and baseplate. The top lid is modeled with 40 axisymmetric quadrilateral elements;
the weld connecting the lid to the shell is modeled by a single element solely to capture the effect of
the top lid attachment to the canister offset from the middle surface of the top lid. The MPC canister
is modeled by 50 axisymmetric shell elements, with 20 elements concentrated in a short length of
shell appropriate to capture the so-called "bending boundary layer" at both the top and bottom ends
of the canister. The remaining 10 shell elements model the MPC canister structure away from the
shell ends in the region where stress gradients are expected to be of less importance. The baseplate is
modeled by 20 axisymmetric quadrilateral elements. Deformation compatibility at the connections is
enforced at the top by the single weld element, and deformation and rotation compatibility at the
bottom by additional shell elements between nodes 106-107 and 107-108.
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The geometry of the model is listed below (terms are defined in Figure 3.4.12):

Ht = 9.5" (the minimum total thickness lid is assumed)

RL = 0.5 x 67.25" (Bill of Materials for Top Lid)

LMPC = 190.5" (Design Drawings in Section 1.5)

ts = 0.5"

tBP = 0.5 x 68.375"

3= 2 Rst z 12" (the "bending boundary layer")

Stress analysis results are obtained for two cases as follows:

a. internal pressure = 100 psi

b. internal pressure = 100 psi plus applied temperatures

For this configuration, dead weight of the top lid acts to reduce the stresses due to pressure. For
example, the equivalent pressure simulating the effect of the weight of the top lid is an external
pressure of 3 psi, which reduces the pressure difference across the top lid to 97 psi. The dead weight
of the top lid is neglected to provide additional conservatism in the results. The dead weight of the
baseplate, however, adds approximately 0.73 psi to the effective internal pressure acting on the base.
The effect of dead weight is still insignificant compared to the 100 psi design pressure, and is
therefore neglected. The thermal loading in the confinement vessel is obtained by developing a
parabolic temperature profile to the entire length of the MPC canister and to the top lid and
baseplate. The temperature data provided at locations A-I in Figure 3.4.11 and 3.4.12 are sufficient
to establish the profiles. Through-thickness temperatures are assumed linearly interpolated between
top and bottom surfaces of the top lid and baseplate. Finally, in the analysis, all material properties
and expansion coefficients are considered to be temperature-dependent in the model.

Results for stress intensity are reported for the case of internal pressure alone and for the combined
loading of pressure plus temperature (Load Case E l.c in Table 3.1.4). Tables 3.4.7 and 3.4.8 report
results at the inside and outside surfaces of the top lid and baseplate at the centerline and at the
extreme radius. Canister results are reported in the "bending boundary layer" and at a location near
mid-length of the MPC canister. In the tables, the calculated value is the value from the finite
element analysis, the categories are Pm= primary membrane; PL + Pb = local membrane plus primary
bending; and PL + Pb + Q = primary plus secondary stress intensity. The allowable strength value is
obtained from the appropriate table in Section 3.1 for Level A conditions, and the safety factor SF is
defined as the allowable strength divided by the calculated value. Allowable strengths for Alloy X
are taken at 550 degrees F, 400 degrees F, and 500 degrees F, respectively, for the MPC lid,
baseplate, and canister shell. The results given in Tables 3.4.7 and 3.4.8 demonstrate the ruggedness
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of the MPC as a confinement boundary. Since mechanically induced stresses in the top lid are
increased when a dual lid configuration is considered, the stress results obtained from an analysis of
a single top lid must be corrected to reflect the maximum stress state when a dual lid configuration is
considered. The modifications required are based on the following logic:

Consider the case of a simply supported circular plate of thickness h under uniform lateral pressure
"q". Classical strength of materials provides the solution for the maximum stress, which occurs at
the center of the plate, in the form:

u, = 1.225q(a /h)' where a is the radius of the plate and h is the plate thickness.

Now consider the MPC simply supported top lid as fabricated from two plates "1" and "2", of
thickness h, and h2, respectively, where the lower surface of plate 2 is subjected to the internal
pressure "q", the upper surface of plate I is the outer surface of the helium retention boundary, and
the lower surface of plate 1 and the upper surface of plate 2 are in contact. The following sketch
shows the dual lid configuration for the purposes of this discussion:

RI PlteI

Mt~t¶"tfltM¶ LfIJ

From classical plate theory, if it is assumed that the interface pressure between the two plates is
uniform and that both plates deform to the same central deflection, then if

hi+h 2 =h, and if h2/hl=r

the following relations exist between the maximum stress in the two individual plates, c71, CY2 and the
maximum stress cys in the single plate of thickness "h":

+_ - _1+)2

us (+ r')

=(+ _.)2
-" - r

u~s I+

Since the two lid thicknesses are the same in the dual lid configuration, r = 1.0 so that the stresses in
plates 1 and 2 are .both two times larger than the maximum stress computed for the single plate lid
having the same total thickness. In Tables 3.4.7 and 3.4.8, bounding results for the singlel lid
configuration are reported; a doubling of the calculated stress values (and a halving of the top lid
safety factors) results when the dual lid configuration is considered..
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Confirmatory Closed Form Solution

The results in Table 3.4.7 and 3.4.8 also show that the baseplate and the shell connection to the
baseplate are the most highly stressed regions under the action of internal pressure. To confirm the
finite element results, we perform an alternate closed form solution using classical plate and shell
theory equations that are listed in or developed from the reference (Timoshenko and Woinowsky-
Krieger, Theory of Plate and Shells, McGraw Hill, Third Edition).

Assuming that the thick baseplate receives little support against rotation frorij the thin shell, the
bending stress at the centerline is evaluated by considering a simply supported plate of radius a and
thickness h, subjected to lateral pressure p. The maximum bending stress is given by

3 (3+v) a2

8 h

where:

a = .5 x 68.375"

h= 2.5"

v = 0.3 (Poisson's Ratio)

p = 100 psi

Calculating the stress in the plate gives a = 23,142 psi.

Now consider the thin MPC shell (t = 0.5") and first assume that the baseplate provides a clamped
support to the shell. Under this condition, the bending stress in the thin shell at the connection to the
plate is given as

- a (l-v/2) =05
(sp = 3 p a .3(1-02)•/ = 10,553 psi

t 2 (V) 112ps

In addition to this stress, there is a component of stress in the shell due to the baseplat'e rotation that
causes the shell to rotate. The joint rotation is essentially driven by the behavior of the baseplate as a
simply supported plate; the shell offers little resistance because of the disparity in thickness and will
essentially follow the rotation of the thick plate.

Using formulas from thin shell theory, the additional axial bending stress in the shell due to this
rotation 0 can be written in the form
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0
UrB0 = 12 8 D--2

where

O=pa3/8D(1 +v)** (ly + a)

and

D- EEh
3

12(l - v)
E = plate Young's Modulus

2/kat
3

h-h3(1+v)

Et 3
Ds=- t2

12(1-v7)

/2 = J lv 2)/at

Substituting the numerical values gives

CYB = 40,563 psi

We note that the approximate solution is independent of the value chosen for Young's Modulus as
long as the material properties for the plate and shell are the same.

Combining the two contributions to the shell bending stress gives the total extreme fiber stress in the
longitudinal direction as 51,116 psi.

The baseplate stress value, 23,142 psi, compares well with the finite element result in Table 3.4.7.
The shell joint stress, 51,116 psi, is greater than the finite element result in Table 3.4.7. This is due
to the local effects of the shell-to-baseplate connection offset. That is, the connection between shell
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and baseplate in the finite element model is at the surface of the baseplate, not at the middle surface
of the baseplate. This offset will cause an additional bending moment that will reduce the rotation of
the plate and hence, reduce the stress in the shell due to the rotation of the baseplate.

In summary, the approximate closed form solution confirms the accuracy of the finite element
analysis in the baseplate region.

From Table 2.2.1, the off-normal design internal pressure is 110 psi, or ten percent greater than the
normal design pressure. Whereas Level A service limits are used to establish allowables for the
normal design pressure, Level B service limits are used for off-normal loads. Since Subsection NB
of the ASME Code permits an identical 10% increase in allowable stress intensity values for primary
stress intensities generated by Level B Service Loadings, it stands to reason that the safety factors
reported in Tables 3.4.7 and 3.4.8 bound the case of off-normal design internal pressure.

Under the accident pressure, the MPC baseplate experiences bending. Table NB-3217-1 permits the
bending stress at the outer periphery of the baseplate and in the shell wall at the connection to be
considered as a secondary bending stress if the primary bending stress at the center of the baseplate
can be shown to meet the stress limits without recourse to the restraint provided by the MPC shell.
To this end, the bending stress at the center of the baseplate is computed in a conservative manner
assuming the baseplate is simply supported at the periphery. The bending stress for a simply
supported circular plate is

At the accident pressure, conservatively set at twice the normal operating pressure, the maximum
stress is:

Bending stress at center of baseplate = 46,284 psi

Since this occurrence is treated as a Level D event, the stress intensity is compared with the limit
from Table 3.1.14 and the safety factor computed as, "SF", where

SF = 67,400 psi/(46,284+200) psi = 1.45

Evaluation of MPC Baseplate Alternate Support Configuration

The stress state in the MPC baseplate and adjacent canister is evaluated to assess the effect of the
discrete support of the MPC under the action of vertical loading plus pressure and temperature. The
alternate MPC supports consist of bearing pads (shims) at six locations around the periphery plus a
central support to transfer vertical loads to the HI-STORM. The baseplate of the MPC has been
previously analyzed under loading from the fuel basket and the fuel assemblies assuming the
baseplate plate continuously supported around the periphery by the MPC canister shell (e.g., this
condition arises during lifting and lowering of the MPC into the storage overpack). To evaluate the
effect of a discrete support configuration, a finite element model of '/2 of the baseplate is constructed
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using shell elements and includes a sufficient portion of the MPC canister to simulate the canister-
to-baseplate joint and the bending boundary layer in the canister shell. Vertical loads from fuel
assemblies and fuel basket are applied to the baseplate as a uniform pressure and a ring loading,
respectively (these loads have been applied in the same manner in the evaluation of the baseplate
under the MPC lowering condition for HI-STORM 100 system). The total vertical load is resisted at
the peripheral and central discrete support locations. Under normal conditions of storage, the
baseplate/canister is subject to normal service pressure and temperature plus the one-g dead weight
loading. The state of stress in the MPC under design pressure and normal operating temperature has
been previously considered using an axi-symmetric finite element model, and the results are
discussed above (see "Finite Element Analysis") and summarized in Tables 3.4.7 and 3.4.8 (Level A
condition). In Table 3.4.8, although the actual metal temperatures were used to develop the solution
for the thermal stresses, the allowable stresses were conservatively chosen at the design temperature
rather than at the actual operating temperature as befits a Level A analysis.

The stress intensities arising in the MPC baseplate and in the lower portion of the canister from the
added vertical load are added to the previously determined stress intensities arising from internal
pressure and temperature (reported in Table 3.4.8 and adjusted downward for actual service
pressure) to obtain the total stress intensity for the Level A normal operating condition. The
computed stress intensities are then amplified to simulate the vertical seismic event and again
summed with the results from Table 3.4.8 to obtain the total stress intensity for the Level D
condition.

The primary and secondary stress intensities in the MPC baseplate and canister shell are computed
for the Level A normal operating condition. The maximum primary stress intensity in the MPC
baseplate is also determined for the Level D vertical seismic event. All computed safety factors are
above 1.0.

3.4.4.3.1.3 Elastic Stability and Yielding of the MPC Basket under Compression Loads (Load
Case F3 in Table 3.1.3)

This load case corresponds to the scenario wherein the loaded MPC is postulated to drop causing a
compression state in the fuel basket panels. /

a. Elastic Stability

Following the provisions of Appendix F of the ASME Code [3.4.3] for stability analysis of
Subsection NG structures, (F- 1331.5(a)(1 )), a comprehensive buckling analysis is performed using
ANSYS. For this analysis, ANSYS's large deformation capabilities are used. This feature allows
ANSYS to account for large nodal rotations in the fuel basket, which are characteristic of column
buckling. The interaction between compressive and lateral loading, caused by the deformation, is
exactly included. Subsequent to the large deformation analysis, the basket panel that is most
susceptible to buckling failure is identified by a review of the results. The lateral displacement of a
node located at the mid-span of the panel is measured for the range of impact decelerations. The
buckling or collapse load is defined as the impact deceleration for which a slight increase in its
magnitude results in a disproportionate increase in the lateral displacement.
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The stability requirement for the MPC fuel basket under lateral loading is satisfied if two-thirds of
the collapse deceleration load is greater than the design basis horizontal acceleration (Table 3.1.2).
This analysis was performed for the HI-STAR 100 submittal (Docket Number 72-1008) under a 60g
deceleration loading. Within the HI-STAR 100 FSAR (Docket Number 72-1008), Figures 3.4.27
through 3A.32 are plots of lateral displacement versus impact deceleration for the MPC-24, MPC-
32, and MPC-68. It should be noted that the displacements (in the HI-STAR 100 FSAR) in Figures
3.4.27 through 3.4.31 are expressed in lx 10- inch and Figure 3.4.32 is expressed in 1x1l0 2 inch. The
plots in the HI-STAR 100 FSAR clearly show that the large deflection collapse load of the MPC fuel
basket is greater than 1.5 times the design basis deceleration for all baskets in all orientations. The
results for the MPC-24E are similar. Thus, the requirements of Appendix F are met for lateral
deceleration loading under Subsection NG stress limits for faulted conditions.

An alternative solution for the stability of the fuel basket panel is obtained using the methodology
espoused in NUREG/CR-6322 [3.4.13]. In particular, we consider the fuel basket panels as wide
plates in accordance with Section 5 of NUREG/CR-6322. We use eq.(19) in that section with the
"K" factor set to the value appropriate to a clamped panel. Material properties are selected
corresponding to a metal temperature of 600 degrees F which bounds computed metal temperatures
at the periphery of the basket. In general, the basket periphery sees the largest loading in an impact
scenario. The critical buckling stress is:

cr K a 21v )lc

where h is the panel thickness, a is the unsupported panel length, E is the Young's Modulus of Alloy
X at 600 degrees F, v is Poisson's Ratio, and K=0.65 (per Figure 6 of NUREG/CR-6322).

The MPC-24 has a small h/a ratio; the results of the finite element stress analyses under design basis
deceleration load show that this basket is subject to the highest compressive load in the panel.
Therefore, the critical buckling load is computed using the geometry of the MPC-24. The following
table shows the results from the finite element stress analysis and from the stability calculation.

Panel Buckling Results From NUREG/CR-6322
Item Finite Element Stress Critical Buckling Factor of

(ksi) Stress (ksi) Safety
Stress 12.585 44.44 3.531

For a stainless steel member under an accident condition load, the recommended safety factor is
2.12. We see that the calculated safety factor exceeds this value; therefore, we have independently
confirmed the stability predictions of the large deflection analysis based on classical plate stability
analysis by employing a simplified method.
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Stability of the basket panels, under longitudinal deceleration loading, is demonstrated in the
following manner. Under 60g deceleration in Docket Number 71-9261, the axial compressive stress
was computed for all fuel basket types, and the bounding result was determined as:

4,074 psi (for MPC 24E)

For the 45g design basis decelerations for HI-STORM 100, the basket axial stresses are reduced by
25%.

The above values represent the amplified weight, including the nonstructural sheathing and the
neutron absorber material, divided by the bearing area resisting axial movement of the basket. To
demonstrate that elastic instability is not a concern, the buckling stress for an MPC-24 flat panel is
computed.

For elastic stability, Reference [3.4.8] provides the formula for critical axial stress as

2 E (T)
12(1- V7) ~w

where T is the panel thickness and W is the width of the panel, E is the Young's Modulus at the
metal temperature and v is the metal Poisson's Ratio. The following table summarizes the
calculation for the critical buckling stress using the formula given above:

Elastic Stability Result for a Flat Panel

Reference Temperature 725 degrees F

T (MPC-24) 5/16 inch

W 10.777 inch

F 24,600,000 psi

Critical Axial Stress 74,781 psi

It is noted the critical axial stress is an order of magnitude greater than the computed basket axial
stress reported in the foregoing and demonstrates that elastic stability under longitudinal deceleration
load is not a concern for any of the fuel basket configurations.

b. Yielding

The safety factor against yielding of the basket under longitudinal compressive stress from a design
basis inertial loading is given, using the bounding result for the MPC-24E, by

SF = 17,100/4,074 = 4.197

Therefore, plastic deformation of the fuel basket under design basis deceleration is not credible.
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3.4.4.3.1.4 MPC Baseplate Analysis (Load Case E2)

A bounding analysis is performed in the HI-STAR 100 FSAR (Docket Number 72-1008, Appendix
3.1) to evaluate the stresses in the MPC baseplate during the handling of a loaded MPC. The stresses
in the MPC baseplate calculated in that appendix are compared to Level A stress limits and remain
unchanged whether the overpack is HI-STAR 100, HI-STORM 100, or HI-TRAC. Therefore, no
new analysis is needed. We have reported results for this region in Subsection 3.4.3 where an
evaluation has been performed for stresses under three times the supported load.

3.4.4.3.1.5 Analysis of the MPC Top Closure (Load Case E2)

The FSAR for the HI-STAR 100 System (Docket Number 72-1008, Appendix 3.E) contains stress
analysis of the MPC top closure .during lifting. Loadings in that analysis are also valid for the HI-
STORM 100 System. From Table 2.2.1, the off-normal design internal pressure is 110 psi, or ten
percent greater than the normal design pressure. Whereas Level A service limits are used to establish
allowables for the normal design pressure, Level B service limits are used for off-normal loads.
Since Subsection NB of the ASME Code permits an identical 10% increase in allowable stress
intensity values for primary stress intensities generated by Level B Service Loadings, it stands to
reason that the safety factors reported for normal pressure are also valid for the case of off-normal
design internal pressure.

3.4.4.3.1.6 Structural Analysis of the Fuel Support Spacers (Load Case E3.a)

Upper and lower fuel support spacers are utilized to position the active fuel region of the spent
nuclear fuel within the poisoned region of the fuel basket. It is necessary to ensure that the spacers
will continue to maintain their structural integrity after an accident event. Ensuring structural
integrity implies that the spacer will not buckle under the maximum compressive load, and that the
maximum compressive stress will not exceed the compressive strength of the spacer material (Alloy
X). Detailed calculations .in Docket Number 72-1008, Appendix 3.J, demonstrate that large
structural margins in the fuel spacers are available for the entire range of spacer lengths which may
be used in HI-STORM 100 applications (for the various acceptable fuel types). The calculations for
the HI-STORM 100 45g load are bounded by those for the HI-STAR 100 60g load.

3.4.4.3.1.7 External Pressure (Load Case El.b, Table 3.1.4)

The design external pressure for the MPC is zero psi. The outer surface of the MPC shell is
conservatively subject to a net external pressure of 2 psi. The methodology for analysis of the MPC
under this external pressure is provided in the HI-STAR 100 FSAR Docket Number 72-1008. Using
the identical methodology with input loads and decelerations appropriate to the HI-STORM, safety
factors > 1.0 are obtained for all relevant load cases.
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3.4.4.3.1.8 Miscellaneous MPC Structural Evaluations

Calculations are performed to determine the minimum fuel basket weld size, the capacity of the
sheathing welds, the stresses in the MPC cover plates, and the stresses in the fuel basket supports.
The following paragraphs briefly describe each of these evaluations.

The fillet welds in the fuel basket honeycomb are made by an autogenous operation that has been
shown to produce highly consistent and porosity free weld lines. However, Subsection NGof the
ASME Code permits only 40% quality credit on double fillet welds which can be only visually
examined (Table NG-3352-1). Subsection NG, however, fails to provide a specific stress limit
on such fillet welds. In the absence of a Code mandated limit, Holtec International's standard
design procedure requires that the weld section possess as much load resistance capability as the
parent metal section. Since the loading on the honeycomb panels is essentially that of section
bending, it is possible to develop a closed form expression for the required weld throat thickness
"t" corresponding to panel thickness "h".

The sheathing is welded to the fuel basket cell walls to protect and position the neutron absorber
material. Force equilibrium relationships are used to demonstrate that the sheathing weld is
adequate to support a 45g deceleration load applied vertically and horizontally to the sheathing
and the confined neutron absorber material. The analysis assumes that the weld is continuous
and then modifies the results to reflect the amplification due to intermittent welding.

The MPC cover plates are welded to the MPC lid during loading operations. The cover plates
are part of the confinement boundary for the MPC. No credit is taken for the pressure retaining
abilities of the quick disconnect couplings for the MPC vent and drain. Therefore, the MPC
cover plates must meet ASME Code, Section III, Subsection NB limits for normal, off-normal,
and accident conditions. Conservatively, the accident condition pressure loading is applied, and
it is demonstrated that the Level A limits for Subsection NB are met where possible.

The fuel basket internal to the MPC canister is supported by a combination of angle fuel basket
supports and flat plate or solid bar fuel basket supports. These fuel basket supports are subject to
significant load only when a lateral acceleration is applied to the fuel basket and the contained fuel.
The quasi-static finite element analyses of the MPC's, under lateral inertia loading, focused on the
structural details of the fuel basket and the MPC shell. Basket supports were modeled in less detail,
which served only to properly model the load transfer path between fuel basket and canister. Safety
factors reported for the fuel basket supports from the finite element analyses, are overly
conservative, and do not reflect available capacity of the fuel basket angle support. A strength of
materials analysis of the fuel basket angle supports is performed to complement the finite element
results. Weld stresses in the load path are computed, direct stress in the support members is
evaluated, and stability of the support legs is examined for all fuel basket support configurations.
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The results of these evaluations are summarized in the tables below.

Minimum Weld Sizes for Fuel Baskets

Basket Type Panel Thickness (h), in t/h Ratio Minimum Weld Size (t), in

MPC-24 5/16 0.57 0.178

MPC-68 1/4 0.516 0.129

MPC-32 9/32 0.57 0.160

MPC-24E 5/16 0.455 0.142

Miscellaneous Stress Results for MPC

Item Stress (ksi) Allowable Stress (ksi) Safety Factor

Shear Stress in Sheathing Weld 7.724 27.93 3.62

Bending Stress in MPC Cover Plate 14.08 25.425 1.81
(Level A)

Bending Stress in MPC Cover Plate 28.16 61.02 2.17
(Level D)

Shear Stress in MPC Cover Plate 7.55 18.99 2.52
Weld

Shear Stress in Fuel Basket Support 19.78 26.67 1.35
Weld

Combined Stress in Fuel Basket 32.393 59.1 1.82
Support Plates

Load in Basket Support Legs 2.185 kips/in 8.886 kips/in 4.07
(Stability)

3.4.4.3.1.9 Structural Integrity of Damaged Fuel Containers

The damaged fuel containers or canisters (DFCs) to be deployed in the HI-STAR 100 System
transport package have been evaluated to demonstrate that the containers are structurally adequate to
support the mechanical loads postulated during normal lifting operations, while in long-term storage,
and during a hypothetical end drop. The evaluations address the following damaged/failed fuel
containers for transportation in the HI-STAR 100 System:

a

0

0

Holtec-designed MPC-24E (PWR) DFC
Holtec-designed MPC-68 (BWR) DFC
Transnuclear-designed DFC for Dresden Unit 1 fuel
Transnuclear-designed Thoria Rod Canister for Dresden Unit 1

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR
REPORT HI-2002444

Rev. 5
3.4-39

HI-STORM 100 Rev. 5 - 6/21/07



The structural load path in each of the analyzed containers is evaluated using basic strength of
materials formulations. The various structural components are modeled as axial or bending members
and their stresses are computed. Depending on the particular DFC, the load path includes
components such as the container sleeve and collar, various weld configurations, load tabs, closure
components and lifting bolts. Axial plus bending stresses are computed, together with applicable
bearing stresses and weld stresses. Comparisons are then made with the appropriate allowable
strengths at temperature. Input data for all DFCs comes from the applicable drawings. The design
temperature for lifting evaluations is set at 150°F (since the DFC is in the spent fuel pool). The
design temperature for accident conditions is set at725TF.

The upper closure assembly must meet the requirements set forth for special lifting devices used in
nuclear applications [3.1.2]. The remaining components of the damaged fuel container are governed
by the stress limits of the ASME Code Section III, Subsection NG [3.4.10] and Section III,
Appendix F [3.4.3], as applicable.

The following table presents the minimum safety factors, from all of the stress computations, for
each of the above listed DFCs.

Safety Factor =

DFC Type Loading Condition - Calculated Allowable (Allowable Stress) Remarks
DFC Component Stress (ksi) Stress (ksi) / (Calculated

Stress)

Holtec-designed Normal Lift - 24.99 27.00 1.08 ANSI N14-6
MPC-24E (PWR) Lifting Bolt stress limit
DFC 60g End Drop - ASME Level

Baseplate-to-Container 3.95 26.59 6.73 D stress limit
Sleeve Welds

Holtec-designed Nonnal Lift - ASME Level
MPC-68 (BWR) Lifting Bolt-to-Top 5.80 12.00 2.07 A stress limit
DFC Plate Weld

60g End Drop - ASME Level
Baseplate-to-Container 1.59 26.59 16.7 D stress limit
Sleeve Welds

Transnuclear- Normal Lift - 0.527 4.583 8.70 Bearing stress
designed DFC for Lid Frame Assembly
Dresden Unit I 60g End Drop - 12.32 37.92 3.08 ASME Level

Bottom Assembly D stress limit

Transnuclear- Normal Lift - 0.373 4.583 12.3 Bearing stress
designed Thoria Lid Frame Assembly
Rod Canister for 60g End Drop - ASME Level
Dresden Unit I Bottom Assembly 8.73 37.92 4.34 D stress limit

The table above demonstrates that the DFCs are structurally adequate to support the mechanical
loads postulated during normal lifting operations and during a hypothetical end drop. Moreover,
since the HI-STAR design basis handling accident bounds the corresponding load for HI-STORM
(60g vs. 45g), the DFCs can be carried safely in both the HI-STAR and HI-STORM Systems.
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3.4.4.3.1.10 Analysis of MPC Basenlate and Closure Lid (Load Case E5)

During a fire (Load Case E5), the MPC baseplate is subjected to the accident pressure plus dead
load, and the fire temperature (which serves only to lower the allowable strengths). The results of
this analysis are summarized below:

MPC Baseplate Minimum Safety Factors - Load Cases E5

Item Value (ksi) Allowable (ksi) Safety Factor

Center of Baseplate -
Primary Bending 46.32 54.23 1.17
(Load Case E5)

The closure lid and the closure lid peripheral weld are also examined for maximum stresses
developed during the storage fire. The closure lid is modeled as a single simply supported plate and
is subject to dead load plus accident internal pressure. Results are presented for both the single and
dual lid configuration (in parentheses). The results for minimum safety factor are reported in the
table below:

MPC Top Closure Lid - Minimum Safety Factors - Load Case E5

Item Stress (ksi) or Load (lb.) Allowable Stress (ksi) orLoad Capacity (lb.) Safety Factor

Lid Bending Stress - Load 3.158/(6.316) 54.225 17.17/(8.58)
Case E5

Lid-to-Shell Peripheral
Weld Load - Load Case 713,047 1,477,000' 2.07
E5

Based on 0.625" single groove weld and conservatively includes a quality factor of 0.45.

We note from the-above that all safety factors are greater than 1.0.

3.4.4.3.2 HI-STORM 100 Storage Overpack Stress Calculations

The structural functions of the storage overpack are stated in Section 3. 1. The analyses presented
here demonstrate the ability of components of the HI-STORM 100 storage overpack to perform their
structural functions in the'storage mode. Load Cases considered are given in Table 3.1.5. The
nomenclature used to identify the load cases (Load Case Identifier) considered is also given in Table
3.1.5.

The purpose of the analyses is to provide the necessary assurance that there will be no unacceptable
release of radioactive material, unacceptable radiation levels, or impairment of ready retrievability of
the MPC from the storage overpack. Results obtained using the HI-STORM 100 configuration are
identical to or bound results for the HI-STORM IOOS configuration.
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3.4.4.3.2.1 HI-STORM 100 Compression Under the Static Load of a Fully Loaded HI-TRAC
Positioned on the Top of HI-STORM 100 (Load Case 01 in Table 3.1.5)

During the loading of HI-STORM 100, a HI-TRAC transfer cask with a fully loaded MPC may be
placed on the top of a HI-STORM 100 storage overpack. During this operation, the HI-TRAC may
be held by a single-failure-proof lifting device so a handling accident is not credible. The HI-
STORM 100 storage overpack must, however, possess the compression capacity to support the
additional dead load. The following analysis provides the necessary structural integrity
demonstration; safety factors are large and results for the HI-STORM 100 overpack are
representative of the margins for the IOOS and IOOS Version B overpacks.

Define the following quantities for analysis purposes:

WHT - Bounding weight of HI-TRAC 125D (loaded w/ MPC-32) = 236,000 lb (Table 3.2.2)

WMD = Weight of mating device = 15,000 lb

WTOTAL = WHT + WMD = 251,000 lb

The total weight of the HI-TRAC 125D plus the mating device is greater than the weight of a loaded
HI-TRAC 125 with the transfer lid. Therefore, the following calculations use the weight for the HI-
TRAC 125D as input.

The dimensions of the compression components of HI-STORM 100 are as follows:

outer diameter of outer shell = Do = 132.5"
thickness of outer shell = t.= 0.75" (1" for HI-STORM 100S Version B)
outer diameter of inner shell = Di = 76"
thickness of inner shell = ti = 1.25" (1" for HI-STORM IOOS Version B)
thickness of radial ribs = tr , 0.75" (ribs are not full-length for HI-STORM

IOOS Version B,' HI-STORM I OOS can beftibricated
withJill or partial length ribs)

In what follows, detailed results are provided using the classic HI-STORM 100 dimensions. While
Bill of Material 1575 provides the option to fabricate the inner and outer shells from 1" thick
material, the above dimensions (i.e., t, and ti) are used because they minimize the total cross
sectional metal area.

The metal area of the outer shell is

A. - (D - (D - 2 to)2)= -(132.5 2-1312)
4 4

310.43 in2
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The metal area of the radial ribs is

A, = 4tr (D.- 2 t. - Di) / 2 = 3 (131 - 76) = 82.5 in2

The metal area of the inner shell is

Ai = -(762 -73.52) 293.54 in 2

4

In the 1J-1-STORAI! 100., tThere are four radial ribs that extend full length and can carry load. For the
HI-STORM IOS and the HI-STORM 100S Version B, the radial ribs are not counted as part of the
compression load carrying area since they are not required to be full-length. The concrete radial
shield can also support compression load. The area of concrete available to support compressive
loading is

Aconcrcr - (( D. - 2 to) 2 - (Di )2) - Ar
4

=4(1312 -762) - 82.5 in 2

4
- (8,994 - 82.5) in2 = 8,859.5 in 2

The areas computed above are calculated at a section below the air outlet vents. To correct the
above areas for the presence of the air outlet vents (HI-STORM 100 only since HI-STORM IOOS
and HI-STORM 100S, Version B have the air outlet vents located in the lid), we note that Bill-of-
Materials 1575 in Chapter 1 gives the size of the horizontal plate of the air outlet vents as:

Peripheral width = w = 16.5"
Radial depth = d = 27.5" (over concrete in radial shield)

Using these values, the following final areas are obtained:

Ao = Ao(no vent) - 4tow = 260.93 sq. inch

Ai = Ai(no vent) - 4tiw = 211.04 sq. inch

Aconcrete = Aconcrete(no vent) - 4dw = 7044.2 sq. inch

The loading case is a Level A load condition. The load is apportioned to the steel and to the concrete
in accordance with the values of EA for the two materials (E(steel) = 28,000,000 psi and
E(concrete)=3,605,000 psi).
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EA(steel)= 28 x I06 psi x (260.93 + 211.04+ 82.5)in 2

=15,525.21bx 106 lbs.

EA(concrete) =3.605 x 106 x (7044.2) in2

= 25,394.3 x 106 lb.

Therefore, the total HI-TRAC load will be apportioned as follows:

FSTEEL = (15,525.2/40,919.5) x 251,000 = 95,231.5 lb.

FCONCUTE = (25,394.3/40,919.5) x 251,000 = 155,768.5 lb.

Therefore, if the load is apportioned as above, with all load-carrying components in the path acting,
the compressive stress in the steel is

If we conservatively neglect the compression load bearing capacity of concrete, then

STEEL =251,000 = 452.7 psi
554.5

If we include the concrete, then the maximum compressive stress in the concrete is:

NCONCRETE -- -- 22.1 psi

ACONCRETE

It is clear that HI-STORM 100 storage overpack can support the dead load of a fully loaded HI-
TRAC 125D and the mating device placed on top for MPC transfer into or out of the HI-STORM
100 storage overpack cavity. The calculated stresses at a cross-section through the air outlet ducts
are small and* give rise to large factors of safety. The metal cross-section at the base of the HI-
STORM storage overpack will have a slightly larger metal area (because the width of the air-inlet
ducts is smaller) but will be subject to additional dead load from the weight of the supported metal
components of the HI-STORM storage overpack plus the loaded HI-TRAC weight. At the base of
the storage overpack, the additional stress in the outer shell and the radial plates is due solely to the
weight of the component. Based on the maximum concrete density, the additional stress in these
components is computed as:

Acy = (2001b./cu.ft.) x 18.71 ft./144 sq.in./sq.ft. = 26.0 psi
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This stress will be further increased by a small amount because of the material cut away by the air-
inlet ducts; however, the additional stress still remains small. The inner shell, however, is subject to
additional loading from the top lid of the storage overpack and from the radial shield. From the
Structural Calculation Package (HI-981928)(see Subsection 3.6.4 for the reference), and from Table
3.2. 1, the following weights are obtained (for conservatism, use the IOOS, Version B lid weight with
200 pcf concrete even though the shell geometry is for the classic HI-STORM 100):

HI-STORM IOOS, Version B Top Lid weight < 29,000 lb.
HI-STORM 100 Inner Shell weight < 19,000 lb.
HI-STORM 100 Shield Shell weight < 11,000 lb.

Note that the shield shell was removed from the HI-STORM 100 design as of June 2001. However,
it is conservative to include the shield shell weight in the following calculations.

Using the calculated inner shell area at the top of the storage overpack for conservatism, gives the

metal area of the inner shell as:

Ai = Ai(no vent) - 4tiw = 211.04 sq. inch

Therefore, the additional stress from the HI-STORM IOOS, Version B storage overpack components,
at the base of the overpack, is:

Ac = 280 psi

and a maximum compressive stress in the inner shell predicted as:

Maximum stress = 453 psi + 280 psi = 733 psi

The safety factor at the base of the storage overpack inner shell (minimum section) is

SF = 17,500psi/733 psi = 23.9

The preceding analysis is bounding for the 100 Ton HI-TRAC transfer cask because of the lower HI-
TRAC weight.

The preceding analysis is representative of all overpacks since the bounding lid weight from the
Version B has been used. Based on the computed safety factor, it is concluded that all versions of the
HI-STORM 100 and HI-STORM lOOS can safely support the heaviest HI-TRAC while performing a
vertical fuel transfer operation.
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3.4.4.3.2.2 HI-STORM 100 Lid Intearitv Evaluation (Load Case 02.c. Table 3.1.5)

A non-mechanistic tip over of the HI-STORM 100 results in high decelerations at the top of the
storage overpack. The storage overpack lid diameter is less than the storage overpack outer diameter.
This ensures that the storage overpack lid does not directly strike the ground but requires analysis to
demonstrate that the lid remains intact and does not separate from the body of the storage overpack.
Figure 3.4.19 shows the scenario.

The HI-STORM 100 overpack has two lid designs, which rely on different mechanisms to resist
separation from the overpack body. The original design relies solely on the lid studs to resist the
shear and axial loads on the lid. In the new design, the bolt holes are enlarged and a shear ring is
welded to the underside of the lid top plate. These changes insure that the lid studs only encounter
axial (tensile) loads. The in-plane load is resisted by the shear ring as it bears against the top plate.
The HI-STORM IOOS and the HI-STORM IOOS, Version B has only one lid design, which utilizes a
shear ring. Calculations have been performed for both HI-STORM 100 lid configurations, as well as
the HI-STORM IOOS and the HI-STORM IOOS, Version B lid geometry, to demonstrate that the lid
can withstand a non-mechanistic tip-over.

The deceleration level for the non-mechanistic tip-over bounds all other decelerations, directed in
the plane of the lid, experienced under other accident conditions such as flood or earthquake as can
be demonstrated by evaluating the loads resulting from these natural phenomena events.

It is shown that the weight of the HI-STORM 100 lid, amplified by the design basis deceleration, can
be supported entirely by the shear capacity available in the four studst. If only a single stud is loaded
initially during a tipover (because of tolerances), the stud hole will enlarge rather than the stud fail in
shear. Therefore, it is assured that all four bolts will resist the tipover load regardless of the initial
position of the HI-STORM 100 lid.

The following tables summarize the limiting results obtained from the detailed analyses, and from
the similar detailed analysis for the HI-STORM 100 lid with shear ring, for the HI-STORM
IOOS(243), and for the HI-STORM IOOS, Version B(229). The results for the longer HI-STORM
IOOS and HI-STORM IOOS, Version B bound the corresponding results for the shorter versions of
these units.

The tip-over event is non-mechanistic by definition since the HI-STORM 100 System is designed to preclude
tip-over under all normal, off-normal, and accident conditions of storage, including extreme natural phenomena
events. Thus, the tip-over event cannot be categorized as an operating or test condition as contemplated by
ASME Section III, Article NCA-2141. The bolted connection between the overpack top lid and the overpack
body provided by the top lid studs and nuts serves no structural function during normal or off-normal storage
conditions, or for credible accident events. Therefore, the ASME Code does not apply to the construction of the
HI-STORM top plate-to-overpack connection (the lid studs, nuts, and the through holes in the top plate).
However, for conservatism, the stress limits from ASME III, Subsection NF are used for the analysis of the lid
bolts.
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HI-STORM 100 Top Lid Integrity (No Shear Ring)

item Value (ksi) Allowable (ksi) Safety Factor

Lid Shell-Lid Top Plate Weld Shear Stress 6.733 29.4 4.367

Lid Shell-Lid Top Plate Combined Stress 9.11 29.4 3.226

Attachment Bolt Shear Stress 44.82 60.9 1.359

Attachment Bolt Combined Shear and
Tension Interaction at Interface with 1.21
Anchor Block

HI-STORM 100 Top Lid Integrity (With Shear Ring)

Item Value (ksi) Allowable (ksi) Safety Factor

Lid Top Plate-to-Lid Shell Weld Combined 7.336 29.4 4.007
Stress

Shield Block Shells-to-Lid Top Plate Weld 1.768 29.4 16.63
Combined Stress

Attachment Bolt Tensile Stress 28.02 107.13 3.823

Shear Ring-to-Lid Top Plate Weld Stress 32.11 40.39 1.258

Shear Ring Bearing Stress 25.43 63.0 2.477

Top Plate-to-Outer Shell Weld Stress 35.61 40.39 1.134

HI-STORM 100S(243) Top Lid Integrityt

Item Value (ksi) Allowable (ksi) Safety Factor

Inner and Outer Shell Weld to Base 17.61 29.4 1.669

Shield Block Shell-to-Lid Weld Shear Stress 7.692 29.4 3.822

Attachment Bolt Tensile Stress 37.38 107.13 2.866

Shear Ring-to-Overpack Shell Weld Stress 33.24 42.0 1.264

Shear Ring Bearing Stress 19.36 63.0 3.254

Lid Shield Ring-to-Shear Ring Weld 20.95 42.0 2.004
Stress

t Results are based on a bounding weight of 28,000 lb for the HI-STORM IOOS top lid.
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HI-STORM 100S, Version B(229) Top Lid Integrityt

Item Value (ksi) Allowable (ksi) Safety Factor

Lid Outer Ring to Lid Shield Ring Weld 26.15 30.342-4 1.159646

Shield Block Shell-to-Lid Weld Shear Stress 26.94 30.342-.0 1. 125-5-9

Attachment Bolt Tensile Stress 41.563 107.13 2.578

Shear Ring-to-Overpack Shell Weld Stress 30.57 42.0 1.374

Shear Ring Bearing Stress 20.59 63.0 3.06

Lid Shield Ring-to-Shear Ring Weld 32.36 42.0 1.298
Stress

t Results are based on a bounding weight of 29,000 lb for the HI-STORM 100S, Version B top lid.

3.4.4.3.2.3 Vertical Drop of HI-STORM 100 Storage Overpack (Load Case 02.a of Table 3.1.5)

A loaded HI-STORM 100, with the top lid in place, drops vertically and impacts the ISFSI. Figure
3.4.20 illustrates the drop scenario. The regions of the structure that require detailed examination are
the storage overpack top lid, the inlet vent horizontal plate, the pedestal shield, the inlet vent vertical
plate, and all welds in the load path. These components are examined for the Level D event of a HI-
STORM 100 drop developing the design basis deceleration.

The table provided below summarizes the results of the analyses for the weight and configuration of
the HI-STORM 100. The results for the HI-STORM IOOS are bounded by the results given below.
Any calculation pertaining to the pedestal is bounding since the pedestal dimensions and
corresponding weights are less in the HI-STORM 100S. The HI-STORM 100S, Version B,
however, has sufficient differences in configuration to merit a separate evaluation using similar
analyses; therefore, a separate summary table of results is provided for the HI-STORM 100S,
Version B.
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HI-STORM 100 Load Case 02.a Evaluation
Item Value (ksi) Allowable Safety

(ksi) Factor

Lid Bottom Plate 6.00 58.7 9.777'
Bending Stress Intensity

Lid Bottom Plate Collapse Load 10450xl.06 12730 1.15'
(in.*lb./in.) (in.*lb./in.)

Weld- lid bottom plate-to-lid shell 10.91 29.4 2.695

Lid Shell - Membrane Stress Intensity 1.90 39.1 20.58

Lid Top (2" thick) Plate Bending Stress 11.27 58.7 5.208*
Intensity

Inner Shell -Membrane Stress Intensity 11.46 39.1 3.41

Outer Shell -Membrane Stress Intensity 3.401 39.1 11.495

Inlet Vent Horizontal Plate Bending Stress 46.20 58.7 1.271
Intensity

Inlet Vent Vertical Plate Membrane 12.86 39.1 3.04
Stress Intensity

Pedestal Shield - Compression 1.252 1.266 1.011

Weld - outer shell-to-baseplate 2.569 29.4 11.443

Weld - inner shell-to-baseplate 6.644 29.4 4.425

Weld-Pedestal shell-to-baseplate 2.281 29.4 12.887

Note that the dynamic load factor for the lid top plate is negligible and for the lid bottom
plate is 1.06. This dynamic load factor has been incorporated in the above table.
For the HI-STORM IOOS, this safety factor is conservatively evaluated to be 1.357 because

of increased load on the upper of the two lid plates.
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Applicable analyses are performed for the HI-STORM 100S, Version B for the amplified loads
resulting from the vertical drop of a fully loaded cask with the top lid in place.

HI-STORM 100S, Version B Load Case 02.a Evaluation

Item Value (ksi) Allowable Safety
(ksi) Factor

Lid Vent Shield Bending Stress Intensity 13.09 36.O5-3.9-.4 2.754.-11-8

Lid Inner Ring Compression 16.80 24.035.94 1.432.139

Inner Shell Compression 8.180 35.94 4.39

Outer Shell Compression 2.604 35.94 13.8

Weld - outer shell-to-baseplate 5.404 29.4 5.44

Weld - inner shell-to-baseplate 7.183 29.4 4.093

An assessment of the potential for instability of the compressed inner and outer shells under the
compressive loading during the drop event has also been performed. The methodology is from
ASME Code Case N-284 (Metal Containment Shell Buckling Design Methods, Division I, Class
MC (8/80)). This Code Case has been previously accepted by the NRC as an acceptable method for
evaluation of stability in vessels. The results obtained are conservative in that the loading in the
shells is assumed to be uniformly distributed over the entire length of the shells. In reality, the
component due to the amplified weight of the shell varies from zero at the top of the shell to the
maximum value at the base of the shell. It is concluded that large factors of safety exist so that
elastic or plastic instability of the inner and outer shells does not provide a limiting condition. The
results for the HI-STORM 100 bound similar results for the HI-STORM IOOS since the total weight
of the "S" configuration is decreased (see Subsection 3.2). The same methodology has been used for
an assessment of the HI-STORM lOOS Version B with the same conclusion; namely, that elastic or
plastic instability of the inner.and outer shells is not a concern under the postulated design basis load
cases.

The results do not show any gross regions of stress above the material yield point that would imply
the potential for gross deformation of the storage overpack subsequent to the handling accident.
MPC stability has been evaluated in the HI-STAR 100 FSAR for a drop event with 60g deceleration
and shown to satisfy the Code Case N-284 criteria. Therefore, ready retrievability of the MPC is
maintained as well as the continued performance of the HI-STORM 100 storage overpack as the
primary shielding device.

3.4.4.3.3 HI-TRAC Transfer Cask Stress Calculations

The structural functions of the transfer cask are stated in Section 3. 1. The analyses presented here
demonstrate the ability of components of the HI-TRAC transfer cask to perform their structural
functions in the transfer mode. Load Cases considered are given in Table 3.1.5.
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The purpose of the analyses is to provide the necessary assurance that there will be no unacceptable
release of radioactive material, unacceptable radiation levels, or impairment of ready retrievability.

3.4.4.3.3'.1 Analysis of Pocket Trunnions (Load Case 01 of Table 3,1.5)

The HI-TRAC 125 and HI-TRAC 100 transfer casks have pocket trunnions attached to the outer
shell and to the water jacket. During the rotation of HI-TRAC from horizontal to vertical or vice
versa (see Figure 3.4.18), these trunnions serve to define the axis of rotation. The HI-TRAC is also
supported by the lifting trunnions during this operation. Two load conditions are considered: Level
A when all four trunnions support load during the rotation; and, Level B when the hoist cable is
assumed slack so that the entire load is supported by the rotation trunnions. A dynamic amplification
of 15% is assumed in both cases appropriate to a low-speed operation. Figure 3.4.23 shows a free
body of the trunnion and shows how the applied force and moment are assumed to be resisted by the
weld group that connects the trunnion to the outer shell. Drawings 1880 (sheet 10) and 2145 (sheet
10) show the configuration. An optional construction for the HI-TRAC 100 permits the pocket
trunnion base to be split to reduce the "envelope" of the HI-TRAC. For that construction, bolts and
dowel pins are used to insure that the force and moment applied to the pocket trunnions are
transferred properly to the body of the transfer cask. The analysis also evaluates the bolts and dowel
pins and demonstrates that safety factors greater than 1.0 exist for bolt loads, dowel bearing and tear-
out, and dowel shear. Allowable strengths and loads are computed using applicable sections of
ASME Section III, Subsection NF.

Unlike the HI-TRAC 125 and the HI-TRAC 100, the HI-TRAC 125D and HI-TRAC 100D are
designed and fabricated without pocket trunnions. An L-shaped rotation frame is used to upend and
downend the HI-TRAC 125D and HI-TRAC 100D, instead of pocket trunnions. Thus, a pocket
trunnion analysis is not applicable to the HI-TRAC 125D or the HI-TRAC lOOD.

The table below summarizes the results for the HI-TRAC 125 and the HI-TRAC 100:
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Pocket Trunnion Weld Evaluation Summary

Item Value (ksi) Allowable (ksi)t Safety Factor

HI-TRAC 125 Pocket
Trunnion-Outer Shell 7.979 23.275 2.917
Weld Group Stress

HI-TRAC 125 Pocket
Trunnion-Water Jacket 5.927 23.275 3.9
Weld Group Stress

HI-TRAC 100 Pocket
Trunnion-Outer Shell 6.603 23.275 3.525
Weld Group Stress

HI-TRAC 100 Pocket
Trunnion-Water Jacket 5.244 23.275 4.438
Weld Group Stress

HI-TRAC 100 Pocket
Trunnion-Bolt Tension at 45.23 50.07 1.107
Optional Split

HI-TRAC 100 Pocket
Trunnion-Bearing Stress 6.497 32.7 5.033
on Base Surfaces at Dowel

HI-TRAC 100 Pocket
Trunnion-Tear-out Stress 2.978 26.09 8.763
on Base Surfaces at Dowel

HI-TRAC 100 Pocket
Trunnion-Shear Stress on 29.04 37.93 1.306
Dowel Cross Section at
Optional Split

t Allowable stress is reported for the Level B loading, which results in the minimum safety
factor.

To provide additional information on the local stress state adjacent to the rotation trunnion, a new
finite element analysis is undertaken to providedetails on the state of stress in the metal structure
surrounding the rotation trunnions for the HI-TRAC 125. The finite element analysis has been based
on a model that includes major structural contributors from the water jacket enclosure shell panels,
radial channels, end plates, outer and inner shell, and bottom flange. In the finite element analysis,
the vertical trunnion load has been oriented in the direction of the HI-TRAC 125 longitudinal axis.
The structural model has been confined to the region of the HI-TRAC adjacent to the rotation
trunnion block; the extent of the model in the longitudinal direction has been determined by
calculating the length of the "bending boundary layer" associated with a classical shell analysis. This
was considered to be a sufficient length to capture maximum shell stresses arising from the Level B
(off-normal) rotation trunnion loading. The local nature of the stress around the trunnion block is
clearly demonstrated by the finite element results.
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Consistent with the requirements of ASME Section III, Subsection NF, for Class 3 components,
safety factors for primary membrane stress have been computed. Primary stresses are located away
from the immediate vicinity of the trunnion; although the NF Code sets no limits on primary plus
secondary stresses that arise from the gross structural discontinuity immediately adjacent to the
trunnion, these stresses are listed for information. The results are summarized in the table below for
the Level B load distribution for the HI-TRAC 125.

ITEM -HI-TRAC 125 CALCULATED VALUE ALLOWABLE VALUE
Longitudinal Stress - (ksi) (Primary -0.956 23.275

Stress -Inner Shell)

Tangential Stress (ksi) (Primary -1.501 23.275
Stress - Inner Shell)

Longitudinal Stress (ksi) (Primary -0.830 23.275
Stress - Outer Shell)

Tangential Stress (ksi) (Primary -0.436 23.275
Stress - Outer Shell)

Longitudinal Stress - (ksi) (Primary 2.305 23.275
Stress - Radial Channels)

Tangential Stress (ksi) (Primary -0.631 23.275
Stress - Radial Channels)

Longitudinal Stress - (ksi) (Primary 1.734 No Limit (34.9)*
plus Secondary Stress -Inner Shell)

Tangential Stress (ksi) (Primary -1.501 NL
plus Secondary Stress - Inner Shell)

Longitudinal Stress (ksi) (Primary 2.484 NL
plus Secondary Stress - Outer Shell)

Tangential Stress (ksi) (Primary -2.973 NL
plus Secondary Stress - Outer Shell)

Longitudinal Stress - (ksi) (Primary
plus Secondary Stress - Radial -13.87 NL
Channels)

Tangential Stress (ksi) (Primary
plus Secondary Stress - Radial -2.303 NL
Channels)

* The NF Code sets no limits (NL) for primary plus secondary stress (see Table 3.1.17). Nevertheless, to demonstrate the

robust design with its large margins of safety, we list here, for information only, the allowable value for Primary
Membrane plus Primary Bending Stress appropriate to temperatures up to 650 degrees F.

The only stress of any significance is the longitudinal stress in the radial channels. This stress
occurs immediately adjacent to the trunnion block/radial channel interface and by its localized
nature is identifiable as a stress arising at the gross structural discontinuity (secondary stress).
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The finite element analysis has also been performed for the
following table summarizes the results:

HI-TRAC 100 transfer cask. The

. ITEM -HI-TRAC 100 CALCULATED VALUE ALLOWABLE VALUE
Longitudinal Stress - (ksi)

(Primary Stress -Inner Shell) -0.756 23.275

Tangential Stress (ksi) (Primary -2.157 23.275
Stress - Inner Shell)

Longitudinal Stress (ksi)
(Primary Stress - Outer Shell) -0.726 23.275

Tangential Stress (ksi) (Primary
Stress - Outer Shell) -0.428 23.275

Longitudinal Stress - (ksi)
(Primary Stress - Radial 2.411 23.275
Channels)

Tangential Stress (ksi) (Primary
Stress - Radial Channels) -0.5305 23.275

Longitudinal Stress - (ksi)
(Primary plus Secondary Stress - 2.379 NL
Inner Shell)

Tangential Stress (ksi) (Primary
plus Secondary Stress - Inner -2.157 NL
Shell)

Longitudinal Stress (ksi)
(Primary plus Secondary Stress - 3.150 NL
Outer Shell)

Tangential Stress (ksi) (Primary
plus Secondary Stress - Outer -3.641 NL
Shell)

Longitudinal Stress - (ksi)
(Primary plus Secondary Stress - -15.51 NL
Radial Channels)

Tangential Stress (ksi) (Primary
plus Secondary Stress - Radial -2.294 NL
Channels)
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The finite element analyses of the metal structure adjacent to the trunnion block did not include the
state of stress arising from the water jacket internal pressure. These stresses are conservatively
computed based on a two-dimensional strip model that neglects the lower annular plate. The water
jacket bending stresses are summarized below:

Tangential Bending Stress in Water Jacket
Outer Panel from Water Pressure Calculated Value (ksi)

(including hydrostatic and inertia effects)
HI-TRAC 125 18.41
HI-TRAC 100 22.47

To establish a minimum safety factor for the outer panels of the water jacket for the Level A
condition, we must add primary membrane circumferential stress from the trunnion load analysis to
primary circumferential bending stress from the waterjacket bending stress. Then, the safety factors
may be computed by comparison to the allowable limit for primary membrane plus primary bending
stress. The following results are obtained:

Results for Load Case 01 in Water Jacket (Load Case 01) - Level A Load
Circumferential CALCULATED ALLOWABLE SAFETY FACTOR
Stress in Water VALUE (ksi) VALUE (ksi) (allowable
Jacket Outer value/calculated

Enclosure value)
HI-TRAC 125 18.797 26.25 1.397
HI-TRAC 100 22.781 26.25 1.152

To arrive at minimum safety factors for primary membrane plus bending stress in the outer panel of
the water jacket for the Level B condition, we amplify the finite element results the trunnion load
analysis, add the appropriate stress from the two-dimensional waterjacket calculation, and compare
the results to the increased Level B allowable. The following results are obtained:

Results for Load Case 01 in Water Jacket (Load Case 01) - Level B Load
Circumferential CALCULATED ALLOWABLE SAFETY FACTOR
Stress in Water VALUE (ksi) VALUE (ksi) (allowable
Jacket Outer value/calculated

Enclosure value)
HI-TRAC 125 19.041 35.0 1.84
HI-TRAC 100 23.00 35.0 1.52

All safety factors are greater than 1.0; the Level A load condition governs.
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3.4.4.3.3.2 Lead Slump in HI-TRAC 125 - Horizontal Drop Event (Case 02.b in Table 3.1.5)

During a side drop of the HI-TRAC 125 transfer cask, the lead shielding must be shown not to slump
and cause significant amounts of shielding to be lost in the top area of the lead annulus. Slumping of
the lead is not considered credible in the HI-TRAC transfer cask because of:

a. the shape of the interacting surfaces
b. the ovalization of the shell walls under impact
c. the high coefficient of friction between lead and steel

'd. The inertia force from the MPC inside the HI-TRAC will compress the inner shell at
the impact location and locally "pinch" the annulus that contains the lead; this
opposes the tendency for the lead to slump and open up the annulus at the impact
location.

Direct contact of the outer shell of the HI-TRAC with the ISFSI pad is not credible since there is a
water jacket that surrounds the outer shell. The water jacket metal shell will experience most of the
direct impact. Nevertheless, to conservatively analyze the lead slump scenario, it is assumed that
there is no water jacket, the impact occurs far from either end of the HI-TRAC so as to ignore any
strengthening of the structure due to end effects, the impact occurs directly on the outer shell of the
HI-TRAC, and the contact force between HI-TRAC and the MPC is ignored. All of these
assumptions are conservative in that their imposition magnifies any tendency for the lead to slump.

To confirm that lead slump is not credible, a finite element analysis of the lead slump problem,
incorporating the conservatisms listed above, during a postulated HI-TRAC 125 horizontal drop (see
Figure 3.4.22) is carried out. The HI-TRAC 125 cask body modeled consists only of an inner steel
shell; an outer steel shell, and a thick lead annulus shield contained between the inner and outer
shell. A unit length of HI-TRAC is modeled and the contact at the lead/steel interface is modeled as
a compression-only interface. Interface frictional forces are conservatively neglected. As the HI-
TRAC 125 has a greater lead thickness, analysis of the HI-TRAC 125 is considered to bound the HI-
TRAC 100 and the HI-TRAC IOOD. Furthermore, since there are no differences between the HI-
TRAC 125 and the HI-TRAC 125D with respect to the finite element model, the results are valid for
both 125-Ton transfer casks.

The analysis is performed in two parts:

First, to maximize the potential for lead/steel separation, the shells are ignored and the gap elements
grounded. This has the same effect as assuming the shells to be rigid and maximizes the potential
and magnitude of any separation at the lead/steel interface (and subsequent slump). This also
maximizes the contact forces at the portion of the interface that continues to have compression
forces developed. The lead annulus is subjected to a 45g deceleration and the deformation, stress
field, and interface force solution developed. This solution establishes a conservative result for the
movement of the lead relative to the metal shells.
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In the second part of the analysis, the lead is removed and replaced by the conservative (high)
interface forces from the first part of the analysis. These interface forces, together with the 45g
deceleration-induced inertia forces from the shell self weight are used to obtain a solution for the
stress and deformation field in the inner and outer metal shells.

The results of the analysis are as follows:

a. The maximum predicted lead slump at a location 180 degrees from the impact point
is 0.1 ". This gap decreases gradually to 0.0" after approximately 25 degrees from the
vertical axis. The decrease in the diameter of the inner shell of the transfer cask (in
the direction of the deceleration) is approximately 0.00054". This demonstrates that
ovalization of the HI-TRAC shells does not occur. Therefore, the lead shielding
deformation is confined to a local region with negligible deformation of the
confining shells.

b. The stress intensity distribution in the shells demonstrates that high stresses are
concentrated, as anticipated, only near the assumed point of impact with the ISFSI
pad. The value of the maximum stress intensity (51,000 psi) remains below the
allowable stress intensity for primary membrane plus primary bending for a Level D
event (58,700 psi). Thus, the steel shells continue to perform their function and
contain the lead. The stress distribution, obtained using the conservatively large
interface forces, demonstrates that permanent deformation could occur only in a
localized region near the impact point. Since the "real" problem precludes direct
impact with the outer shell, the predicted local yielding is simply a result of the
conservatisms imposed in the model.

It is concluded that a finite element analysis of the lead slump under a 45g deceleration in a side
drop clearly indicates that there is no appreciable change in configuration of the lead shielding and
no overstress of the metal shell structure. Therefore, retrievability of the MPC is not compromised
and the HI-TRAC transfer cask continues to provide shielding.

3.4.4.3.3.3 HI-TRAC Lid Stress Analysis During HI-TRAC Drop Accident (Load Case 02.b in
Table 3.1.5)

The stress in the HI-TRAC 125 transfer lid is analyzed when the lid is subject to the deceleration
loads of a side drop Figure 3.4.22 is a sketch of the scenario. The analysis shows that the cask body,
under a deceleration of 45g's, will not separate from the transfer lid during the postulated side drop.
This event is considered a Level D event in the ASME parlance.

The bolts that act as doorstops to prevent opening of the doors are also checked for their load
capacity. It is required that sufficient shear capacity exists to prevent both doors from opening and
exposing the MPC.
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The only difference between the HI-TRAC 100 and the HI-TRAC 125 transfer lid doors is that the
HI-TRAC 100 has less lead and has no middle steel plate. A similar analysis of the HI-TRAC 100
shows that all safety factors are greater than 1.0. The table given below summarizes the results for
both units:

Transfer Lid Attachment Integrity Under Side Drop

Item - Shear Value (kip) or (ksi) Capacity (kip) or Safety Factor=
Capacity (ksi) Capacity/Value

HI-TRAC 125 1,272.0 1,4 75. O-l7;" 1. 15 9-1. g
Attachment (kip)

HI-TRAC 125 Door 20.24 48.3 2.387
Lock Bolts (ksi)

HI-TRAC 100 1,129.0 1,503.O4-,72" 1.331-4-
Attachment
(kip)

HI-TRAC 100 Door 13.81 48.3 3.497
Lock Bolts (ksi)

All safety factors are greater than 1.0 and are based on actual interface loads. For the HI-TRAC 125
and the HI-TRAC 100, the interface load (primary impact at transfer lid) computed from the
handling accident analysis is bounded by the values given below:

BOUNDING INTERFACE LOADS COMPUTED FROM HANDLING ACCIDENT
ANALYSES

Item Bounding Value (kip)
HI-TRAC 125 1,300
HI-TRAC 100 1,150

The HI-TRAC 125D and HI-TRAC IOOD transfer casks do not utilize a transfer lid. Instead, the
MPC is transferred to or from a storage overpack using the HI-TRAC pool lid and a special mating
device. Therefore, an analysis is performed to demonstrate that the pool lid will not separate from
the cask body during the postulated side drop. The results of the analyses are summarized in the
following tables for the HI-TRAC 125D and the HI-TRAC IOOD.
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HI-TRAC 125D Pool Lid Attachment Integrity Under Side Drop

Item Calculated Allowable Safety
Value Limit Factor

Lateral Shear Force (kips) 562.5 1085-3 1.929-
Maximum Bolt Tensile Stress (ksi) 1.54844,44 116.74 4 5.8-,Q2
Combined Tension and ShearItrcin0.2697-9 1.00 T 3.72=-g
Interaction

HI-TRAC 100D Pool Lid Attachment Integrity Under Side Drop

Item Calculated Allowable Safety
Value Limit Factor

Lateral Shear Force (kips) 360.0 1085 3.015
Maximum Bolt Tensile Stress (ksi) 1.4774-0=0- 116.7 79. 04-4-66
Combined Tension and Shear 0.11-7 1.00 9.0892
Interaction O.I11 _ _ 1.00_9.08 _- __

3.4.4.3.3.4 Stress Analysis of the HI-TRAC Water Jacket (Load Case 03 in Table 3.1.5)

The water jacket is assumed subject to internal pressure from pressurized water and gravity water
head. Calculations are performed for the HI-TRAC 125, the HI-TRAC 125D, the HI-TRAC 100, a
nd the HI-TRAC IOOD to determine the water jacket stress under internal pressure plus hydrostatic
load. Results are obtained for the water jacket configuration and the connecting welds for all HI-
TRAC transfer casks. The table below summarizes the results of the analyses.

Water Jacket Stress Evaluation
Item Value Allowable Safety

(ksi) (ksi) Factor

HI-TRAC 125 Water Jacket Enclosure Shell Panel Bending Stress 18.41 26.25 1.426

HI-TRAC 100 Water Jacket Enclosure Shell Panel Bending Stress 22.47 26.25 1.168

HI-TRAC 125 Water Jacket Bottom Flange Bending Stress 18.3 26.25 1.434

HI-TRAC 100 Water Jacket Bottom Flange Bending Stress 16.92 26.25 1.551

HI-TRAC 125 Weld Stress - Enclosure Panel Single Fillet Weld 2.22 21.0 9.454

HI-TRAC 100 Weld Stress - Enclosure Panel Single Fillet Weld 1.841 21.0 11.408

HI-TRAC 125 Weld Stress - Bottom Flange to Outer Shell Double 14.79 21.0 1.42
Fillet Weld
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HI-TRAC 125 - Enclosure Panel Direct Stress 1.571 17.5 11.142

HI-TRAC 100 - Enclosure Panel Direct Stress 1.736 17.5 10.84

HI-TRAC 125D Water Jacket Bottom Flange Bending Stress 18.88 26.25 1.39

HI-TRAC 125D Water Jacket Enclosure Shell Panel Bending 10.80 26.25 2.43
Stress

HI-TRAC 125D Weld Stress - Enclosure Panel to Radial Rib Plug 1.093 17.5 16.01
Welds

HI-TRAC 125D Weld Stress - Bottom Flange to Outer Shell Single 3.133 21.0 6.70
Fillet Weld

HI-TRAC 100)D Water Jacket Bottom Flange Bending Stress 16.69 26.25 1.57

HI-TRAC 100D Water Jacket Enclosure Shell Panel Bending 12.75 26.25 2.06
Stress
HI-TRAC IOOD Weld Stress - Enclosure Panel to Radial Rib Plug 0.680 17.5 25.7
Welds
HI-TRAC IOOD Weld Stress - Bottom Flange to Outer Shell Single 2.836 21.0 7.40
Fillet Weld

3.4.4.3.3.5 HI-TRAC Top Lid Separation (Load Case 02.b in Table 3.1.5)

The potential of top lid separation under a 45g deceleration side drop event requires evaluation. It is
concluded by analysis that the connection provides acceptable protection against top lid separation.
It is also shown that the bolts and the lid contain the MPC within the HI-TRAC cavity during and
after a drop event. The results from the HI-TRAC 125 bound the corresponding results from the HI-
TRAC 100 because the top lid bolts are identical in the two units and the HI-TRAC 125 top lid
weighs more. The analysis also bounds the HI-TRAC 125D and the HI-TRAC 100D because the
postulated side drop of the HI-TRAC 125, during which the transfer lid impacts the target surface,
produces a larger interface load between the MPC and the top lid of the HI-TRAC than the nearly
horizontal drop of the HI-TRAC 125D and the HI-TRAC 100D. The table below provides the
results of the bounding analysis.

HI-TRAC Top Lid Separation Analysis

Item Value Capacity Safety Factor=
Capacity/Value

Attachment Shear
Force (lb.) 123,750 957,619 7.738
Tensile Force in Stud
(lb.) 132,000 1,117,222 8.464

Bending Stress in Lid (ksi) 35.56 58.7 1.65

Shear Load per unit Circumferential
Length in Lid (lb./in) 533.5 29,400 55.10
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3.4.4.4 Comnarison with Allowable Stresses

Consistent with the formatting guidelines of Reg. Guide 3.61, calculated stresses and stress
intensities from the finite element and other analyses are compared with the allowable stresses and
stress intensities defined in Subsection 3.1.2.2 per the applicable sections of [3.4.2] and [3.4.4] for
defined normal and off-normal events and [3.4.3] for accident events (Appendix F).

3.4.4.4.1 MPC

Table 3.4.6 provides summary data extracted from the numerical analysis results for the fuel basket,
enclosure vessel, and fuel basket supports based on the design basis deceleration. The results
presented in Table 3.4.6 do not include any dynamic amplification due to internal elasticity of the
structure (i.e., local inertia effects). Calculations suggest that a uniform conservative dynamic
amplifier would be 1.08 independent of the duration of impact. If we recognize that the tip-over
event for HI-STORM 100 is a long duration event, then a dynamic amplifier of 1.04 is appropriate.
The summary data provided in Table 3.4.3 and 3.4.4 gives the lowest safety factor computed for the
fuel basket and for the MPC, respectively. Safety factors reported for the MPC shell in Table 3.4.4
are based on allowable strengths at 500 deg. F. Modification of the fuel basket safety factor for
dynamic amplification leaves considerable margin. Factors of safety greater than 1 indicate that
calculated results are less than the allowable strengths.

A perusal of the results in Tables 3.4.3 and 3.4.4 under different load combinations for the fuel
basket and the enclosure vessel reveals that all factors of safety are above 1.0 even if we use the
most conservative value for dynamic amplification factor. The relatively modest factor of safety in
the fuel basket under side drop events (Load Case F3.b and F3.c) in Table 3.4.3 warrants further
explanation since a very conservative finite element model of the structure has been utilized in the
analysis.

The wall thickness of the storage cells, which is by far the most significant variable in a fuel basket's
structural strength, is significantly greater in the MPCs than in comparable fuel baskets licensed in
the past. For example, the cell wall thickness in the TN-32 basket (Docket No. 72-1021, M-56), is
0.1 inch and that in the NAC-STC basket (Docket No. 71-7235) is 0.048 inch. In contrast, the cell
wall thickness in the MPC-68 is 0.25 inch. In spite of their relatively high flexural rigidities,
computed margins in the fuel baskets are rather modest. This is because of some assumptions in the
analysis that lead to an overstatement of the state of stress in the fuel basket. For example:

The section properties of longitudinal fillet welds that attach contiguous cell walls to
each other are completely neglected in the finite element model (Figure 3.4.7). The
fillet welds strengthen the cell wall section modulus at the very locations where
maximum stresses develop.

ii. The radial gaps at the fuel basket-MPC shell and at the MPC shell-storage overpack
interface are explicitly modeled. As the applied loading is incrementally increased,
the MPC shell and fuel basket deform until a "rigid" backing surface of the storage
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overpack is contacted, making further unlimited deformation under lateral loading
impossible. Therefore, some portion of the fuel basket and enclosure vessel (EV)
stress has the characteristics of secondary stresses (which by definition, are self-
limited by deformation in. the structure to achieve compatibility). For
conservativeness in the incremental analysis, we make no distinction between
deformation controlled (secondary) stress and load controlled (primary) stress in the
stress categorization of the MPC-24, 32, and 68 fuel baskets. We treat all stresses,
regardless of their origin, as primary stresses. Such a conservative interpretation of
the Code has a direct (adverse) effect on the computed safety factors. As noted
earlier, the results for the MPC-24E are properly based only on primary stresses to
illustrate the conservatism in the reporting of results for the MPC-24, 32, and 68
baskets.

iii. A uniform pressure simulates the SNF inertia loading on the cell panels, which is a
most conservative approach for incorporating the SNF/cell wall structure interaction.

The above assumptions act to depress the computed values of factors of safety in the fuel basket
finite element analysis and render conservative results.

The reported factors of safety do not include the effect of dynamic load amplifiers. The duration of
impact and the predominant natural frequency of the basket panels under drop events result in the
dynamic load factors that do not exceed 1.08. Therefore, since all reported factors of safety are
greater than the DLF, the MPC is structurally adequate for its intended functions.

Tables 3.4.7 and 3.4.8 report stress intensities and safety factors for the confinement boundary
subject to internal pressure alone and internal pressure plus the normal operating condition
temperature with the most severe thermal gradient. The final values for safety factors in the various
locations of the confinement boundary provide assurance that the MPC enclosure vessel is a robust
pressure vessel.

3.4.4.4.2 Storage Overpack and HI-TRAC

The result from analyses of the storage overpack and the HI-TRAC transfer cask is shown in Table
3.4.5. The location of each result is indicated in the table. Safety factors for lifting operations where
three times the lifted load is applied are reported in Section 3.4.3.

The table shows that all allowable stresses are much greater than their associated calculated stresses
and that safety factors are above the limit of 1.0.
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3.4.4.5 Elastic Stability Considerations

3.4.4.5.1 MPC Elastic Stability

Stability calculations for the MPC have been carried out in the HI-STAR 100 FSAR, Docket
Number 72-1008. Using identical methodology with input loads and decelerations appropriate to the
HI-STORM, safety factors > 1.0 are obtained for all relevant load cases. Note that for HI-STORM,
the design external pressure differential is reduced to 0.0 psi, and the peak deceleration under
accident events is reduced from 60g's (HI-STAR) to 45g's.

3.4.4.5.2 HI-STORM 100 Storage Overpack Elastic Stability

HI-STORM 100 (and lOOS and the IOOS Version B) storage overpack shell buckling is not a
credible scenario since the two steel shells plus the entire radial shielding act to resist vertical
compressive loading. Subsection 3.4.4.3.2.3 develops values for compressive stress in the steel
shells of the storage overpack. Because of the low value for compressive stress coupled with the fact
that the concrete shielding backs the steel shells, we can conclude that instability is unlikely. Note
that the entire weight of the storage overpack can also be supported by the concrete shielding acting
in compression. Therefore, in the unlikely event that a stability limit in the steel was approached, the
load would simply shift to the massive concrete shielding. Notwithstanding the above comments,
stability analyses of the storage overpack have been performed for bounding cases of longitudinal
compressive stress with nominal circumferential compressive stress and for bounding
circumferential compressive stress with nominal axial compressive stress. This latter case is for a
bounding all-around external pressure on the HI-STORM 100 outer shell. The latter case is listed as
Load Case 05 in Table 3.1.5 and is performed to demonstrate that explosions or other environmental
events that could lead to an all-around external pressure on the outer shell do not cause a buckling
instability. ASME Code Case N-284, a methodology accepted by the NRC, has been used for this
analysis. The storage overpack shells for the HI-STORM 100 are examined individually assuming
that the four radial plates provide circumferential support against a buckling deformation mode. The
analysis of the storage overpack outer shell for a bounding external pressure of

Pext = 30 psi

together with a nominal compressive axial load that bounds the dead weight load at the base of the
outer shell, gives a safety factor against an instability of:

Safety Factor = (1/0.466) x 1.34 = 2.88

The factor 1.34 is included in the above result since the analysis methodology of Code Case N-284
builds in this factor for a stability analysis for an accident condition. The suite of stability analyses
have also been performed for the HI-STORM IOOS Version B. No credit is taken for any support
provided by the concrete shielding and the effect of support by radial ribs is conservatively
neglected (since the ribs in the HI-STORM 100S Version B do not extend the full height of the
overpack). It is shown that the safety factor computed for the classic HI-STORM 100 is a lower
bound for all of the HI-STORM lOOS versions.
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The external pressure for the overpack stability considered here significantly bounds the short-time
10-psi differential pressure (between outer shell and internal annulus) specified in Table 2.2.1.

The same postulated external pressure condition can also act on the HI-TRAC during movement
from the plant to the ISFSI pad. In this case, the lead shielding acts as a backing for the outer shell of
the HI-TRAC transfer cask just as the concrete does for the storage overpack. The water jacket metal
structure provides considerable additional structural support to the extent that it is reasonable to state
that instability under external pressure is not credible. If it is assumed that the all-around water
jacket support is equivalent to the four locations of radial support provided in the storage overpack,
then it is clear that the instability result for the storage overpack bounds the results for the HI-TRAC
transfer cask. This occurs because the R/t ratio (mean radius-to-wall thickness) of the HI-TRAC
outer shell is less than the corresponding ratio for the HI-STORM storage overpack. Therefore, no
HI-TRAC analysis is performed.

3.4.5 Cold

A discussion of the resistance to failure due to brittle fracture is provided in Subsection 3.1.2.3.

The value of the ambient temperature has two principal effects on the HI-STORM 100 System,
namely:

i. The steady-state temperature of all material points in the cask system will go up or
down by the amount of change in the ambient temperature.

ii. As the ambient temperature drops, the absolute temperature of the contained helium
will drop accordingly, producing a proportional reduction in the internal pressure in
accordance with the Ideal Gas Law.

In other words, the temperature gradients in the system under steady-state conditions will remain the
same regardless of the value of the ambient temperature. The internal pressure, on the other hand,
will decline with the lowering of the ambient temperature. Since the stresses under normal storage
condition arise principally from pressure and thermal gradients, it follows that the stress field in the
MPC under -40 degree F ambient would be smaller than the "heat" condition of storage, treated in
thp preceding subsection. Additionally, the allowable stress limits tend to increase as the component
temperatures decrease.

Therefore, the stress margins computed in Section 3.4.4 can be conservatively assumed to apply to
the "cold" condition as well.

Finally, it can be readily shown that the HI-STORM 100 System is engineered to withstand "cold"
temperatures (-40 degrees F), as set forth in the Technical Specification, without impairment of its
storage function.
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Unlike the MPC, the HI-STORM 100 storage overpack is an open structure; it contains no pressure.
Its stress field is unaffected by the ambient temperature, unless low temperatures produce brittle
fracture due to the small stresses which develop from self-weight of the structure and from the
minute difference in the thermal expansion coefficients in the constituent parts of the equipment
(steel and concrete). To prevent brittle fracture, all steel material in HI-STORM 100 is qualified by
impact testing as set forth in the ASME Code (Table 3.1.18).

The structural material used in the MPC (Alloy X) is recognized to be completely immune from
brittle fracture in the ASME Codes.

As no liquids are included in the HI-STORM 100 storage overpack design, loads due to expansion of
freezing liquids are not considered. The HI-TRAC transfer cask utilizes demineralized water in the
water jacket. However, the specified lowest service temperature for the HI-TRAC is 0 degrees F and
a 25% ethylene glycol solution is required for the temperatures from 0 degrees F to 32 degrees F.
Therefore, loads due to expansion of freezing liquids are not considered.

There is one condition, however, that does require examination to insure ready retrievability of the
fuel. Under a postulated loading of an MPC from a HI-TRAC transfer cask into a cold HI-STORM
100 storage overpack, it must be demonstrated that sufficient clearances are available to preclude
interference when the "hot" MPC is inserted into a "cold" storage overpack. To this end, a bounding
analysis for free thermal expansions has been performed in Subsection 4.4.5, wherein the MPC shell
is postulated at its maximum design basis temperature and the thermal expansion of the overpack is
ignored. The results from the evaluation of free thermal expansion are summarized in Subsection
4.4.5. The final radial clearance (greater than 0.25" radial) is sufficient to preclude jamming of the
MPC upon insertion into a cold HI-STORM 100 storage overpack.

3.4.6 HI-STORM 100 Kinematic Stability under Flood Condition (Load Case A in Table
3.1.1)

The flood condition subjects the HI-STORM 100 System to external pressure, together with a
horizontal load due to water velocity. Because the HI-STORM 100 storage overpack is equipped
with ventilation openings, the hydrostatic pressure from flood submergence acts only on the MPC.
As stated in subsection 3.1.2.1.1.3, the design external pressure for the MPC bounds the hydrostatic
pressure from flood submergence. Subsection 3.4.4.5.2 has reported a positive safety factor against
instability from external pressure in excess of that expected from a complete submergence in a flood.
The analysis performed below is also valid for the HI-STORM IOOS and the HI-STORM IOOS,
Version B.

The water velocity associated with flood produces a horizontal drag force, which may act to cause
sliding or tip-over. In accordance with the provisions of ANSI/ANS 57.9, the acceptable upper
bound flood velocity, V, must provide a minimum factor of safety of 1.1 against overturning and
sliding. For HI-STORM 100, we set the upper bound flood velocity design basis at 15 feet/sec.
Subsequent calculations conservatively assume that the flow velocity is uniform over the height of
the storage overpack.
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The overturning horizontal force, F, due to hydraulic drag, is given by the classical formula:

F=CdAVV

where:

V- is the velocity head - ; (p is water weight density, and g is acceleration due
2g

to gravity).

A: projected area of the HI-STORM 100 cylinder perpendicular to the fluid velocity
vector.

Cd: drag coefficient

The value of Cd for flow past a cylinder at Reynolds number above 5E+05 is given as 0.5 in the
literature (viz. Hoerner, Fluid Dynamics, 1965).

The drag force tending to cause HI-STORM 100's sliding is opposed by the friction force, which is
given by

Ff = pK W

where:

p= limiting value of the friction coefficient at the HI-STORM 100/ISFSI pad interface
(conservatively taken as 0.25, although literature citations give higher values).

K buoyancy coefficient (documented in HI-981928, Structural Calculation Package for
HI-STORM 100 (see citation in Subsection 3.6.4).

W: Minimum weight of HI-STORM 100 with an empty MPC.

Sliding Factor of Safet

The factor of safety against sliding,/3i, is given by

_Ff_ /KW
18, F CdAV*

It is apparent from the above equation, P3, will be minimized if the empty weight of HI-STORM 100
is used in the above equation.

As stated previously, p= 0.25, Cd = 0.5.
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V* corresponding to 15 ft./sec. water velocity is 218.01 lb per sq. ft.

A = length x diameter of HI-STORM 100 = 132.5" x 231.25"/144 sq. in./sq.ft. = 212,78 sq. ft.

K = buoyancy factor = 0.64 (per calculations in HI-981928)

W = empty weight of overpack w/ lid = 270,000 lbs. (Table 3.2.1)

Substituting in the above formula for P3, we have

= 1.86 > 1.1 (required)

Since the weight of the HI-STORM 100S or HI-STORM 100S, Version B, plus the weight of an
empty MPC-32 (i.e., the lightest MPC) is greater than 270,000 lb, the above calculation is also valid
for these two units for the entire range of concrete densities.

Overturning Factor of Safety

For determining the margin of safety against overturning (12, the cask is assumed to pivot about a
fixed point located at the outer edge of the contact circle at the interface between HI-STORM 100
and the ISFSI. The overturning moment due to a force FT applied at height H* is balanced by a
restoring moment from the reaction to the cask buoyant force KW acting at radius D/2.

FTH*=KW 
D
2

KWD
FT = 2H

W is the empty weight of the storage overpack.

We have,

W = 270,000 lb. (Table 3.2.1)

H* = 119.2" (maximum height of mass center per Table 3.2.3)

D = 132.5" (Holtec Drawing 1495)

K = 0.64 (calculated in HI-981928)

FT= 96,040 lb.
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FT is the horizontal drag force at incipient tip-over.

F = Cd A V* = 23,194 lbs. (drag force at 15 feet/sec)

The safety factor against overturning, 132, is given as:

/12 - FT = 4.14 > 1.1 (required)
F

This result bounds the result for the HI-STORM lOOS, for the HI-STORM 1 OS Version B, as well
as for the densified concrete shielding option, since the calculation uses a conservative lower bound
weight and a bounding height for the center of gravity.

In the next subsection, results are presented to show that the load F (equivalent to an inertial
deceleration of F/360,000 lb = 0.0644 g's applied to the loaded storage overpack) does not lead to
large global circumferential stress or ovalization of the storage overpack that could prevent ready
retrievability of the MPC. It is shown in Subsection 3.4.7 that a horizontal load equivalent to 0.47g's
does not lead to circumferential stress levels and ovalization of the HI-STORM storage overpack to
prevent ready retrievability 9 f the MPC. The load used for that calculation clearly bounds the side
load induced by flood.

3.4.7 Seismic Event and Explosion - HI-STORM 100

3.4.7.1 Seismic Event (Load Case C in Table 3.1.1)

Overturning Analysis

The HI-STORM 100 System plus its contents may be assumed to be subject to a seismic event
consisting of three orthogonal statistically independent acceleration time-histories. For the purpose
of performing a conservative analysis to determine the maximum ZPA that will not cause incipient
tipping, the HI-STORM 100 System is considered as a rigid body subject to a net horizontal quasi-
static inertia force and a vertical quasi-static inertia force. This is consistent with the approach used
in previously licensed dockets. The vertical seismic load is conservatively assumed to act in the most
unfavorable direction (upwards) at the same instant. The vertical seismic load is assumed to be equal
to or less than the net horizontal load with t being the ratio of vertical component to one of the
horizontal components. For use in calculations, define DBASE as the contact patch diameter, and HcG
as the height of the centroid of an empty HI-STORM 100 System (no fuel). Conservatively, assume

DBASE = 132.5" (Drawing 1495, Sheet 1 specifies 133.875" including overhang for welding)

Tables 3.2.1 and 3.2.3 give HI-STORM 100 weight data and center-of-gravity heights.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
REPORT HI-2002444 3.4-68

HI-STORM 100 Rev. 5 - 6/21/07



The weights and center-of-gravity heights are reproduced here for calculation of the composite
center-of-gravity height of the storage overpack together with an empty MPC.

Weight (pounds) C.G. Height (Inches); H

Overpack - Wo = 270,000 116.8
MPC-24 - W 2 4 = 42,000 109:0 + 24 = 133.0'
MPC-68 - W68 = 39,000 111.5 + 24 = 135.5
MPC-32 -W 32 = 36,000 113.2 + 24 = 137.2
MPC-24E - W24E = 45,000 108.9 + 24 = 132.9

The height of the composite centroid, HcG, is determined from the equation

Wox 116.8 + WMPcx HHcg-

Wo + WMPC

Performing the calculations for all of the MPCs gives the following results:

Hcg (inches)

MPC-24 with storage overpack 118.98
MPC-68 with storage overpack 119.16
MPC-32 with storage overpack 119.20
MPC-24E with storage overpack 119.10

A conservative overturning stability limit is achieved by using the largest value of HCG (call it H)
from the above. Because the HI-STORM 100 System is a radially symmetric structure, the two
horizontal seismic accelerations can be combined vectorially and applied as an overturning force at
the C.G. of the cask. The net overturning static moment is

WGHH

where W is the total system weight and GH is the resultant zero period acceleration seismic loading
(vectorial sum of two orthogonal seismic loads) so that WGH is the inertia load due to the resultant
horizontal acceleration. The overturning moment is balanced by a vertical reaction force, acting at
the outermost contact patch radial location r = DBASE/ 2 . The resistive moment is minimized when the
vertical zero period acceleration Gv tends to reduce the apparent weight of the cask. At that instant,
the moment that resists "incipient tipping" is:

W (1- Gv) r

From Table 3.2.3, it is noted that MPC C.G. heights are measured from the base of the MPC. Therefore, the
thickness of the overpack baseplate and the concrete MPC pedestal must be added to determine the height
above ground.
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Performing a static moment balance and eliminating W results in the following inequality to ensure a
"no-overturning condition:

r r
GH +HGv <r

H H

Using the values of r and H for the HI-STORM 100 (r = 66.25", H = 119.20"), representative
combinations of GH and Gv that satisfy the limiting equality relation are computed and tabulated
below:

Acceptable Net Horizontal Acceptable Vertical

G-Level (HI-STORM100), GH G-Level, Gv

0.467 0.16

0.445 0.20

0.41.7 0.25

0.357 0.357

We repeat the above computations using the weight and c.g. location of the HI-STORM
IOOS(232). Because of the lowered center of gravity positions, the maximum net horizontal "G"
levels are slightly increased.

Performing the calculations for all of the MPCs gives the following results:

Hcg (inches)

MPC-24 with storage overpack
MPC-68 with storage overpack
MPC-32 with storage overpack
MPC-24E with storage overpack

113.89
114.07
114.11
114.01

Using the values of r and H for the HI-STORM 100S(232) (r = 66.25", H = 114.11"),
representative combinations of GH and Gv that satisfy the limiting equality relation are computed
and tabulated below:
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Acceptable Net Horizontal Acceptable Vertical
G-Level (HI-STORM 100S(232)), Gt1  G-Level, Gv

0.488 0.16

0.464 0.20

0.435 0.25

0.367 0.367

The limiting values of GH and Gv for the HI-STORM 100S(243), which is taller than the HI-
STORM 100S(232), are the same as the HI-STORM 100.

If the HI-STORM 100 or the HI-STORM 100S is fabricated using high density concrete (i.e.,
above 160.8 pcf dry), the C.G. height of the overpack decreases and thereby enables the cask
system to withstand higher g-loads. This conclusion becomes immediately clear when the
maximum acceptable vertical g-level is expressed in the following form:

GCv =I-HGH
r

For fixed values of GH and r, the value of Gv increases as H decreases. Therefore, the
representative combinations of GH and Gv given above for the HI-STORM 100 and the HI-
STORM 100S are conservative for the densified concrete shielding option.

Since the HI-STORM IOOS, Version B has further reduced the centroid of the loaded units, it is
expected that acceptable G-Levels are further increased. The following calculations provide the
limiting G-level combinations for the HI-STORM IOOS Version B with standard weight
concrete. As noted previously, the result for standard weight concrete will bound the
corresponding result for the high density concrete (densified) shielding option.

We repeat the above computations usingthe weight and c.g. location of the HI-STORM
IOOS(218). Because of the lowered center of gravity positions, the maximum net horizontal "G"
levels are slightly increased.

Performing the calculations for all of the MPCs gives the following results:

Hcg (inches)

MPC-24 with storage overpack 109.88
MPC-68 with storage overpack 110.12
MPC-32 with storage overpack 110.23
MPC-24E with storage overpack 109.93

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
REPORT HI-2002444 3.4-71

HI-STORM 100 Rev. 5 - 6/21/07



Using the values of r and H for the HI-STORM 100S, Version B(218) (r = 66.25", H = 110.23"),
representative combinations of GH and Gv that satisfy the limiting equality relation are computed
and tabulated below:

Acceptable Net Horizontal Acceptable Vertical
G-Level (HI-STORM 100S, Version B(218)), G-Level, Gv

GH

0.505 0.16

0.481 0.20

0.451 0.25

0.376 0.375

The limiting values of GH and Gv for the HI-STORM IOOS, Version B(229), which is taller than the
HI-STORM 100S, Version B(218), are bounded by the values listed for the HI-STORM 100.

Primary Stresses in the HI-STORM 100 Structure Under Net Lateral Load Over 180 degrees of
the Periphery

Under a lateral loading, the storage overpack will experience axial primary membrane stress in the
inner and outer shells as it resists bending as a "beam-like" structure. Under the same kind of lateral
loading over one-half of the periphery of the cylinder, the shells will tend to ovalize under the
loading and develop circumferential stress. Calculations for stresses in both the axial and
circumferential direction are required to demonstrate satisfaction of the Level D structural integrity
requirements and to provide confidence that the MPC will be readily removable after a seismic
event, if necessary. An assessment of the stress state in the structure under the seismic induced load
will be shown to bound the results for any other condition that induces a peripheral load around part
of the HI-STORM 100 storage overpack perimeter. The specific analyses are performed using the
geometry and loading for the HI-STORM 100; the results obtained for stress levels and the safety
assessment are also applicable to an assessment of the HI-STORM IOOS.

A simplified calculation to assess the flexural bending stress in the HI-STORM 100 structure under
the limiting seismic event (at which tipping is incipient) is presented in the following:

A representative net horizontal acceleration of 0.47g is used to determine the primary stresses in the
HI-STORM 100 storage overpack. The corresponding lateral seismic load; F, is given by

F = 0.47 W

This load will be maximized if the upper bound HI-STORM 100 weight (W = 410,000 lbs. (Table
3.2.1)) is used. Accordingly,

F = (0.47) (410,000) = 192,700 lbs.
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No dynamic amplification is assumed as the overpack, considered as a beam, has a natural frequency
well into the rigid range.

The moment, M, at the base of the HI-STORM 100 due to this lateral force is given by

MFH

2

where H = height of HI-STORM 100 (taken conservatively as 235 inches). Note that the loading has
now been approximated as a uniform load acting over the full height of the cask.

The flexural stress, a, is given by the ratio of the moment M to the section modulus of the steel shell
structure, z, which is computed to be 12,640 in3 for the HI-STORM 100 overpack with inner and
outer shell thicknesses of 1-1/4" and 3/4", respectively. The use of this value is conservative since
the steel section modulus associated with the optional 1" thick inner and outer shell design is slightly
higher.

Therefore,

(192,700) (235) - 1,791 psi
(12,640) (2)

We note that the strength of concrete has been neglected in the above calculation.
The maximum axial stress in the storage overpack shell will occur on the "compressive" side where
the flexural bending stress algebraically sums with the direct compression stress c0 d from vertical
compression.

From the representative acceleration tables, the vertical seismic accelerations corresponding to the
net 0.47g horizontal acceleration is below 0.25g.

Therefore, using the maximum storage overpack weight (bounded by 410,000 lbs. from data in
Table 3.2.1)

(410,000) (1.25) 924 psi
554.47

where 554.47 sq. inch is the metal area (cross section) of the steel structure in the HI-STORM 100
storage overpack as computed in Subsection 3.4.4.3.2.1. The total axial stress, therefore, is

CY = 1,791 + 924 = 2,715 psi
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Per Table 3.1.12, the allowable membrane stress intensity for a Level D event is 39,750 psi at 350
degrees F.

The Factor of Safety, P3, is, therefore

39,750j3= -14.6
2,715

Examination of the stability calculations for the overpack outer shell under a 45-g vertical end drop
demonstrates that no instability will result from this compressive load induced by a seismic or other
environmental load leading to bending of the storage overpack as a beam.

The previous calculation has focused on the axial stress in the members developed assuming that the
storage overpack does not overturn but resists the lateral load by remaining in contact with the
ground and bending like a beam. Since the lateral loading is only over a portion of the periphery,
there is also the potential for this load to develop circumferential stress in the inner and outer shells
to resist ovalization of the shells. To demonstrate continued retrievability of the MPC after a seismic
event, it must be shown that either the stresses remain in the elastic range or that any permanent
deformation that develops due to plasticity does not intrude into the MPC envelope after the event is
ended. In the following subsection, classical formulas for the deformation of rings under specified
surface loadings are used to provide a conservative solution for the circumferential stresses in the
HI-STORM 100. Specifically, the solution for a point-supported ring subject to a gravitational
induced load, as depicted in the sketch below, is implemented. This solution provides a conservative
estimate of the circumferential stress and the deformation of the ring that will develop under the
actual applied seismic load.

Ring supported at base and loaded by its
own weight, w, given per unit
circumferential length.

A

C
2x Rw
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The solution considers the geometry and load appropriate to.a unit length of the inner and outer
shells of the HI-STORM 100 storage overpack with a total weight equal to the overpack bounding
weight (no MPC) subject to a 45g deceleration inertial loading. The numerical results for the 45g
tipover event can be directly applied here by multiplying by the factor "X", where "X" reflects the
differences in the deceleration and the weights used for the tipover event and for the seismic load
case here in this subsection.

X = (0.47g/45g) x (410,0001b./270,0001b.) = 0.0159

Using this factor on the tipover solution gives the following bounding results for maximum stresses
(without regard for sign and location of the stress) and deformations:

Maximum circumferential stress due to bending moment = (29,310 psi x X) = 466 psi

Maximum circumferential stress due to mean tangential force = (18,900 lb./2 sq.inch) x X = 150.3
psi

Change in diameter in the direction of the load = -0.11" x X = -0.0017"

Change in diameter perpendicular to the direction of the load = +0.06" x X = 0.0010"

From the above results, it is clear that no permanent ovalization of the storage overpack occurs
during the seismic event and that circumferential stresses will remain elastic and are bounded by the
stresses computed based on considering the storage overpack as a simple beam. Therefore, .the safety
factors based on maximum values of axial stress are appropriate. The magnitudes of the diameter
changes that are suggested by the ring solution clearly demonstrate that ready retrievability of the
MPC is maintained after the seismic event.
Because of the low values for the calculated axial stress, the conclusions of the previous section are

also valid for the HI-STORM 100S, and for the HI-STORM 100S, Version B.

Potential for Concrete Cracking

It can be readily shown that the concrete shielding material contained within the HI-STORM 100
structure will not crack due to the flexuring action of HI-STORM 100 during a bounding seismic
event that leads to a maximum axial stress in the storage overpack. For this purpose, the maximum
axial strain in the steel shell is computed by dividing the tensile stress developed by the seismic G
forces (for the HI-STORM 100, for example) by the Young's Modulus of steel.

1,791 - 8 5 8

28 E+ 06

where the Young's Modulus of steel is taken from Table 3.3.2 at 350 degrees F.
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The acceptable concrete strain in tension is estimated from information in ACI-318.1 for plain
concrete. The ratio of allowable tensile stress to concrete Young' Modulus is computed as

Allowable Concrete Strain = (5 x (0.75) x (f)l12)/(57,000(f)1 1 2) = 65.8E-06

In the above expression, f is the concrete compressive strength.

Therefore, we conclude that considerable margins against tensile cracking of concrete under the
bounding seismic event exist.

Sliding Analysis

An assessment of sliding of the HI-STORM 100 System on the ISFSI pad during a postulated
seismic event is performed using a one-dimensional "slider block on friction supported surface"
dynamic model. The results for the shorter HI-STORM IOOS are comparable. The HI-STORM 100
is simulated as a rigid block of mass 'i' placed on a surface, which is subject to a sinusoidal
acceleration of amplitude 'a'. The coefficient of friction of the block is assumed to be reduced by a
factor ax to recognize the contribution of vertical acceleration in the most adverse manner (vertical
acceleration acts to reduce the downward force on the friction interface). The equation of motion for
such a "slider block" is given by:

mx = R + m a sin w t

where:

x/: relative acceleration of the slider block (double dot denotes second derivative of
displacement 'x' in time)

a: amplitude of the sinusoidal acceleration input

(o: frequency of the seismic input motion (radians/sec)

t: time coordinate

R is the resistive Coulomb friction force that can reach a maximum value of p(mg)
(ýt= coefficient of friction) and which always acts in the direction of opposite to *(t).

Solution of the above equation can be obtained by standard numerical integration for specified
values of m, a, a and gt. The calculation is performed for representative horizontal and vertical
accelerations of 0.47g and 0.16g, respectively. The input values are summarized below.

a= 0.47g

X = 0.84 = 1 - vertical acceleration (= 0.16g)
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m = 360,000 lbs/g

.t = 0.25

For establishing the appropriate value of (o, reference is made to the USAEC publication TID-7024,
"Nuclear Reactor and Earthquakes", page 35, 1963, which states that the significant energy of all
seismic events in the U.S. essentially lies in the range of 0.4 to 10 Hz. Taking the mid-point value

= (6.28) (0.5) (0.4+10) = 32.7 rad/sec.

The numerical solution of the above equation yields the maximum excursion of the slider block Xmax

as 0.12 inches, which is negligible compared to the spacing between casks.

Calculations performed at lower values of o show an increase in X,,ax with reducing (o. At 1 Hz, for
example, xmax = 3.2 inches. It is apparent from the above that there is a large margin of safety against
inter-module collision within the HI-STORM 100 arrays at an ISFSI, where the minimum installed
spacing is over 2 feet (Table 1.4.1).

The above dynamic analysis indicates that the HI-STORM 100 System undergoes minimal
lateral vibration under a seismic input with net horizontal ZPA g-values as high as 0.47 even
under a bounding (from below) low interface surface friction coefficient of 0.25. Data reported
in the literature (ACI-349R (97), Commentary on Appendix B) indicates that values of the
coefficient of friction, pi, as high as 0.7 are obtained at steel/concrete interfaces.

To ensure against unreasonably low coefficients of friction, the ISFSI pad design may require a
"broom finish" at the user's discretion. The bottom surface of the HI-STORM 100 is
manufactured from plate stock (i.e. non-machine finish). A coefficient of friction value of 0.53 is
considered to be a conservative numerical value for the purpose of ascertaining the potential for
incipient sliding of the HI-STORM 100 System. If a higher value is used, the coefficient of
friction is required to be verified by test (see Table 2.2.9).

The relationship between the vertical ZPA, Gv, (conservatively assumed to act opposite to the
normal gravitational acceleration), and the resultant horizontal ZPA GH to insure against
incipient sliding is given from static equilibrium considerations as:

GH + ,uG, </p

Using a conservative Value of .t equal to 0.53, the above relationship provides governing ZPA
limits for a HI-STORM 100 (or IOOS) System arrayed in a freestanding configuration. The table
below gives representative combinations that meet the above limit.
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GH (in g's) Gv (in g's)
0.445 0.16
0.424 0.20
0.397 0.25
0.350 0.34

Since the sliding inequality is independent of the weight and centroid of the cask system, the
results above remain valid for HI-STORM overpacks with high density concrete and with
different heights.

If the values for the DBE event at an ISFSI site satisfy the above inequality relationship for
incipient sliding with coefficient of friction equal to 0.53, then the non-sliding criterion set forth
in NUREG-1536 is assumed to be satisfied a'priori. However, if the ZPA values violate the
inequality by a small amount, then it is permissible to satisfy the non-sliding criterion by
implementing measures to roughen the HI-STORM 100/ISFSI pad interface to elevate the value
of ýt to be used in the inequality relation. To demonstrate that the value of ýt for the ISFSI pad
meets the required value implied by the above inequality, a series of Coulomb friction tests
(under the QA program described in Chapter 13) shall be performed as follows:

Pour a concrete block with horizontal dimensions no less than 2' x 2' and a block thickness no
less than 0.5'. Finish the top surface of the block in the same manner as the ISFSI pad surface
will be prepared.

Prepare a 6" x 6" x 2" SA516 Grade 70 plate specimen (approximate weight = 20.25 lb.) to
simulate the bottom plate of the HI-STORM 100 overpack. Using a calibrated friction gage
attached to the steel plate, perform a minimum of twenty (20) pull tests to measure the static
coefficient of friction at the interface between the concrete block and the steel plate. The pull
tests shall be performed on at least ten (10) different locations on the block using varying
orientations for the pull direction.

The coefficient of friction to be used in the above sliding inequality relationship will be set as the
average of the results from the twenty tests.

The satisfaction of the "no-sliding" criterion set down in the foregoing shall be carried out along
with the "no-overturning" qualification (using the static moment balance method in the manner
described at the beginning of this subsection) and documented as part of the ISFSI facility's
CFR72.212 evaluation.
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Alternative Evaluation of Overturning and Sliding

In this subsection, an evaluation of the propensity for the free standing cask to be in a state of either
incipient overturning or incipient sliding has been performed using a simple static analysis that is
independent of time phasing of the input acceleration time histories and considers only the Zero
Period Acceleration (ZPA) obtained from the response spectra. For both incipient overturning and
incipient sliding, the following inequality must be satisfied to ensure satisfaction of the static
criteria.

GH + ,G, < ,u

For the incipient overturning evaluation, ýi=(radius of cask base/height to loaded cask center-of-
gravity). For the incipient sliding evaluation, i= Coulomb coefficient of friction =0.53 at the
cask/ISFSI pad interface (unless testing justifies use of a higher value). The inequality has been
derived assuming that the cask is resting on a flat and level surface that is subject to a seismic event
characterized by a response spectra set with the net horizontal and vertical Zero Period Acceleration
(ZPA) denoted by GH and Gv, respectively.

This "screening" evaluation provides a conservative criterion to insure that top-of-pad acceleration
time histories from the aggregate effect of soil structure interaction and free field acceleration would
not predict initiation of overturning or sliding. If on-the-pad acceleration time histories are available,
the applicable inequality (for overturning and sliding) may be satisfied at each time instant during
the Design Basis Earthquake with GH and Gv representing coincident values of the magnitude of the
net horizontal and vertical acceleration vectors.

3.4.7.2 Explosion (Load Case 05 in Table 3.1.5)

In the preceding subsection, it has been demonstrated that incipient tipping of the storage overpack
will not occur under a side load equal to 0.47 times the weight of the cask. For a fully loaded cask
with high density concrete, this side load is equal to

F = 192,700 lb.

If it is assumed that this side load is uniformly distributed over the height of the cask and that the
cask centroid is approximately at the half-height of the overpack, then an equivalent pressure, P,
acting over 180 degrees of storage overpack periphery, can be defined as follows:

P x (DH) = F

Where D = overpack outside diameter, and H = minimum height of a storage overpack (HI-STORM
100S Version B(218)).

For D = 132.5" and H = 218", the equivalent pressure is

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 5
REPORT HI-2002444 3.4-79

HI-STORM 100 Rev. 5 - 6/21/07



P = 192,700 lb/(132.5" x 218") = 6.67 psi

Therefore, establishing 5 psi as the design basis steady state pressure differential (Table 2.2.1) across
the overpack diameter is reasonable.

Since the actual explosion produces a transient wave, the use of a static incipient tip calculation is
very conservative. To evaluate the margin against tip-over from a short-time pressure pulse, a
Working Model analysis of the two-dimensional dynamic motion of the HI-STORM subject to a
given initial angular velocity is carried out. Figures 3.4.25 and 3.4.26 provide details of the model
and the solution for a HI-STORM 100 System (simulated as a rigid body) having a weight and
inertia property appropriate to a minimum weight cask of height H=2355". The results show that an
initial angular velocity of 0.626 radians/second does not lead to a tipover of the storage overpack.
The results bound those obtained for the HI-STORM 100S(232) and for the HI-STORM l00S
Version B (229) since the overall cask height is reduced. The results for the HI-STORM IOOS(243)
are roughly equal to the results for the HI-STORM 100 since the differences in height and weight are
negligible. The results for the HI-STORM IOOS Version B will be bounded by the results presented
because of lower centroid location.

Continuing, the initial angular velocity can be related to a square wave pressure pulse of magnitude
P and time duration T by the following formula:

lo = (P x D x H) x (0.5xH) x T

The above formula relates the change in angular motion resulting from an impulsive moment about
the base of the overpack. D is the diameter of the outer shell, H is the height of the storage overpack,
and I is the mass moment of inertia of the storage overpack about the mass center (assumed to be at
half-height). For D=132.5", H=235"' P=10 psi, T=I second, and 1=64,277,000 lb.inch sec , the
resulting initial angular velocity is:

o = 0.569 radians/second

Therefore, an appropriate short time pressure limit is 10 psi with pulse duration less than or equal to
1 second. Table 2.2.1 sets this as the short-time external pressure differential.

The oveITacA' is also qitalifi/d 1) s5tami ivtihout tip-oi.er a lateral impulse load of 60 psi
(J,/firen/ial pre~'sure. for ,'5 Inilliseconls maximu0m) 13.4.51.

The analysis in Subsection 3.4.7.1 evaluates ovalization of the shell by considering the seismically
applied load as a line loading along the height of the overpack that is balanced by inertial body
forces in the metal ring. The same solutions can be used to examine the circumferential stress state
that would be induced to resist an external pressure that developed around one-half of the periphery.
Such a pressure distribution may be induced by a pressure wave crossing the cask from a nearby

explosion. It is shown here that a uniform pressure load over one-half of the overpack outer shell
gives rise to an elastic stress state and deformation state that is bounded by a large margin by the
results just presented for the seismic event in Subsection 3.4.7.1.
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The case of an external pressure load from an explosion pressure wave (Load Case 05 in Table
3.1.5) is examined by combining the solutions for two different load cases. The combined case that
results is a balance of pressure load over one-half the perimeter and inertial body forces. The sketch
below describes this:

Case 1 + Case 3

A
A

0±0

2wR sinO0
C

0~C
2'K Rw

Both cases are considered under identical total loads (with the angle in case 3 set to 90 degrees).
Therefore, adding the results from the two cases results in the desired combined case; namely,
the balance of a peripheral external pressure with internal all around loading simulating an
inertia load (since the reactions are identical in magnitude and oppo'site in direction, there is a
complete cancellation of the concentrated loads).

Examination of the results shows that the algebraic sum of the two solutions gives results that are
smaller in magnitude than the case 1 solution for a line loading balanced by inertially induced body
forces. The applied loading used to develop the solution for case 1 is 56,180 lb. per inch of storage
overpack axial length. This load is equivalent to an external pressure P = 424 psi applied over one-
half of the outer perimeter of the shell as is shown below:

P x D = 56,180 lb./inch D = 132.5" Therefore, P = 424 psi

Since this is higher by a large margin than any postulated external pressure load, circumferential
stresses induced by the differential pressure specified in Table 2.2.1 are insignificant. Specifically,
by adding the results from the two solutions (ring load case 1 for a point support reaction to a body
force + ring load case 3 for a point support reaction to a lateral pressure over one-half of the
perimeter), it is determined that the circumferential bending stress from case 1 is reduced by the
factor "R" to obtain the corresponding stress from the combined case. R is computed as the ratio of
moment magnitudes from the combined case to the results of case 1 alone.

R = (maximum bending moment from case 1 + case 3)/(maximum bending moment from case 1)
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= 0.75/6.197 = 0.12

Examination of the graphs from the moment distribution from the two solutions shows that the
individual terms always subtract and nearly cancel each other at every location.

Therefore, it is concluded that the maximum circumferential stress that develops under a pressure of
424 psi applied over one-half of the perimeter, and conservatively assumed balanced by inertia
loading, is

Stress = 29,310 psi x 0.12 = 3517 psi

The stress due to a differential pressure of 10 psi (Table 2.2.1) is only 2.36% of the above value and
needs no further evaluation for stress limits or deformation to demonstrate retrievability of the MPC.
Because of the large margin obtained for a specific set of values appropriate to the HI-STORM 100,
the same conclusion is reached for the HI-STORM IOOS and the HI-STORM 100S, Version B; that
is, differential pressures of the postulated magnitude will not affect retrievability of the stored MPC.

3.4.7.3 Anchored HI-STORM Systems Under High-Seismic DBE (Load Case C in Table
3.1.1)

The anchored HI-STORM System (Figures 1.1.4 and 1.1.5) is assumed to be subjected to quasi-
static inertial seismic loads corresponding to the ZPA design basis limits given in Table 2.2.8. The
results from this quasi-static analysis are used to evaluate structural margins for the preloaded
anchor studs and the sector lugs. In the quasi-static evaluation, the effect of the "rattling" of the
MPC inside of the overpack is accounted for by the imposition of a dynamic load factor of 2.0 on the
incremental stresses that arise during the seismic event. In addition to the quasi-static analysis,
confirmatory 3-D dynamic analyses are performed using base acceleration excitation histories
developed from two sets of response spectra. Figure 3.4.30 shows the two sets of response spectra
that are assumed to be imposed at the top of the ISFSI pad. One set of response spectra is the
Regulatory Guide 1.60 spectra for 5% damping with zero period acceleration conservatively
amplified to 1.5 in each direction. This spectra set has been used as the input spectra at many nuclear
plants in the U.S. (although generally, the ZPA was much below 1.0). Three statistically independent
acceleration time histories (two horizontal labeled as "H 1", "H2") and one vertical (labeled as "VT")
have been developed. A twenty-second duration event was considered. Figures 3.4.31 to 3.4.33 show
the time histories. The second set of response spectra used for time history analysis has similar levels
of zero period acceleration but has higher peak spectral acceleration values in the low frequency
range (2-3 Hz). This spectra set is the design basis set for a Pacific coast U.S. plant. Figures 3.4.34
to 3.4.36 (labeled as "FN", "FP" for the two horizontal acceleration histories and "FV" for the
vertical acceleration time history), show the corresponding time histories simulating a long duration
seismic event (170 seconds).
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The objectives of the quasi-static and dynamic seismic analyses are the following:

Quantify the structural safety factor in the anchor studs and in the sector lugs that
constitute the fastening system for the loaded HI-STORM 100A overpack. The
structural safety factor is defined as the ratio of the permitted stress (stress intensity)
per Subsection "NF" of the ASME Code to the maximum stress (stress intensity)
developed in the loaded component.

ii. Compute the safety factor against fatigue failure of the anchor studs from a single
seismic event.

iii. Quantify the interface loads applicable to the ISFSI pad to enable the ISFSI owner to
design the ISFSI pad under the provisions of ACI-349 (85). The bounding interface
loads computed for the maximum intensity, seismic event (ZPA) and for extreme
environmental loads may be used in pad design instead of the site-specific loads
calculated for the loadings applicable to the particular ISFSI.

The above design objectives are satisfied by performing analyses of a loaded HI-STORM IOOA
System using a conservative set of input data and a conservative dynamic model. Calculations using
the quasi-static model assume that the net horizontal inertia loads and the vertical inertia load
correspond to the weight of the loaded cask times the appropriate ZPA. The results from the
analyses are set down as the interface loads, and may be used in the ISFSI pad design work effort by
the ISFSI owner. The information on the seismic analysis is presented in five paragraphs as follows:

Input data for analysis
Quasi-static model and results
Dynamic model and modeling assumptions.
Results of dynamic analysis
Summary of interface loads

a. Input Data for Analysis:

Key input data for the seismic analysis of a loaded HI-STORM I OOA System is summarized in
Table 3.4.10. As can be seen from Table 3.4.10, the input data used in the analysis is selected to
bound the actual data, wherever possible, so as to maximize the seismic response. For example, a
bounding weight of the loaded MPC and HI-STORM I O1A overpack is used because an increase in
the weight of the system directly translates into an increased inertial loading on the structure.

For quasi-static analysis, bounding ZPA values of 1.5 in all three directions are used with the
vertical event directed upward to maximize the stud tension. The resulting ZPA's are then further
amplified by the dynamic load factor (DLF=2.0) to reflect "rattling" of the MPC within the
overpack. Input data for anchor stud lengths are representative. We consider long and short studs in
order to evaluate the effect of stud spring rate.
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For the confirmatory dynamic analyses, the time history base excitations are shown in Figures 3.4.31
through 3.4.36 and the propensity for "rattling" is included in the model.

b. Quasi-Static Model and Results:

We consider the HI-STORMlOOA baseplate as a rigid plate resting on the ISFSI pad with the
twenty-eight studs initially preloaded so as to impart a compressive load at the baseplate pad
interface that is balanced by a tensile load in the studs prior to the seismic event occurring. The
discrete studs are replaced by a thin ring located at the stud circle radius for analysis purposes. The
thickness of the thin ring is set so that the ring area is equal to the total stress area of the twenty-
eight studs. Figure 3.4.37 shows a view of a segment of the baseplate with the outline of the ring.
The ISFSI pad is represented by a linear spring and a rotational spring with spring constants
determined from the exact solution for a rigid circular punch pressed into a elastic half-space. We
assume that subsequent to pre-tensioning the studs, the seismic event occurs, represented by a net
horizontal load DH and a net vertical load DV. In the analysis, the input loads DH and DV are:

GH = (1.52 x 2)1/2 x DLF = 4.242 ; Gv=1.5 x DLF = 3.0

DH = GH x 360,000 lb. ; DV = -Gv x 360,000 lb

DH is the magnitude of the vector sum of the two horizontal ZPA accelerations multiplied by the
bounding HI-STORM 1 00A weight. Similarly, DV is an upward directed load due to the vertical
ZPA acceleration. The upward direction is chosen in order to maximize the stud tension as the
assemblage of studs and foundation resists overturning from the moment induced by DR applied at
the centroid of the cask. Figure 3.4.38 shows the free-body diagram associated with the seismic
event. Essentially, we consider an analysis of a pre-compressed interface and determine the interface
joint behavior under the imposition of an external loading (note that this kind of analysis is well
established in the pressure vessel and piping area where it is usually associated with establishing the
effectiveness of a gasketed joint). An analysis is performed to determine the maximum stud tension
that results if the requirement of no separation between baseplate and pad is imposed under the
imposed loading. The following result is obtained from static equilibrium, for a preload stress of 60
ksi, when the "no separation condition" is imposed:

2a/3hcg (FprcIoad/W + 1X1 + a 1.016

GH- 2a/3hcg(Gv(l+at1)/(1+a))

In the above equation,

Fpreload = (Total stress area of twenty-eight, 2" diameter studs) x 60 ksi = 4,200,000 lb.

W = Bounding weight of loaded HI-STORM IOOA = 360,000 lb.

a = 73.25 inches,
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hcg = 118.5 inches

The coefficients a and (x, relate the stiffness of the totality of studs to the stiffness of the foundation
under direct loading and under rotation. The result given above is for the representative case of stud
free length "L", equal to

L= 42 inches, which gives at and ct, equal to 0.089 and 0.060, respectively.

A simplified confirmatory analysis of the above problem can be performed by considering the
limiting case of a rigid baseplate and a rigid ISFSI pad. In the limit of a rigid ISFSI pad (foundation),
the coefficients at and ct go to zero. A related solution for the case of a rigid baseplate and a rigid
foundation can be obtained when the criteria is not incipient separation, but rather, a more "liberal"
incipient rotation about a point on the edge of the baseplate. That solution is given in "Mechanical
Design of Heat Exchangers and Pressure Vessel Components", by Singh and Soler (Arcturus
Publishers, 1984). The result is (for 60 ksi pre-stress in each stud):

a/h c, (Fd,,,/W + 1)ahgFpreloadW + )= 1.284

GH -a/h g(Gv)

Although not a requirement of any design code imposed herein, the right hand side of the previous
relationships can be viewed as the safety factor against incipient separation (or rotation about an
edge) at the radius "a". Note that since we have assumed a bounding event, there is an additional
margin of 1.5 in results since the Reg. Guide 1.60 event has not been applied with a ZPA in excess
of 1.0.

For the real seismic event associated with a western U.S. plant having a slightly lower horizontal
ZPA and a reduced vertical ZPA (see Figure 3.4.30). Using the same DLF =2.0 to account for
"rattling" of the confined MPC:

GH=4.1 ; Gv=2.6,

the aforementioned safety factors are:

SF (incipient separation) = 1.076
SF (incipient edging) = 1.372

The increment of baseplate displacement and rotation, up to incipient separation, is computed from
the equilibrium and compatibility equations associated with the free body in Figure 3.4.38 and the
change in stud tension computed. The following formula gives the stud tensile stress in terms of the
initial preload and the incremental change from the application of the horizontal and vertical seismic
load.
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-a +( W -Gv (Ihcg)(c)( GHstud - prcload NA5 ,I5 c5  1 + a .X 2a a ) l-

In the above formula,

N = number of studs = 28 (maximum number based on HI-STORM dimensions). For lower seismic

inputs, this might be reduced (in groups of 4 to retain symmetry).

Astress = tensile stress area of a 2" diameter stud

2c = stud circle diameter

The results demonstrate that there is a relatively small change in stud stress from the initial pre-
tension condition with the ISFSI pad foundation resisting the major portion of the overturning
moment. For the geometry considered (maximum stud free length and nominal pre-stress), the
maximum tensile stress, in the stud increases by 9.1%. The following table summarizes the results
from the quasi-static analysis using minimum ultimate strength for the stud to compute the safety
factors. Note that under the seismic load, the direct stress in the stud is limited to 70% of the stud
ultimate strength (per Appendix F of the ASME Code Section III). The allowable pad compressive
stress is determined from the ACI Code assuming confined concrete and the minimum concrete
compressive strength from Table 2.0.4. Because of the large compressive load at the interface from
the pre-tensioning operation, the large frictional resistance inhibits sliding of the cask. Consequently,
there will be no significant shear stress in the studs. Safety factors for sliding are obtained by
comparing the ratio.of horizontal load to vertical load with the coefficient of friction between steel
and concrete (0.53). Values in parenthesis represent results obtained using ZPA values associated
with the real seismic event for the western U.S. plant instead of the bounding Reg. Guide 1.60 event.

SUMMARY OF RESULTS FOR STUDS AND INTERFACE FROM QUASI-STATIC
SEISMIC EVALUATION WITH DLF = 2.0, Stud Prestress = 60 ksi

Item Calculated Value Allowable Value Safety Factor =

(Allowable

Value/Calculated Value)

Stud Stress(ksi) (42" 65.48 (65.18) 87.5 1.336 (1.343)
stud free length)
Maximum Pad 3.126 (3.039) 4.76 1.52 (1.57)
Pressure (ksi)(42"
stud free length)
Stud Stress (ksi)(16" 73.04 (72.34) 87.5 1.20 (1.21)
stud free length)
Maximum Pad 2.977 (2.898) 4.76 1.60 (1.64)
Pressure(ksi) (16"
stud free length)
Overpack Sliding 0.439 (0.407) 0.53 1.21 (1.31
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The effect of using a minimum stud free length in the embedment design is to increase the values of
the coefficients ct and ax because the stud stiffness increases. The increase in stud stiffness, relative
to the foundation stiffness results in an increase in incremental load on the studs. This is a natural
and expected characteristic of preloaded configurations. It is noted that the stud safety factors are
based on minimum ultimate strength and can be increased, without altering the calculated results, by
changing the stud material.

The quasi-static analysis methodology has also been employed to evaluate the effects of variation in
the initial pre-stress on the studs. The following tables reproduce the results above for the cases of
lower bound stud pre-stress (55 ksi) and upper bound stud pre-stress (65 ksi) on the studs. Only the
results using the values associated with the Reg. Guide 1.60 bounding event are reported.

SUMMARY OF RESULTS FOR STUDS AND INTERFACE FROM QUASI- STATIC
SEISMIC EVALUATION WITH DLF = 2.0, Stud Prestress = 55 ksi

Item Calculated Value Allowable Value Safety Factor=
(Allowable
Value/Calculated Value)

Stud Stress(ksi) (42" 60.48 87.5 1.45
stud free length)
Maximum Pad 3.012 4.76 1.58
Pressure (ksi)(42"
stud free length)
Stud Stress (ksi)(16" 68.07 87.5 1.29
stud free length)
Maximum Pad 2.862 4.76 1.663
Pressure(ksi) (16"
stud free length)
Overpack Sliding 0.488 0.53 1.09

SUMMARY OF RESULTS FOR STUDS AND INTERFACE FROM QUASI- STATIC
SEISMIC EVALUATION WITH DLF = 2.0, Stud Prestress = 65 ksi

Item Calculated Value Allowable Value Safety Factor =
(Allowable
Value/Calculated Value)

Stud Stress(ksi) (42" 70.48 87.5 1.24
stud free length)
Maximum Pad 3.24 4.76 1.47
Pressure (ksi)(42"
stud free length)
Stud Stress (ksi)(16" 78.07 87.5 1.12
stud free length)
Maximum Pad 3.091 4.76 1.54
Pressure(ksi) (16"
stud free length)
Overpack Sliding 0.399 0.53 1.33
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The results above confirm the expectations that an increase in preload increases the safety factor
against sliding. The calculated coefficient of friction in the above tables is computed as the ratio of
applied horizontal load divided by available vertical load. For all combinations examined, ample
margin against incipient separation at the interface exists.

Based on the results from the quasi-static analysis, an assessment of the safety factors in the sector
lugs is obtained by performing a finite element analysis of a repeated element of one of the sector
lugs. Figure 3.4.39 shows the modeled section and the finite element mesh. The stud load is
conservatively applied as a uniform downward pressure applied over a 5"x5" section of the extended
baseplate simulating the washer between two gussets. This is conservative as the rigidity of the
washer is neglected. The opposing pressure loading from the interface pressure is applied as a
pressure over the entire extended baseplate flat plate surface. Only one half the thickness of each
gusset plate is included in the model. The outer shell is modeled as 3/4" thick, which corresponds to
the minimum thickness option per Bill of Material 1575.

Two cases are considered: (1) the pre-loaded state (a Normal Condition of Storage-Level A stress
limits apply); and, (2), the seismic load condition at the location of the maximum tensile load in a
stud (an Accident Condition of Storage - Level D stress intensity limits apply). Figures 3.4.40 and
3.4.41 present the stress results for the following representative input conditions:

Level A analysis - Preload stress/bolt = 60 ksi

Level D analysis - Maximum Bolt stress (includes seismic increment) = 65.5 ksi

In the Level A analysis, the resisting local foundation pressure exactly balances the preload. For the
Level D analysis, the opposing local foundation pressure = 190 psi (average over the area between
gussets). This represents the reduced pressure under the highest loaded stud under the induced
rotation of the storage system.

The most limiting weld stress is obtained by evaluating the available load capacity of the fillet weld
attaching the extended baseplate annulus region to the gussets (approximately 25 inches of weld per
segment) using a limit strength equal to 42% of the ultimate strength of the base material.

The following table summarizes the limiting safety factors for the sector lugs. Allowable values for
primary bending stress and stress intensity are from Tables 3.1.10 and 3.1.12 for SA-516 Grade 70
@ 300 degrees F.
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SUMMARY OF RESULTS FOR SECTOR LUGS FROM QUASI-STATIC SEISMIC EVALUATION
Item Calculated Value Allowable Value Safety Factor =

(Allowable
Value/Calculated Value)

Maximum Primary 15.62 26.3 1.68
Membrane + Bending
Stress Away From Loaded
Region and Discontinuity
(ksi) - Case I - Preload
Maximum Primary 36.67 60.6 1.65
Membrane + Bending
Stress Intensity Away
From Loaded Region and
Discontinuity (ksi) - Case
2 - Preload + Seismic
Maximum Weld Shear 150.8 194.9 1.29
Load (kips) I I _II

c. Dynamic Model and Modeling Assumptions:

The dynamic model of the HI-STORM lO0A System consists of the following major components.

The HI-STORM 100 overpack is modeled as a six degree-of-freedom (rigid body)
component.

ii. The loaded MPC is also modeled as a six degree-of-freedom (rigid body) component
that is free to rattle inside the overpack shell. Gaps between the two bodies reflect the
nominal dimensions from the drawings.

iii. The contact between the MPC and the overpack is characterized by a coefficient of
restitution and a coefficient of friction. For the dynamic analysis, the coefficient of
restitution is set to 0.0, reflecting the large areas of nearly flat surface that come into
contact and have minimal relative rebound. The coefficient of friction is set to 0.5
between all potentially contacting surfaces of the MPC/overpack interface.

iv. The anchor studs, preloaded to axial stress ai (Table 3.4.10), induce a contact stress
between the overpack base and the ISFSI pad. The loaded cask-pad interface can
support a certain amount of overturning moment before an uplift (loss of circularity
of the contact patch) occurs. The anchor studs are modeled as individual linear
springs connecting the periphery of the extended baseplate to the ISFSI pad section.
The resistance of the foundation is modeled by a vertical linear spring and three
rotational springs connected between the cask baseplate center point and the surface.
of the flat plate modeling the driven ISFSI pad. The ISFSI pad is driven with the
three components of acceleration time history applied simultaneously.
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The HI-STORM I OOA dynamic model described above is implemented on the public domain
computer code WORKING MODEL (also known as VisualNastran) (See Subsection 3.6.2 for a
description of the algorithm).

Figures 3.4.42 and 3.4.43 show the rigid body components of the dynamic model before and after
assembly. The linear springs are not shown. Mass and inertia properties of the rigid bodies are
consistent with the bounding property values in Table 3.4.10.

d. Results of Dynamic Analysis:

Figures 3.4.44 -3.4.47 show results of the dynamic analysis using the Reg. Guide 1.60 seismic time
histories as input accelerations to the ISFSI pad. Figure 3.4.44 shows variation in the vertical
foundation compressive force. Figure 3.4.45 shows the corresponding load variation over time for
the stud having the largest instantaneous tensile load. An initial preload of approximately 150,000 lb
is applied to each stud (corresponding to 60,160 psi stud tensile stress). This induces an initial
compression load at the interface approximately equal to 571,000 lb. (including the dead weight of
the loaded HI-STORM). Figures 3.4.44 and 3.4.45 clearly demonstrate that the foundation resists the
majority of the oscillatory and impactive loading as would be expected of a preloaded configuration.
Figure 3.4.46 shows the impulse (between the MPC and HI-STORM IOOA) as a function of time. It
is clear that the "spikes" in both the foundation reaction and the stud load over the total time of the
event are related to the impacts of the rattling MPC. The results provide a graphic demonstration that
the rattling of the MPC inside the overpack must be accounted for in any quasi-static representation
of the event. The quasi-static results presented herein for the anchored system, using a DLF = 2.0,
are in excellent agreement with the dynamic simulation results.

We note that the dynamic simulation, which uses an impulse-momentum relationship to simulate the
rattling contact, leads to results having a number of sharp peaks. Given that the stress intensity limits
in the Code assume static analyses, filtering of the dynamic results is certainly appropriate prior to
comparing with any static allowable strength. We conservatively do not perform any filtering of the
results prior to comparison with the quasi-static analysis; we note only that any filtering of the
dynamic results to eliminate high-frequency effects resulting from the impulse-momentum contact
model would increase the safety factors. Finally, Figure 3.4.47 shows the ratio of the net interface
horizontal force (needed to maintain equilibrium) to the instantaneous compression force at the
ISFSI pad interface with the base of the HI-STORM 1OA. This ratio, calculated at each instant of
time from the dynamic analysis results using the Reg. Guide 1.60 event, represents an instantaneous
coefficient of friction that is required to ensure no interface relative movement. Figure 3.4.47
demonstrates that the required coefficient of friction is below the available value 0.53. Thus, the
dynamic analysis confirms that the foundation interface compression, induced by the preloading
action, is sufficient to maintain a positive margin against sliding without recourse to any resistance
from the studs.

The results of the dynamic analysis using acceleration time histories from the Reg. Guide 1.60
response spectra (grounded at 1.5 g's) confirm the ability of the quasi-static solution, coupled with a
dynamic load factor, to correctly establish structural safety factors for the anchored cask. The
dynamic analysis confirms that stud stress excursions from the preload value are minimal despite the
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large overturning moments that need to be balanced.

A second dynamic simulation has been performed using the seismic time histories appropriate to a
pacific coast U.S. nuclear plant (Figures 3.4.34-3.4.36). The ZPA of these time histories are slightly
less than the Reg. Guide 1.60 time histories but the period of relatively strong motion extends over a
longer time duration. The results from this second simulation exhibit similar behavior as those
results presented above and provide a second confirmation of the validity of the safety factors
predicted by the quasi-static analysis. Reference [3.4.14] (see Subsection 3.8) provides archival
information and backup calculations for the results summarized here.

Stress cycle counting using Figure 3.4.45 suggests 5 significant stress cycles per second provides'a
bounding number for fatigue analysis. A fatigue reduction factor of 4 is appropriate for the studs (per
ASME Code rules). Therefore, a conservative analysis of fatigue for the stud is based on an
alternating stress range of:

S(alt) = .5 x (22,300 psi ) x 4 = 44,600 psi for 5 cycles per second. The value for the stress range is
obtained as the difference between the largest tensile stress excursions from the mean value as
indicated in the figure.

To estimate fatigue life, we use a fatigue curve from the ASME Code for high strength steel bolting
materials (Figure 1.9.4 in Appendix I, ASME Code Section III Appendices) For an amplified
alternating stress intensity range of 44,600 psi, Figure 1.9.4 predicts cyclic life of 3,000 cycles.
Therefore, the safety factor for failure of a stud by fatigue during one Reg. Guide 1.60 seismic event
is conservatively evaluated as:

SF(stud fatigue) = 3,000/100 = 30.

For the long duration event, even if we make the conservative assumption of a nine-fold increase in
full range stress cycles, the safety factor against fatigue failure of an anchor stud from a single
seismic event is 3.33. Recognizing that the fatigue curve itself is developed from test data with a
safety factor of 20 on life and 4 on stress, the results herein demonstrate that fatigue failure of the
anchor stud, from a single seismic event, is not credible.

e. Summary of Interface Loads for ISFSI Pad Design:

Bounding interface loads are set down for use by the ISFSI pad designer and are based on the
validated quasi-static analysis and a dynamic load factor of 2.0:

BOUNDING INTERFACE LOADS FOR ISFSI PAD STRUCTURAL/SEISMIC DESIGN
D (Cask Weight) 360 kips
D (Anchor Preload @ 65 ksi) 4,550 kips
E (Vertical Load) 1,080 kips
E (Net Horizontal Surface ShearLoad) 1,527.35 kips
E (Overturning Moment) 15,083 kip-ft.
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3.4.8 Tornado Wind and Missile Impact (Load Case B in Table 3.1.1 and Load Case 04 in
Table 3.1.5)

During a tornado event, the HI-STORM 100 System is assumed to be subjected to a constant wind
force. It is also subject to impacts by postulated missiles. The maximum wind speed is specified in
Table 2.2.4 and the three missiles, designated as large, intermediate, and small, are described in
Table 2.2.5.

In contrast to a freestanding HI-STORM 100 System, the anchored overpack is capable of
withstanding much greater lateral pressures and impulsive loads from large missiles. The quasi-
static analysis result, presented in the previous subsection, can be. used to determine a maximum
permitted base overturning moment that will provide at least the same stud safety factors. This is
accomplished by setting Gv = 0.0, DLF =1 and finding an appropriate GH that gives equal or better
stud safety factors. The resulting value of G*H establishes the limit overturning moment for
combined tornado missile plus wind., ML. (G*H x Weight x hcg) is conservatively set as the
maximum permissible moment at the base of the cask due to combined action of lateral wind and
tornado missile loading. Thus, if the lateral force from a tornado missile impact is F at height h and
that from steady tornado wind action is a resultant force W acting at cask mid-height (0.5H), and the
two loads are acting synergistically to overturn the cask, then their magnitudes must satisfy the
inequality

0.5WH + Fh•< ML

where the limit moment is established to ensure that the safety factors for seismic load remain
bounding.

ML = 18,667 kip-ft.

Tornado missile impact factors should be factored into "F" prior to determining the validity of the
above inequality for any specific site.

In the case of a freestanding system, the post impact response of the HI-STORM 100 System is
required to assess stability. Both the HI-STORM 100 storage overpack, and the HI-TRAC transfer
cask are assessed for missile penetration.

The results for the post-impact response of the HI-STORM 100 storage overpack demonstrate that
the combination of tornado missile plus either steady tornado wind or instantaneous tornado pressure
drop causes a rotation of the HI-STORM 100 to a maximum angle of inclination less than 3 degrees
from vertical. This is much less than the angle required to overturn the cask. The results for the HI-
STORM 100 are bounding since the HI-STORM IOOS and the HI-STORM IOOS Version B have a
lower center of gravity when loaded. Since Appendix C uses a lower bound cask weight of 302,000
lb, the results are also bounding for HI-STORM overpacks that utilize high density concrete.
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The maximum force (not including the initial pulse due to missile impact) acting on the projected
area of the storage overpack is computed to be:

F = 91,920 lbs.

The instantaneous impulsive force due to the missile strike is not computed here; its effect is felt as
an initial angular velocity imparted to the storage overpack at time equal to zero. The net resultant
force due to the simultaneous pressure drop is not an all-around distributed loading that has a net
resultant, but rather is more likely to be distributed only over 180 degrees (or less) of the storage
overpack periphery. The circumferential stress and deformation field will be of the same order of
magnitude as that induced by a seismic loading. Since the magnitude of the force due to F is less
than the magnitude of the net seismically induced force considered in Subsection 3.4.7, the storage
overpack global stress analysis performed in Subsection 3.4.7 remains governing. In the next
subsection, results are provided for the circumferential stress and ovalization of the portion of the
storage overpack due to the bounding estimate for the impact force of the intermediate missile.

3.4.8.1 HI-STORM 100 Storage Overpack

This subsection considers the post impact behavior of the HI-STORM 100 System after impact from
tornado missiles. During an impact, the system consisting of missile plus storage overpack and MPC
satisfies conservation of linear and angular momentum. The large missile impact is assumed to be
inelastic. This assumption conservatively transfers all of the momentum from the missile to the
system. The intermediate missile and the small missile are assumed to be unyielding and hence the
entire initial kinetic energy is assumed to be absorbed by motion of the cask and local yielding and
denting of the storage overpack surface. It is shown that cask stability is maintained under the
postulated wind and large missile loads. The conclusion is also valid for the HI-STORM IOOS and
for the HI-STORM IOOS Version B with or without the densified concrete shielding option since
their lower centers of gravity inherently provide additional stability margin.

The penetration potential of the missile strikes (Load Case 04 in Table 3.1.5) is examined first. The
detailed calculations show that there will be no penetration through the concrete surrounding the
inner shell of the storage overpack or penetration of the top closure plate. Therefore, there will be no
impairment to the confinement boundary due to missile strikes during a tornado. Since the inner
shell is not compromised by the missile strike, there will be no permanent deformation of the inner
shell. Therefore, ready retrievability is assured after the missile strike. The following paragraphs
summarize the analysis work for the HI-STORM 100.

a. The small missile will dent any surface it impacts, but no significant puncture force
is generated. The 1" missile can enter the air ducts, but geometry prevents a direct
impact with the MPC.

b. The following table summarizes the denting and penetration analysis performed for
the intermediate missile. Denting is used to connote a local deformation mode
encompassing material beyond the impacting missile envelope, while penetration is
used to connote a plug type failure mechanism involving only the target material
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immediately under the impacting missile. The results are applicable to the HI-
STORM 100 and to the HI-STORM 100S. The HI-STORM 100S version B has a
thicker outer shell than the classic HI-STORM 100, and a lid configuration that
consists of a 1" lid cover plate backed by concrete and a 3" thick lid vent shield plate
that acts as a barrier to a top lid missile strike. Therefore, the tabular results
presented below are bounding for the HI-STORM 1O0S Version B.

Thru-Thickness
Location Denting (in.) Pnration

Penetration

Storage overpack outer 6.87' Yes (>0.75 in.)

Shell

Radial Concrete 9.27 No (<27.25 in.)

Storage overpack Top Lid 0.4 No (<4 in.)

Based on minimum outer shell thickness of 3/4". Penetration is less for HI-

STORM 100 and IOOS overpacks with 1" thick outer shell.

The primary stresses that arise due to an intermediate missile strike on the side of the storage
overpack and in the center of the storage overpack top lid are determined next. The analysis of the
storage lid for the HI-STORM 100 bounds that for the HI-STORM 1O0S; because of the additional
energy absorbing material (concrete) in the direct path of a potential missile strike on the top lid of
the HI-STORM lO0S lid, the energy absorbing requirements of the circular plate structure are much
reduced. The analysis demonstrates that Level D stress limits are not exceeded in either the overpack
outer shell or the top lid. The safety factor in the storage overpack, considered as a cantilever beam
under tip load, is computed, as is the safety factor in the top lids, considered as two centrally loaded
plates. The applied load, in each case, is the missile impact load. Similar calculations are performed
for the HI-STORM lOS Version B using the same model and methodology. A summary of the
results for axial stress in the storage overpack is given in the table below with numbers in
parentheses representing the results of calculations for the geometry of the HI-STORM 100S
Version B:

HI-STORM 100 MISSILE IMPACT - Global Axial Stress Results

Item Value (ksi) Allowable (ksi) Safety Factor

Outer Shell - Side 14. 3 5 t(15.1 7) 39.75 2.77t(2.62)

Strike

Top Lid - End Strike 44.14(47.57) 57.0 (50.65) 1.29(1.065a-G)

Based on HI-STORM 100 overpack with inner and outer shell thicknesses of 1-1/4" and 3/4",

respectively. Result is bounding for HI-STORM 100 overpacks made with 1" thick inner and
outer shells because the section modulus of the steel structure is greater.
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To demonstrate ready retrievability of the MPC, we must show that the storage overpack suffers no
permanent deformation of the inner shell that would prevent removal of the MPC after the missile
strike. To demonstrate ready retrievability (for both HI-STORM 100 and for HI-STORM IOOS) a
conservative evaluation of the circumferential stress and deformation state due to the missile strike
on the outer shell is performed. A conservative estimate for the 8" diameter missile impact force,
"Pi", on the side of the storage overpack is calculated as:

Pi = 843,000 lb.

This force is conservative in that the target overpack is assumed rigid; any elasticity serves to reduce
the peak magnitude of the force and increase the duration of the impact. The use of the upper bound
value is the primary reason for the high axial stresses resulting from this force. To demonstrate
continued ability to retrieve the MPC subsequent to the strike, circumferential stress and
deformation that occurs locally in the ring section near the location of the missile strike are
investigated.

Subsection 3.4.7 presents stress and displacement results for a composite ring of unit width
consisting of the inner and outer shells of the storage overpack. The solution assumes that the net
loading is 56,184 lb. applied on the 1" wide ring (equivalent to a 45G deceleration applied uniformly
along the height on a storage overpack weight of 270,000 lb.). This solution can be applied directly
to evaluate the circumferential stress and deformation caused by atornado missile strike on the outer
shell. Using the results for the 45g tipover event, an attenuation factor to adjust the results is
developed that reflects the difference in load magnitude and the width of the ring that is effective in
resisting the missile strike force. The strike force Pi is resisted by a combination of inertia force and
shear resistance from the portion of the storage overpack above and below the location of the strike.
The ring theory solution to determine the circumferential stress and deformation conservatively
assumes that inertia alone, acting on an effective length of ring, balances the applied point load Pi.
The effective width of ring that balances the impact load is conservatively set as the diameter of the
impacting missile (8") plus the effect of the "bending boundary layer" length. This boundary layer
length is conservatively set as a multiple of twice the square root of the product of mean radius times
the average thickness of two shells making up the cylindrical body of the storage overpack. The
mean radius of the composite cylinder and the average thickness of the inner and outer shells are

Rmean = 48"

T =.5 x (.75"+1.25") = 1"

The bending boundary layer "03" in a shell is generally accepted to be given as (2(RmeanT) 2 )1

13.85" for this configuration. That is, the effect of a concentrated load is resisted mainly in a length
along the shell equal to the bending boundary layer. For a strike away from the ends of the shell, a
boundary layer length above and below the strike location would be effective (i.e., double the
boundary layer length). However, to conservatively account for resistance above and below the
location of the strike, this calculated result is only increased by 1.5 in the following analysis (rather
than 2). Therefore, the effective width of ring is assumed as:
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13.85" x 1.5 + 8" = 28.78"

The solution for the 45g tipover event (performed for a unit ring width and a load of 56,184 lb.) is
directly applicable if we multiply all stress and displacement results by the factor "Y" where

Y = (1"/28.78") x (843,000 lb./56,184 lb.) = 0.521

Using this factor gives the following bounding results for maximum circumferential stresses
(without regard for sign and location of the stress) and deformations due to the postulated tornado
missile strike on the side of the storage overpack outer shell:

Maximum circumferential stress due to bending moment = (29,310 psi x Y) = 15,271 psi

Maximum circumferential stress due to mean tangential force = (18,900 lb./2 sq.inch) x Y = 4,923
psi

Change in diameter in the direction of the load = -0.11" x Y = -0.057"

Change in diameter perpendicular to the direction of the load = +0.06" x Y = 0.031"

Based on the above calculation, the safety factor on maximum stress for this condition is

SF = 39,750psi/15,271 psi = 2.60

The allowable stress for the above calculation is the Level D membrane stress intensity limit from
Table 3.1.12. This is a conservative result since the stress intensity is localized and need not be
compared to primary membrane stress intensity. Even with the overestimate of impact strike force
used in the calculations here, the stresses remain elastic and the calculated diameter changes are
small and do not prevent ready retrievability of the MPC. Note that because the stresses remain in
the elastic range, there will be no post-strike permanent deformation of the inner shell.

The above calculations remain valid for the HI-STORM 100S, Version B using normal weight
concrete and are bounding for the case where densified concrete is used.
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3.4.8.2 HI-TRAC Transfer Cask

3.4.8.2.1 Intermediate Missile Strike

HI-TRAC is always held by the handling system while in a vertical orientation completely outside of
the fuel building (see Chapter 2 and Chapter 8). Therefore, considerations of instability due to a
tornado missile strike are not applicable. However, the structural implications of a missile strike
require consideration.

The penetration potential of the 8" missile strike on HI-TRAC (Load Case 04 in Table 3.1.5) is
examined at two locations:

1. the lead backed outer shell of HI-TRAC.
2. the flat transfer lid consisting of multiple steel plates with a layer of lead backing.

In each case, it is shown that there is no penetration consequence that would lead to a radiological
release. The following paragraphs summarize the analysis results.

a. The small missile will dent any surface it impacts, but no significant puncture force
is generated.

b. The following table summarizes the denting and penetration analysis performed for
the intermediate missile. Denting connotes a local deformation mode encompassing
material beyond the impacting missile envelope, while penetration connotes a plug
type failure mechanism involving only the target material immediately under the
impacting missile. Where there is through-thickness penetration, the lead and the
inner plate absorb any residual energy remaining after penetration of the outer plate
in the 100 Ton HI-TRAC transfer lid. The table summarizes the bounding results for
both transfer casks.

Location Denting (in.) Thru-Thickness Penetration

Outer Shell - lead backed 0.498 No (<1.0 in.)

Outer Transfer Lid Door 0.516 No (<0.75 in.) (HI-TRAC 125)
Yes (>0.5 in.) (HI-TRAC 100)

Based on the above results, the intermediate missile will penetrate the ½" thick bottom plate of the
HI-TRAC IOD pool lid. However, the lead and the pool lid top plate will absorb any residual
energy remaining after penetration of the bottom plate. The 8" missile will not penetrate the pool lid
for the H1-TRAC 125D because it has a thicker bottom plate than the HI-TRAC 125 transfer lid
door. In addition, the results for the 8" missile strike on the HI-TRAC outer shell are valid for the
HI-TRAC 125D and the HI-TRAC IOOD since all four transfer casks have the same outer shell
thickness.
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While the transfer cask is being transported in a horizontal orientation, the MPC lid is exposed. We
conservatively assume no protective plate in place during this transport operation and evaluate the
capacity of the lid peripheral groove weld to resist the impact load. The calculated result is as
follows:

HI-TRAC MISSILE IMPACT - Capacity Results

Item Value (lb) Capacity (Ib) Safety Factor =

Capacity/Value

Top Lid Weld 2,262,000 2,789,000 1.23

The final calculation in this subsection is an evaluation of the circumferential stress and deformation
consequences of the horizontal missile strike on the periphery of the HI-TRAC shell. It is assumed
that the HI-TRAC is simply supported at its ends (while in transit) and is subject to a direct impact
from the 8" diameter missile. To compute stresses, an estimate of the peak impact force is required.
The effect of the water jacket to aid in the dissipation of the impact force is conservatively
neglected. The only portion of the HI-TRAC cylindrical body that is assumed to resist the impact
load is the two metal shells. The lead is assumed only to act as a separator to maintain the spacing
between the shells. The previous results from the lead slump analysis demonstrate that this
conservative assumption on the behavior of the lead is valid. The peak value of the impact force is a
function of the stiffness of the target. The target stiffness in this postulated event has the following
contributions to the stiffness of the structure.

a. a global stiffness based on a beam deformation mode, and
b. a local stiffness based on a shell deformation mode

The global spring constant (i.e., the inverse of the global deflection of the cask body as a beam under
a unit concentrated load) is a function of location of the strike along the length of the cask. The
spring constant value varies from a minimum for a strike at the half-height to a maximum value for a
strike near the supports (the trunnions). Since the peak impact force is larger for larger stiffness, it is
conservative to maximize the spring constant value. Therefore, in the calculation, we neglect this
spring constant for the computation of peak impact force and focus only on the spring constant
arising from the local deformation as a shell, in the immediate vicinity of the strike. To this end, the
spring constant is estimated by considering the three-dimensional effects of the shell solution to be
replaced by the two-dimensional action of a wide ring. The width of the ring is equal to the "bending
boundary layer" length on either side of the strike location plus the diameter of the striking missile.
Following the analysis methodology already utilized subsection 3.4.8. 1, the following information is
obtained:
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The mean radius of the composite cylinder and the average thickness of the inner and outer shells,
are (use the 100 Ton HI-TRAC data since it provides an upper bound on stress and deformation):

Rme,,= 36.893

T =,5 x (.75"+1.00") = 0.875"

The bending boundary layer "P3" in a shell is generally accepted to be given as (2(RmeanT)" ). To
account for resistance above and below the location of the strike, this calculated result is
conservatively increased by multiplying by 1.5. Therefore, the effective width of ring is:

11.22" x 1.5 + 8" = 24.84"

The missile impact is modeled as a point load, acting on the ring, of magnitude equal to Pi = 20,570
lb. The use of a point load in the analysis is conservative in that it overemphasizes the local stress.
The actual strike area is an 8" diameter circle (or larger, if the effect of the water jacket were
included).

The force is assumed resisted by inertia forces in the ring section. From the results, a spring constant
can be defined as the applied load divided by the change in diameter of the ring section in the
direction of the applied load. Based on this approach, the following local spring constant is
obtained:

K = Pi/D 1H = Pi/0.019" = 1,083,000 lb./inch

To determine the peak impact force, a dynamic analysis of a two-body system has been performed
using the "Working Model" dynamic simulation code. A two mass-spring damper system is
considered with the defined spring constant representing the ring deformation effect. Figure 3.4.24
shows the results fromn the dynamic analysis of the impact using the computer code "Working
Model". The small square mass represents the missile, while the larger mass represents the portion
of the HI-TRAC "ring" assumed to participate in the local impact. The missile weight is 275.5 lb.
and the participating HI-TRAC weight is set to the weight of the equivalent ring used to determine
the spring constant.

The peak impact force that results in each of the two springs used to simulate the local elasticity of
the HI-TRAC (ring) is:

F(spring) = 124,400 lb.

Since there are two springs in the model, the total impact force is:

P(impact) = 248,800 lb.
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To estimate circumferential behavior of the ring under the impact, the previous solution (using a
load of 20,570 lb.) is used and amplified by the factor "Z", where:

Z = 248,800 lb./20,570 lb. = 12.095

Consequently, the maximum circumferential stress due to the ring moment, away from the impact
location, is:

3,037psi x (69,260 in-lb/180,900 in-lb) x Z = 14,230 psi

At the same location, the mean stress adds an additional component (the ring area is computed based
on the effective width of the ring).

(5,143 lb./43.47 sq.in) x Z = 1431 psi

Therefore, the safety factor on circumferential stress causing ovalization of an effective ring section
that is assumed to resist the impact is:

SF(ring stress) = 39,750 psi/(143 lpsi + 14,230psi) = 2.54

The allowable stress for this safety factor calculation is obtained from Table 3.1.12 for primary
membrane stress intensity for a Level D event at 350 degrees F material temperature. Noting that the
actual circumferential stress in the ring remains in the elastic range, it is concluded that the MPC
remains readily retrievable after the impact since there is no permanent ovalization of the cavity after
the event. As noted previously, the presence of the water jacket adds an additional structural barrier
that has been conservatively neglected in this analysis.

3.4.8.2.2 Large Missile Strike

The effects of a large tornado missile strike on the side (waterjaicket outer enclosure) of a loaded HI-
TRAC has been simulated using a transient finite element model of the transfer cask and loaded
MPC. The transient finite element code LSDYNA3D has been used (approved by the NRC for use in
impact analysis (see Appendix 3.A, reference [3.A.4] for the benchmarking of this computer code)).
An evaluation of MPC retrievability and global stress state (away from the impact area) are of
primary interest. The finite element model includes the loaded MPC, the HI-TRAC inner and outer
shells, the HI-TRAC waterjacket, the lead shielding, and the appropriate HI-TRAC lids. The water
in the water jacket has been neglected for conservatism in the results. The large tornado missile has
been simulated by an impact force-time pulse applied on an area representing the frontal area of an
1800-kg. vehicle. The force-time data used has been previously approved by the USNRC (Bechtel
Topical Report BC-TOP-9A, "Design of Structures for Missile Impact", Revision 2, 9/1974). The
frontal impact area used in the finite element analysis is that area recommended in NUREG-0800,
SRP 3.5.1.4, Revision 2, 1981).
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A summary of the results is presented below for the HI-TRAC 100 and HI-TRAC 125 transfer casks.
Since the dimensions of the inner shell, the outer shell, the lead shielding, and the water jacket
enclosure panels are the same in both the HI-TRAC 125 and the HI-TRAC 125D, the results from
the HI-TRAC 125 are considered accurate for the HI-TRAC 125D. Likewise, the results from the
HI-TRAC 100 are valid for the HI-TRAC 1 OD. The allowable value listed for the stress intensity
for this Level D event comes from Table 3.1.17.

The results from the dynamic analysis have been summarized below.

SUMMARY OF RESULTS FROM LARGE TORNADO MISSILE IMPACT ANALYSIS

ITEM - HI-TRAC 100 CALCULATED VALUE ALLOWABLE VALUE

Maximum Stress Intensity in Water 28.331 58.7
Jacket (ksi)
Maximum Stress Intensity in Inner 11.467 58.7
Shell (ksi)
Maximum Plastic Strain in Water 0.0000932
Jacket
Maximum Plastic Strain in Inner 0.0
Shell II

ITEM - HI-TRAC 125 CALCULATED VALUE ALLOWABLE VALUE

Maximum Stress Intensity in Water 19.073 58.7
Jacket (ksi)
Maximum Stress Intensity in Inner 6.023 58.7
Shell (ksi)
Maximum Plastic Strain in Water 0.0
Jacket
Maximum Plastic Strain in Inner 0.0
Shell

The above results demonstrate that:

I. The retrievability of the MPC in the wake of a large tornado missile strike is not
adversely affected since the inner shell does not experience any plastic deformation.

2. The maximum primary stress intensity, away from the impact interface on the HI-TRAC
water jacket, is below the applicable ASME Code Level D allowable limit for NF, Class
3 structures.
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3.4.9 HI-TRAC Dron Events (Load Case 02.b in Table 3.1.5)

During transit, the HI-TRAC 125 or HI-TRAC 100 transfer cask may be carried horizontally with
the transfer lid in place. Analyses have been performed to demonstrate that under a postulated carry
height; the design basis 45g deceleration is not exceeded. The analyses have been performed using
two different simulation models. A simplified model of the drop event is performed using the
computer simulation code "Working Model 2D". The analysis using "Working Model 2D" assumed
the HI-TRAC and the contained MPC acted as a single rigid body. A second model of the drop event
uses DYNA3D, considers the multi-body analysis of HI-TRAC and the contained MPC as individual
bodies, and is finite element based. In what follows, we outline the problem and the results obtained
using each solution methodology.

3.4.9.1 Working Model 2D Analysis of Drop Event

The analysis model conservatively neglects all energy absorptionby any component of HI-TRAC;
all kinetic energy is transferred to the ground through the spring-dampers that simulate the
foundation (ground). If the HI-TRAC suffers a handling accident causing a side drop to the ground,
impact will only occur at the top and bottom ends of the vessel. The so-called "hard points" are the
top end lifting trunnions, the bottom end rotation trunnions, and the projecting ends of the transfer
lid. Noting that the projecting hard points are of different dimensions and will impact the target at
different times because of the HI-TRAC geometry, any simulation model must allow for this
possibility.

A dynamic analysis of a horizontal drop, with the lowest point on the HI-TRAC assumed 50" above
the surface of the target (larger than the design basis limit of 42"), is considered for the HI-TRAC
125 and for the HI-TRAC 100. Figure 3.4.22 shows the transfer cask orientation. The HI-TRAC is
considered as a rigid body (calculations demonstrate that the lowest beam mode frequency is well
above 33 Hz so that no dynamic amplification need be included). The effects of the ISFSI pad and
the underlying soil are included using a simple spring-damper model based on a static classical
Theory of Elasticity solution. The "worst" orientation of a horizontally carried HI-TRAC with the
transfer cask impacting an elastic surface is considered. The HI-TRAC is assumed to initially impact
the target with the impact force occurring over the rectangular surface of the transfer lid (11.875" x
81"). "Worst" is defined here as meaning an impact at a location having the maximum value of an
elastic spring constant simulating the resistance of the target interface. The geometry and material
properties reflect the USNRC accepted reference pad and soil (Table 2.2.9 - the pad thickness used
is 36" and the Young's Modulus of the elastic soil is the upper limit value E=28,000 psi). The use of
an elastic representation of the target surface is conservative as it minimizes the energy absorption
capacity of the target and maximizes the deceleration loads developed during the impact. The spring
constant is also calculated based on an assumption that impact at the lower end of HI-TRAC first
occurs at the pocket trunnion. The results demonstrate that this spring constant is lower and therefore
would lead to a lower impact force. Therefore, the dynamic analysis of the handling accident is
performed assuming initial impact with the flat rectangular short end of the transfer lid. Subsequent
to the initial impact, the HI-TRAC rotates in accordance with the dynamic equations of equilibrium
and a secondary impact at the top of the transfer cask occurs. The impact is at the edge of the water
jacket.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR •Rev. 5
REPORT HI-2002444 3.4-102

HI-STORM 100 Rev. 5 - 6/21/07



The following table summarizes the results from the dynamic 'analyses (using the Working Model
2D computer code):

HI-TRAC Handling Analysis - Working Model Analysis of Horizontal Drop

Item Value Allowable Safety Factor

HI-TRAC 125 - Primary Impact 32.66 45 1.38
Deceleration (g's)
HI-TRAC 125 - Secondary Impact 26.73 45 1.68
Deceleration (g's)
HI-TRAC 100 - Primary Impact 33.18 45 1.36
Deceleration (g's)
HI-TRAC 100 - Secondary Impact 27.04 45 1.66
Deceleration (g's)

Axial Membrane Stress Due to HI- 19.06 39.75 2.085
TRAC 125 Bending as a Beam -

Level D Drop (psi)

Axial Membrane Stress Due to HI- 15.77 39.75 2.52
TRAC 100 Bending as a Beam -

Level D Drop (psi)

In the table above, the decelerations are measured at points corresponding to the base and top of the
fuel assemblies contained inside the MPC. The dynamic drop analysis reported above, using the
Working Model 2D rigid body-spring model proved that decelerations are below the design basis
value and that global stresses were within allowable limits.

3.4.9.2 DYNA3D Analysis of Drop Event

An independent evaluation of the drop event to delineate the effect of target non-linearity and the
flexibility of the transfer cask has been performed using DYNA3D. Both the HI-TRAC 125 and HI-
TRAC 100 transfer casks are modeled as part of the cask-pad-soil interaction finite element model
set forth in NUREG/CR-6608 and validated by an NRC reviewed and approved Holtec topical report
(see reference [3.A.4] in Appendix 3.A). The model uses the identical MPC and target pad/soil
models employed in the accident analyses of the HI-STORM 100 overpack. The HI-TRAC inner and
outer shells, the contained lead, the transfer lid, the waterjacket metal structure, and the top lids are
included in the model. The water jacket is assumed empty for conservatism.

Two side drop orientations are considered (see Figures 3.4.27 and 3.4.28). The first drop assumes
that the plane of the lifting and rotation trunnions is horizontal with primary impact on the short side
of the transfer lid. This maximizes the angle of slapdown, and represents a credible drop
configuration where the HI-TRAC cask is dropped while being carried horizontally. The second
drop orientation assumes primary impact on the rotation trunnion and maximizes the potential for
the lifting trunnion to participate in the secondary impact. This is a non-credible event that assumes
complete separation from the transfer vehicle and a ninety-degree rotation prior to impact.
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Nevertheless, it is the only configuration where the trunnions could be involved in both primary and
secondary impacts.

For each simulation performed, the lowest point on the HI-TRAC cask (either the transfer lid edge or
the rotation trunnion) is set at 42" above the target interface. Decelerations are measured at the top
lid, the cask centroidal position, and the transfer lid. Normal forces were measured at the primary
impact interface, at the secondary impact interface, and at the top lid!MPC interface. Decelerations
are filtered at 350 Hz.

The following key results summarize the analyses:

ITEM HI-TRAC 125 HI-TRAC 100 ALLOWABLE

Initial Orientation of Trunnions Horizontal Vertical Horizontal Vertical

Max. Top Lid Vertical Deceleration 25.5 32 36.5 451 45
- Secondary Impact (g's)

Centroid Vertical Deceleration - at 9.0 13.0 10.0 17.5 45
Time of Secondary Impact (g's)

Max. Transfer Lid Vertical 30.8 23.5 35.0 31.75 45
Deceleration - Primary Impact
(g's)

Maximum Normal Force at Primary 1,950. 1,700 1,700 1,700
Impact Site (kips)

Maximum Normal Force at 1,300. 1,850. 1,500. 1,450.
Secondary Impact Site (kips)

Maximum MPC/Top Lid Interface 132. - 39. -

Force (kips)

Maximum Diametral Change of 0.228 0.113 Not 0.067 0.3725

Inner Shell (inch) Computed

Maximum Von Mises Stress (ksi) 37.577 38.367 40.690 40.444 58.7*

The deceleration at the top of the basket is estimated at 41 g's
* Allowable Level D Stress Intensity for Primary Plus Secondary Stress Intensity

The results summarized above demonstrate that both the HI-TRAC 125 and HI-TRAC 100 transfer
casks are sufficiently robust to perform their function during and after the postulated handling
accidents. We also note that the results, using the Working Model single rigid body dynamic model
(see Subsection 3.4.9.1), are in reasonable agreement with the results predicted by the DYNA3D
multi-body finite element dynamic model although performed for a different drop height with
deceleration measurements at different locations on the HI-TRAC.
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The results reported above for maximum interface force at the top lid/MPC interface are used as
input to a separate analysis, which demonstrates that the top lid contains the MPC during and after a
handling accident. The results reported above for the maximum normal force at the primary impact
site (the transfer lid) have been used to calculate the maximum interface force at the bottom
flange/transfer lid interface. This result is needed to insure that the interface forces used to evaluate
transfer lid separation are indeed bounding. To obtain the interface force between the HI-TRAC
transfer lid and the HI-TRAC bottom flange, it is sufficient to take a free-body of the transfer lid and
write the dynamic force equilibrium equation for the lid. Figure 3.4.29 shows the free body with
appropriate notation. The equation of equilibrium is:

MT~TLL = F1 -GI

where

MTL = the mass of the transfer lid
aTL = the time varying acceleration of the centroid of the transfer lid
F, = the time varying contact force at the interface with the target
G= the time varying interface force at the bottom flange/transfer lid interface

Solving for the interface force give the result

G, =FI -MTLaTL

Using the appropriate transfer lid mass and acceleration, together with the target interface force
at the limiting time instant, provides values for the interface force. The table below provides the
results of this calculation for the HI-TRAC 125 and HI-TRAC 100 transfer casks.

Item Calculated from
Equilibrium (kips)

HI-TRAC 125 - Trunnions 1,183.
Horizontal

HI-TRAC 125 - Trunnions 1,272.
Vertical

HI-TRAC 100 - Trunnions 1,129.
Horizontal

HI-TRAC 100 - Trunnions 1,070.
Vertical
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3.4.9.3 Horizontal Drop of HI-TRAC 125D

The previous subsection addressed the 42" horizontal drop of the HI-TRAC 125 and HI-TRAC 100,
including an evaluation of the bolted connection between the transfer lid, which sustains the primary
impact, and the cylindrical body of the loaded HI-TRAC. The HI-TRAC 12.5D does not have a
bolted connection between the bottom flange and the cylindrical body of the cask. However, the
transverse protrusions (bottom flange, lifting trunnions, and optional attachment lugs/support tabs at
the top of the cask) spawn different impact scenarios. The uncontrolled lowering of the cask is
assumed to occur from a height of 42" measured to the lowest location on the HI-TRAC 125D in the
horizontal orientation.

The maximum decelerations for the HI-TRAC 125D are comparable to the drop results for the HI-
TRAC 125 when the plane of the lifting and rotation trunnions is vertical. Although the HI-TRAC
125D has no rotation trunnions, its bottom flange extends radially beyond the water jacket shell by
approximately the same amount as the HI-TRAC 125 rotation trunnions and thereby establishes a
similar "hard point" for primary impact in terms of distance from the cask centerline. More
important, because the bottom flange is positioned closer to the base of the HI-TRAC 125D than the
rotation trunnions are in the HI-TRAC 125, the slap-down angle for the HI-TRAC 125D is less. The
shallower angle decreases the participation of the lifting trunnion during the secondary impact, and
increases the participation of the water jacket shell. Since themwater jacket shell is a more flexible
structure than the lifting trunnion, the deceleration of the HI-TRAC 125D cask during secondary
impact is slightly less than the calculated deceleration of the HI-TRAC 125. In the HI-TRAC 125D,
there is no bolted connection at the bottom flange/cask body interface that is active in load transfer
from the flange to the cask body. It is therefore concluded that this drop scenario for the HI-TRAC
125D is bounded by the similar evaluation for the HI-TRAC 125. The same rationale applies to the
HI-TRAC IOOD versus the HI-TRAC 100. In fact, the protruding segments of the HI-TRAC IOOD
bottom flange are not in the same impact plane as the lifting trunnions; therefore, a secondary impact
involving a lifting trunnion is not possible. Therefore, the drop scenarios analyzed for the HI-TRAC
100 bound any 42" horizontal drop of a HI-TRAC IOOD.

A second HI-TRAC 125D drop scenario, where the two attachment lugs/support tabs are oriented in
a vertical plane, is the most limiting scenario. This drop event is unique to HI-TRAC 125D serial
numbers 3 and 4, since these are the only two transfer casks fabricated with attachment lugs/support
tabs. The tab dimensions are such that primary impact occurs at the top end of the cask when the
support tabs impact the target surface, followed by a slap-down and a secondaryimpact at the
bottom flange. Note that this drop scenario does not exist for the HI-TRAC IOOD since it is has no
attachment lugs/support tabs.

The evaluation of the limiting HI-TRAC 125D drop scenario is performed using the computer code
Working Model 3D (WM) (now known as Visual Nastran Desktop). First, the WM code is used to
simulate the "Scenario A" drop of the HI-TRAC 125 in order to establish appropriate parameters to
"benchmark" WM against the DYNA3D solution. The table below summarizes the results of the
Working Model/DYNA3D benchmark comparison. Figure 3.4.48 shows the benchmark
configuration after the drop event.
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Comparison of HI-TRAC 125 Drop Results (Scenario A)
DYNA3D Working Model

Vertical Deceleration of Top 32 33.49
Lid (secondary impact) g's
Vertical Deceleration at
Bottom Lid (primary impact 23.5 23.59
on rotation trunnion) g's

The benchmarked Working Model simulation was then modified to simulate the second drop
scenario of the HI-TRAC 125D with support tabs in a vertical plane; primary impact now occurred
at the top end with secondary impact at the bottom flange. Figure 3.4.49 shows the configuration of
the HI-TRAC 125D after this scenario. The impact parameters were unchanged from the benchmark
model except for location. The acceleration results from the 42" horizontal drop of the HI-TRAC
125D in this second drop scenario are summarized below.

Results From HI-TRAC 125D 42" Drop
Vertical Deceleration of Top Lid (primary 36.75
impact on support tab) g's
Vertical Deceleration of Pool Lid (secondary 29.27
impact on bottom flange) g's

The resulting g loads at the top of the active fuel region for the HI-TRAC 125D, with primary
impact on the support tabs, are increased over the loads computed for the HI-TRAC 125 but
remain well below the design basis limit.

Finally, stress calculations similar to those presented in Subsection 3.4.9.1 for the HI-TRAC 125
have also been performed for the HI-TRAC 125D using the above maximum decelerations. The
table below summarizes the results:

Item Value Allowable Safety Factor

Axial Membrane Stress Due to HI- 26.13 39.75 1.521
TRAC 125D Bending as a Beam -
Level D Drop (psi)

Shear Stress in Outer Shell 27.43 29.40 1.072
Circumferential Weld Due to HI-
TRAC 125D Bending as a Beam -

Level D Drop (psi)
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3.4.10 HI-STORM 100 Non-Mechanistic Tip-over and Vertical Drop Event (Load Cases
02.a and 02.c in Table 3.1.5)

Pursuant to the provision in NUREG- 1536, a non-mechanistic tip-over of a loaded HI-STORM 100
System onto the ISFSI pad is considered in this report. Analyses are also performed to determine
the maximum deceleration sustained by a vertical free fall of a loaded HI-STORM 100 System from
an I I" height onto the ISFSI pad. The objective of the analyses is to demonstrate that the plastic
deformation in the fuel basket is sufficiently limited to permit the stored SNF to be retrieved by
normal means, does not have a adverse effect on criticality safety, and that there is no significant
loss of radiation shielding in the system.

Ready retrievability of the fuel is presumed to be ensured: if global stress levels in the MPC
structure meet Level D stress limits during the postulated drop events; if any plastic deformations are
localized; and if no significant permanent ovalization oftheoverpack into the MPC envelope space,
remains after the event.

Subsequent to the accident events, the storage overpack must be shown to contain the shielding so
that unacceptable radiation levels do not result from the accident.

Appendix 3.A provideg a description of the dynamic finite element analyses undertaken to establish
the decelerations resulting from the postulated event. A non-mechanistic tip-over is considered
together with an end drop of a loaded HI-STORM 100 System. A dynamic finite element analysis of
each event is performed using a commercial finite element code well suited for such dynamic
analyses with interface impact and non-linear material behavior. This code and methodology have
been fully benchmarked against Lawrence Livermore Laboratories test data and correlation [3.4.12].

The table below provides the values of computed peak decelerations at the top of the fuel basket for
the vertical drop and the non-mechanistic tipover scenarios. It is seen that the peak deceleration is
below 45 g's.

Filtered Results for Drop and Tip-Over Scenarios for HI-STORM

Max. Deceleration at the Top of the Basket (g's)
Drop Event Set A(36" Thick Pad) Set B(28" Thick Pad)

End Drop for 11 43.98 41.53
Inches

Non-Mechanistic 42.85 39.91
Tip-over

The tipover analysis performed in Appendix 3.A is based on the HI-STORM 100 geometry and a
bounding weight. The fact that the HI-STORM 100S(232) is shorter and has a lower center of
gravity suggests that the impact kinetic energy is reduced so that the target would absorb the energy
with a lower maximum deceleration. However, since the actual weight of a HI-STORM 100S(232) is
less than that of a HI-STORM 100 by a significant amount, the predicted maximum rigid body
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deceleration would tend to increase slightly. Since there are two competing mechanisms at work, it
is not a foregone conclusion that the maximum rigid body deceleration level is, in fact, reduced if a
HI-STORM 100S(232) suffers a non-mechanistic tipover onto the identical target as the HI-STORM
100. The situation is clearer for the HI-STORM 100S(243), which is virtually equal in weight to the
HI-STORM 100, yet its center of gravity when loaded is almost one inch lower. In what follows,
we present a summary of the analysis undertaken to demonstrate conclusively that the result for
maximum deceleration level in the HI-STORM 100 tipover event does bound the corresponding
value for the HI-STORM 1 OOS(232), and, therefore, we need only perform a detailed dynamic finite
element analysis for the HI-STORM 100.

Appendix 3.A presents a result for the angular velocity of the cylindrical body representing a HI-
STORM 100 just prior to impact with the defined target. The result is expressed in Subsection 3.A.6
in terms of the cask geometry, and the ratio of the mass divided by the mass moment of inertia about
the comer point that serves as the rotation origin. Since the mass moment of inertia is also linearly
related to the mass, the angular velocity at the instant just prior to target contact is independent of
the cask mass. Subsequent to target impact, we investigate post-impact response by considering the
cask as a cylinder rotating into a target that provides a resistance force that varies linearly with
distance from the rotation point. We measure "time" as starting at the instant of impact, and develop
a one-degree-of freedom equation for the post-impact response (for the rotation angle into the target)
as:

0 +0)20 =0

where

~kL 3

31A

The initial conditions at time=0 are: the initial angle is zero and the initial angular velocity is equal
to the rigid body angular velocity acquired by the tipover from the center-of-gravity over comer
position. In the above relation, L is the length of the overpack, I is the mass moment of inertia
defined in Appendix 3.A, and k is a "spring constant"associated with the target resistance. If we
solve for the maximum angular acceleration subsequent to time = 0, we obtain the result in terms of
the initial angular velocity as:

6 max =0)0

If we form the maximum linear acceleration at the top of the four-inch thick lid of the overpack, we
can finally relate the decelerations of the HI-STORM 100 and the HI-STORM 100S(232) solely in
terms of their geometry properties and their mass ratio. The value of"k", the target spring rate is the
same for both overpacks so it does not appear in the relationship between the two decelerations.
After substituting the appropriate geometry. and calculated masses, we determine that the ratio of
maximum rigid body decelerations at the top surface of the four-inch thick top lid plates is:
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A Hi-STORM 100S( 23 2 )/A HI-STORM 100 = 0.946

Therefore, as postulated, there is no need to perform a separate DYNA3D analysis for the HI-
STORM 100S hypothetical tipover.

Moreover, according to Appendix 3.A, analysis of a single mass impacting a spring with a given
initial velocity shows that the maximum deceleration "aM" of the mass is related to the dropped
weight "w" and the drop height "h" as follows:

In other words, as the dropped weight increases, the maximum deceleration of the mass decreases.
Therefore, the rigid body decelerations calculated in Appendix 3.A serve as a conservative upper
bound for the densified concrete shielding option.

The same considerations apply to the HI-STORM IOOS Version B. The overall lengths are reduced
from the classic HI-STORM 100, but the actual weights may be reduced. Therefore, calculations
similar to those given above for the HI-STORM lOS are needed to conclusively demonstrate that
the non-mechanistic tipover analysis of the classic HI-STORM 100 remains bounding. The results of
the calculations, which demonstrate that the design basis limits are met, are presented below together
with maximum G levels computed for the 11" vertical drop:

ITEM A HI-STORM 100S VERSION A HI-STORM 100S VERSION Max. Calculated G
B 218)/A HI-STORM 100 B(229)/A HI-STORM 100 Level 11" Drop

HI-STORM 100S 0.91 44.378
Version B(218)
HI-STORM 100S - 0.98 43.837
Version B(229) I I I I

A simple elastic strength of materials calculation is performed to demonstrate that the cylindrical
storage overpack will not permanently deform to the extent that the MPC cannot be removed by
normal means after a tip-over event. The results demonstrate that the maximum diametrical closure
of the cylindrical cavity is less than the initial clearance between the overpack MPC support
channels and the MPC canister. Primary circumferential membrane stresses in the MPC shell
remain in the elastic range during a tip-over (see Table 3.4.6 summary safety factors); therefore, no
permanent global ovalization of the MPC shell occurs as a result of the drop.

To demonstrate that the shielding material will continue to perform its function after a tip-over
accident, the stress and strain levels in the metal components of the storage overpack are examined
at the end of the tip-over event. The results obtained in Appendix 3.A for impact decelerations
conservatively assumed a rigid storage overpack model to concentrate nearly all energy loss in the
target. However, to assess the state of stress and strain in the storage overpack after an accident
causing a tip-over, the tip-over analysis was also performed using a non-rigid storage overpack
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model using overpack material properties listed in Appendix 3.A. Figure 3.4.13 shows the calculated
von Mises stress in the top lid and outer shell at 0.08 seconds after the initiation of impact. Figure
3.4.14 shows the residual plastic strains in the same components. Figures 3.4.15 and 3.4.16 provide
similar results for the inner shell, the radial plates, and the support channelst. The results show that
while some plastic straining occurs, accompanied by stress levels above the yield stress of the
material, there is no tearing in the metal structure which confines the radiation shielding (concrete).
Therefore, there is no gross failure of the metal shells enclosing the concrete. The shielding concrete
will remain inside the confines of the storage overpack and maintain its performance after the
tipover event. Although the preceding results are based on an overpack model having inner and outer
shell thicknesses of 1- 1/4" and 3/4", respectively, the conclusion holds for the optional HI-STORM
design with 1" thick inner and outer shells since having a thicker steel shell at the primary point of
impact provides more strength and greater protection against a cavity breach. The results from these
analyses are also applicable to the HI-STORM IOOS and the HI-STORM IOOS, Version B since the
structural material at the top of the cask that would be locally deformed after a tipover event is
essentially the same.

3.4.11 Storage Overpack and HI-TRAC Transfer Cask Service Life

The term of the IOCFR72, Subpart L C of C, granted by the NRC is 20 years; therefore, the License
Life (please see glossary) of all components is 20 years. Nonetheless, the HI-STORM 100 and IOOS
Storage overpacks and the HI-TRAC transfer cask are engineered for 40 years of design life, while
satisfying the conservative design requirements defined in Chapter 2, including the regulatory
requirements of 10CFR72. In addition, the storage overpack and HI-TRAC are designed, fabricated,
and inspected under the comprehensive Quality Assurance Program discussed in Chapter 13 and in
accordance with the applicable requirements of the ACI and ASME Codes. This assures high design
margins, high quality fabrication, and verification of compliance through rigorous inspection and
testing, as describe in Chapter 9 and the design drawings in Section 1.5. Technical Specifications
defined in Chapter 12 assure that the integrity of the cask and the contained MPC are maintained
throughout the components' design life. The design life of a component, as defined in the Glossary,
is the minimum duration for which the equipment or system is engineered to perform its intended
function if operated and maintained in accordance with the FSAR. The design life is essentially the
lower bound value of the. service life, which is the expected functioning life of the component or
system. Therefore, component longevity should be: licensed life < design life < service life. (The
licensed life, enunciated by the USNRC, is the most pessimistic estimate of a component's life
span.) For purposes of further discussion, we principally focus on the service life of the HI-STORM
100 System components that, as stated earlier, is the reasonable expectation of equipment's
functioning life span.

The service life of the storage overpack and HI-TRAC transfer cask is further discussed in the
following sections.

During fabrication the channels are attached to the inner shell by one of two methods, either the channels are
welded directly to the inner shell or they are welded to a pair of L-shaped angles (i.e., channel mounts) that are
pre-fastened to the inner shell. The results presented in Figures 3.4.16a and 3.4.16b bound the results from both
methods of attachment.
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3.4.11.1 Storage Overpack

The principal design considerations that bear on the adequacy of the storage overpack for the service
life are addressed as follows:

Exposure to Environmental Effects

In the following text, all references to HI-STORM 100 also apply to HI-STORM IOOS and to the
HI-STORM lOS Version B. All exposed surfaces of HI-STORM 100 are made from ferritic steels
that are readily painted. Concrete, which serves strictly as a shielding material, is completely
encased in steel. Therefore, the potential of environmental vagaries such as spalling of concrete, are
ruled out for HI-STORM 100. Under normal storage conditions, the bulk temperature of the HI-
STORM 100 storage overpack will, because of its large thermal inertia, change very gradually with
time. Therefore, material degradation from rapid thermal ramping conditions isnot credible for the
HI-STORM 100 storage overpack. Similarly, corrosion of structural steel embedded in the concrete
structures due to salinity in the environment at coastal sites is not a concern for HI-STORM 100
because HI-STORM 100 does not rely on rebars (indeed, it contains no rebars). As discussed, in
Appendix 1.1D, the aggregates, cement and water used in the storage cask concrete are carefully
controlled to provide high durability and resistance to temperature effects. The configuration of the
storage overpack assures resistance to freeze-thaw degradation. In addition, the storage overpack is
specifically designed for a full range of enveloping design basis natural phenomena that could occur
over the 40-year design life of the storage overpack as defined in Subsection 2.2.3 and evaluated in
Chapter 11.

Material Degradation

The relatively low neutron flux to which the storage overpack is subjected cannot produce
measurable degradation of the cask's material properties and impair its intended safety function.
Exposed carbon steel components are coated to prevent corrosion. The controlled environment of the
ISFSI storage pad mitigates damage due to direct exposure to corrosive chemicals that may be
present in other industrial applications.

Maintenance and Inspection Provisions

The requirements for periodic inspection and maintenance of the storage overpack throughout the
40-year design life are defined in Chapter 9. These requirements include provisions for routine
inspection of the storage overpack exterior and periodic visual verification that the ventilation flow
paths of the storage overpack are free and clear of debris. ISFSIs located in areas subject to
atmospheric conditions that may degrade the storage cask-or canister should be evaluated by the
licensee on a site-specific basis to determine the frequency for such inspections to assure long-term
performance. In addition, the HI-STORM 100 System is designed for easy retrieval of the MPC
from the storage overpack should it become necessary to perform more detailed inspections and
repairs on the storage overpack.
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The above findings are consistent with those of the NRC's Waste Confidence Decision Review
[3.4.11 ], which concluded that dry storage systems designed, fabricated, inspected, and operate in
accordance with such requirements are adequate for a 100-year service life while satisfying the
requirements of 10CFR72.

3.4.11.2 Transfer Cask

The principal design considerations that bear on the adequacy of the HI-TRAC Transfer Cask for the
service life are addressed as follows:

Exposure to Environmental Effects

All transfer cask materials that come in contact with the spent fuel pool are coated to facilitate
decontamination. The HI-TRAC is designed for repeated normal condition handling operations with
high factor of safety, particularly for the lifting trunnions, to assure structural integrity. The resulting
cyclic loading produces stresses that are well below the endurance limit of the trunnion material, and
therefore, will not lead to a fatigue failure in the transfer cask. All other off-normal or postulated
accident conditions are infrequent or one-time occurrences that do not contribute significantly to
fatigue. In addition, the transfer cask utilizes materials that are not susceptible to brittle fracture
during the lowest temperature permitted for loading, as discussed in Chapter 12.

Material Degradation

All transfer cask materials that are susceptible to corrosion are coated. The controlled environment
in which the HI-TRAC is used mitigates damage due to direct exposure to corrosive chemicals that
may be present in other industrial applications. The infrequent use and relatively low neutron flux to
which the HI-TRAC materials are subjected do not result in radiation embrittlement or degradation
of the HI-TRAC's shielding materials that could impair the HI-TRAC's intended safety function. The
HI-TRAC transfer cask materials are selected for durability and wear resistance for their
deployment.

Maintenance and Inspection Provisions

The requirements for periodic inspection and maintenance of the HI-TRAC transfer cask throughout
the 40-year design life are defined in Chapter 9. These requirements include provisions for routine
inspection of the HI-TRAC transfer cask for damage prior to each use, including an annual
inspection of the lifting trunnions. Precautions are taken during lid handling operations to protect the
sealing surfaces of the pool lid. The leak tightness of the liquid neutron shield is verified
periodically. The water jacket pressure relief valves and other fittings used can be easily removed.
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3.4.12 MPC Service Life

The term of the 1OCFR72, Subpart L C of C, granted by the NRC (i.e., licensed life) is 20 years.
Nonetheless, the HI-STORM 100 MPC is designed for 40 years of design life, while satisfying the
conservative design requirements defined in Chapter 2, including the regulatory requirements of
10CFR72. Additional assurance of the integrity of the MPC and the contained SNF assemblies
throughout the 40-year life of the MPC is provided through the following:

Design, fabrication, and inspection in accordance with the applicable requirements of the
ASME Code as described in Chapter 2 assures high design margins.

Fabrication and inspection performed in accordance with the comprehensive Quality
Assurance program discussed in Chapter 13 assures competent compliance with the
fabrication requirements.

Use of materials with known characteristics, verified through rigorous inspection and testing,
as described in Chapter 9, assures component compliance with design requirements.

Use of welding procedures in full compliance with Section III of the ASME Code ensures
high-quality weld joints.

Technical Specifications, as defined in Chapter 12, have been developed and imposed on the MPC
that assure that the integrity of the MPC and the contained SNF assemblies are maintained
throughout the 40-year design life of the MPC.

The principal design considerations bearing on the adequacy of the MPC for the service life are.
summarized below.

Corrosion

All MPC materials are fabricated from corrosion-resistant austenitic stainless steel and passivated
aluminum. The corrosion-resistant characteristics of such materials for dry SNF storage canister
applications, as well as the protection offered by these materials against other material degradation
effects, are well established in the nuclear industry. The moisture in the MPC is removed to
eliminate all oxidizing liquids and gases and the MPC cavity is backfilled with dry inert helium at
the time of closure to maintain an atmosphere in the MPC that provides corrosion protection for the
SNF cladding throughout the dry storage period. The preservation of this non-corrosive atmosphere
is assured by the inherent sealworthiness of the MPC confinement boundary integrity (there are no
gasketed joints in the MPC).

Structural Fatigue

The passive non-cyclic nature of dry storage conditions does not subject the MPC to conditions that
might lead to structural fatigue failure. Ambient temperature and insolation cycling during normal
dry storage conditions and the resulting fluctuations in MPC thermal gradients and internal pressure
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is the only mechanism for fatigue. These low stress, high-cycle conditions cannot lead to a fatigue
failure of the MPC that is made from stainless alloy stock (endurance limit well in excess of 20,000
psi). All other off-normal or postulated accident conditions are infrequent or one-time occurrences,
which cannot produce fatigue failures. Finally, the MPC uses materials that are not susceptible to
brittle fracture.

Maintenance of Helium Atmosphere

The inert helium atmosphere in the MPC provides a non-oxidizing environment for the SNF
cladding to assure its integrity during long-term storage. The preservation of the helium atmosphere
in the MPC is assured by the robust design of the MPC confinement boundary described in Section
7.1. Maintaining an inert environment in the MPC mitigates conditions that might otherwise lead to
SNF cladding failures. The required mass quantity of helium backfilled into the canister at the time
of closure and the associated fabrication and closure requirements for the canister are specifically set
down to assure that an inert helium atmosphere is maintained in the canister throughout the 40-year
design life.

Allowable Fuel Cladding Temperatures

The helium atmosphere in the MPC promotes heat removal and thus reduces SNF cladding
temperatures during dry storage. In addition, the SNF decay heat will substantially attenuate over a
40-year dry storage period. Maintaining the fuel cladding temperatures below allowable levels
during long-term dry storage mitigates the damage mechanism that might otherwise lead to SNF
cladding failures. The allowable long-term SNF cladding temperatures used for thermal acceptance
of the MPC design are conservatively determined, as discussed in Section 4.3.

Neutron Absorber Boron Depletion

The effectiveness of the fixed borated neutron absorbing material used in the MPC fuel basket
design requires that sufficient concentrations of boron be present to assure criticality safety during
worst case design basis conditions over the 40-year design life of the MPC. Information on the
characteristics of the borated neutron absorbing material used in the MPC fuel basket is provided in
Subsection 1.2.1.3.1. The relatively low neutron flux, which will continue to decay over time, to
which this borated material is subjected, does not result in significant depletion of the material's
available boron to perform its intended safety function. In addition, the boron content of the material
used in the criticality safety analysis is conservatively based on the minimum specified boron areal
density (rather than the nominal), which is further reduced by 25% for analysis purposes, as
described in Section 6.1. Analysis discussed in Section 6.3.2 demonstrates that the boron depletion
in the neutron absorber material is negligible over a 50-year duration. Thus, sufficient levels of
boron are present in the fuel basket neutron absorbing material to maintain criticality safety
functions over the 40-year design life of the MPC.
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The above findings are consistent with those of the NRC's Waste Confidence Decision Review,
which concluded that dry storage systems designed, fabricated, inspected, and operated in the
manner of the requirements set down in this document are adequate for a 100-year service life, while
satisfying the requirements of 1OCFR72.

3.4.13 Design and Service Life

The discussion in the preceding sections seeks to provide the logical underpinnings for setting the
design life of the storage overpacks, the HI-TRAC transfer cask, and the MPCs as forty years.
Design life, as stated earlier, is a lower bound value for the expected performance life of a
component (service life). If operated and maintained in accordance with this Final Safety Analysis
Report, Holtec International expects the service life of its HI-STORM 100 and HI-STORM 100S
Version's components to substantially exceed their design life values.
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Table 3.4.1

FINITE ELEMENTS IN THE MPC STRUCTURAL MODELS

MPC Type Model Type

Element Type Basic 0 Degree Drop 45 Degree Drop

MPC-24 1068 1114 1113

BEAM3 1028 1028 1028

PLANE82 0 0 0

CONTAC 12 40 38 38

CONTAC26 0 45 45

COMBIN14 0 3 2

MPC-32 1374 1604 1603

BEAM3 1346 1346 1346

CONTAC 12 28 27 24

CONTAC26 0 229 228

COMB1N14 0 2 5

MPC-68 1842 2066, 2063

BEAM3 1782 1782 1782

PLANE82 16 16 16

CONTAC 12 44 43 40

CONTAC26 0 223 222

COMBIN14 0 2 3

MPC-24E 1070 1124 1122

BEAM3 1030 1030 1030

PLANE82 0 0 0

CONTAC 12 40 38 38

CONTAC26 0 53 52

COMB[NI4 0 3 2
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TABLE 3.4.2
HI-STORM 100 SYSTEM MATERIAL COMPATIBILITY

WITH OPERATING ENVIRONMENTS

Fuel Pool ISFSI Pad
Material/Component (Borated and Unborated Water)t (Open to Environment)

Alloy X: Stainless steels have been extensively used in spent fuel The MPC internal environment will be an inert (helium)
storage pools with both borated and unborated water with no atmosphere and the external surface will be exposed to
adverse reactions or interactions with spent fuel. ambient air. No adverse interactions identified.

MPC Fuel Basket
MPC Baseplate
MPC Shell
MPC Lid
MPC Fuel Spacers

Aluminum: Aluminum and stainless steel form a galvanic couple. In a non-aqueous atmosphere, galvanic corrosion is not
However, aluminum will be used in a passivated state. Upon expected.

Heat Conduction passivation, aluminum forms a thin ceramic (A120 3) barrier.
Elements Therefore, during the short time they are exposed to pool

water, significant corrosion of aluminum or production of
hydrogen is not expected (see operational requirements under
"Neutron Absorber Material" below).

Neutron Absorber Material: Extensive in-pool experience on spent fuel racks with no No adverse potential reactions identified.
adverse reactions. See Chapter 8 for additional requirements
for combustible gas monitoring and required actions for
control of combustible gas accumulation under the MPC lid.

t HI-TRAC/MPC short-term operating environment during loading and unloading.
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TABLE 3.4.2 (CONTINUED)
HI-STORM 100 SYSTEM MATERIAL COMPATIBILITY

WITH OPERATING ENVIRONMENTS

Fuel Pool ISFSI PadMaterial/Component (Borated and Unborated Water)t (Open to Environment)

Steels: All exposed steel surfaces (except seal areas, and pocket Internal surfaces of the HI-TRAC will be painted and
- SA350-LF2 trunnions) will be coated with paint specifically selected for maintained. Exposed external surfaces (except those listed in
- SA350-LF3 performance in the operating environments. Even without fuel pool column) will be painted and will be maintained with
- SA203-E coating, no adverse reactions (other than nominal corrosion) a fully painted surface. No adverse reactions identified.
- SA515 Grade 70 have been identified.
- SA516 Grade 70 Lid bolts are plated and the threaded portion of the bolt
- SA193 Grade B7 anchor blocks is coated to seal the threaded area.
- SA106 (HI-TRAC)

Steels: HI-STORM 100 storage overpack is not exposed to fuel pool Internal and external surfaces will be painted (except for bolt
environment. locations that will have protective coating). External surfaces

- SA516 Grade 70 will be maintained with a fully painted surface. No adverse
- SA203-E reaction identified.
- SA350-LF3
- A36

Storage Overpack

Stainless Steels: Stainless steels have been extensively used in spent fuel Stainless steel has a long proven history of corrosion
storage pools with both borated and unborated water with no resistance when exposed to the atmosphere. These materials

- SA240 304 adverse reactions. are used for bolts and threaded inserts. No adverse reactions
- SA193 Grade B8 with steel have been identified. No impact on performance.
- 18-8 S/S

Miscellaneous
Components

HI-TRAC/MPC short-term operating environment during loading and unloading.
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TABLE 3.4.2 (CONTINUED)
HI-STORM 100 SYSTEM MATERIAL COMPATIBILITY

WITH OPERATING ENVIRONMENTS

MateriallComponent Fuel Pool ISFSI Pad
(Borated and Unborated Water)t (Open to Environment)

Nickel Alloy: No adverse reactions with borated or unborated Exposed to weathering effects. No adverse
water. reactions with storage overpack closure plate. No

- SB637-NO7718 impact on performance.

Lifting Trunnion

Brass/Bronze: Small surface of pressure relief valve will be Exposed to external weathering. No loss of
exposed. No significant adverse impact identified. function expected.

- Pressure Relief
Valve HI-TRAC

Holtite-A: The neutron shield is fully enclosed. No adverse The neutron shield is fully enclosed in the outer
reaction identified. No adverse reactions with enclosure. No adverse reaction identified. No

- Solid Neutron thermal expansion foam or steel. adverse reactions with thermal expansion foam or
Shield steel.

t 1HI-TRACIMPC short-term operating environment during loading and unloading.
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TABLE 3.4.2 (CONTINUED)
HI-STORM 100 SYSTEM MATERIAL COMPATIBILITY

WITH OPERATING ENVIRONMENTS

Material/Component Fuel Pool ISFSI Pad
(Borated and Unborated Water)t (Open to Environment)

Paint: Carboline 890 used for all HI-STORM 100 surfaces and only Good performance on surfaces. Discoloration is not a
HI-TRAC exterior surfaces. Acceptable performance for concern.

Carboline 890 short-term exposure in mild borated pool water.
Thermaline 450

Thermaline 450 selected for HI-TRAC internal surfaces for
excellent high temperature resistance properties. Will only be
exposed to demineralized water during in-pool operations as
annulus is filled prior to placement in the spent fuel pool and
the inflatable seal prevents fuel pool water in-leakage. No
adverse interaction identified which could affect MPC/fuel
assembly performance.

Elastomer Seals: No adverse reactions identified. Only used during fuel pool operations.

Lead: Enclosed by carbon steel. Lead is not exposed to fuel pool Enclosed by carbon steel. Lead is not exposed to ambient
water. Lead has no interaction with carbon steel. environment. Lead has no interaction with carbon steel.

Concrete: Storage overpack is not exposed to fuel pool water. Concrete is enclosed by carbon steel and not exposed to
ambient environment. Concrete has no interaction with carbon
steel.

t HI-TRAC/MPC short-term operating environment during loading and unloading.
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TABLE 3.4.3
FUEL BASKET RESULTS - MINIMUM SAFETY FACTORS

Load Case Loadingt Safety Factor Location in FSAR
I.D.

Subsection 3.4.4.2
Fl T, T' No interference

F2 D + H 2.87 Table 3.4.9 of Docket 72-1008

F3

F3.a D + H' 3.6 3.4.4.3.1.3
(end drop)

F3.b D + H' 1.32 Table 3.4.6
(side drop 0 deg.)

F3.c D + H' 1.28 Table 3.4.6
1 (side drop 45 deg.)

Thesymbols used for the loadings are defimed in Table 2.2.13.
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TABLE 3.4.4
MPC RESULTS - MINIMUM SAFETY FACTOR

Load Case I.D. Load Combinationt'tt Safety Factor Location in FSAR Where the Analysis is Performed

El

El.a Design internal pressure, P, 8 .59ttt El.a Lid Table 3.4.7
1.326 Baseplate 3.1.8.1 of Docket 72-1008
1.20 Shell Table 3.4.7
N/A Supports

El.b Design external pressure, Po 8.59ttt EI.b Lid Pi bounds
1.326 Baseplate Pi bounds
38.5 Shell Buckling methodology in 3.H of

Docket 72-1008
N/A Supports

El.c Design internal pressure, Pi, 1.09 El.c Shell Table 3.4.8
plus Temperature T

E2 D + H + (Pi, P.) 1.8ttt Lid 3.E.8.1.2 of Docket 72-1008
1.088 Baseplate .3.1.8.2 of Docket 72-1008
2.64*0.967(stress), Shell Table 3.4.9 of Docket 72-1008
45.5 Buckling methodology in 3.H of Docket

72-1008
5.85 Supports Table 3.4.9 of Docket 72-1008

Note: 0.967 multiplier reflects increase in MPC shell design temperature to 500 deg. F.

The symbols used for the loadings are defined in Table 2.2.13
tt Note that in analyses, bounding pressures are applied, i.e., in buckling calculations P0 is used, and in stress evaluations either P0 or Pi is appropriate
ttt Minimum safety factor is based on the dual lid configuration.
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TABLE 3.4.4 (CONTINUED)
MPC RESULTS - MINIMUM SAFETY FACTOR

Load Case I.D. Load Combinationt'tt Safety Factor Location in FSAR

E3
E3.a (Pi,Po) + D + H', end drop 1.4ttt E3.a Lid 3.E.8.2.1.2 of Docket 72-1008

1.28 Baseplate 3.1.8.3 of Docket 72-1008
1.72 Shell Buckling methodology in 3.H of

Docket 72-1008
N/A Supports

E3.b (Pi,Po) + D + H', side drop 0 1.4ttt E3.b Lid end drop bounds
deg. 1.28 Baseplate end drop bounds

1.06 Shell Table 3.4.6
1.18 Supports Table 3.4.6

E3.c (Pi,Po) + D + H', side drop 1.4ttt E3.c Lid end drop bounds
45 deg. 1.28 Baseplate end drop bounds

1.41 Shell Table 3.4.6
1.56 Supports Table 3.4.6

t
if

ttf

The symbols used for the loadings are defined in Table 2.2.13
Note that in analyses, bounding pressures are applied, i.e., in buckling calculations P, is used, and in stress evaluations either P0 or Pi is appropriate
Minimum safety factor is based on the dual lid configuration.
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TABLE 3.4.4 (CONTINUED)
MPC RESULTS - MINIMUM SAFETY FACTOR

Load Case Load Combinationt, It Safety Factor Location in FSAR
I.D.

E4 T Subsection 3.4.4.2 Subsection 3.4.4.2
shows there are no
primary stresses from
thermal expansion.

E5 D + T* + (Pi*,P0 *) 8 .6ttt Lid 3.4.4.3.1.10
1.17 Baseplate 3.4.4.3.1.10
1.15 (buckling) Shell Buckling methodology in 3.H of Docket

72-1008
2.60 (stress) 3.4.4.3.1.2 (stress)

N/A Supports N/A

t

tt

The symbols used for the loadings are defined in Table 2.2.13.

Note that in analyses, bounding pressures are applied, i.e., in buckling calculations P. is used, and in stress evaluations either P0 or Pi is
appropriate.

ttt Minimum safety factor is based on the dual lid configuration.
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TABLE 3.4.5'
HI-STORM 100 STORAGE OVERPACK AND HI-TRAC RESULTS - MINIMUM SAFETY FACTORS

Load Case I.D. Loadingt Safety Factor Location in FSAR

01 D + H + T + (P., P,) Overpack
1.33 Shell (inlet vent)/Base 3.4.3.5
N/A Top Lid N/A

HI-TRAC
2.69(125); 2.17(100) Shell 3.4.3.3; 3.4.3.4
2.604 (ASME Code limit) Pool Lid 3.4.3.8
2.61 (ASME Code limit) Top Lid N/A
2.91; 1.11 (optional bolts) Pocket Trunnion 3.4.4.3.3.1

02
02.a D + H' + (Po,Pi) Overpack

(end drop/tip-over) 1.271 Shell 3.4.4.3.2.3
1.125534 Top Lid 3.4.4.3.2.2

HI-TRAC
02.b D + H' + (P.,Pj) 1.52 Shell 3.4.9.3

(side drop) 1. 159-349- Transfer Lid 3.4.4.3.3.3
1.651 Top Lid 3.4.4.3.3.5

03 D (water jacket) 1.168 3.4.4.3.3.4

04 M (small and 2.605 (Side Strike); 1.CJ65-5(End Overpack 3.4.8.1
medium penetrant strike)
missiles) HI-TRAC 3.4.8.2.1

1.23 (End Strike)

The symbols used for the loadings are defined in Table 2.2.13.
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TABLE 3.4.6
MINIMUM SAFETY FACTORS FOR MPC COMPONENTS DURING TIP-OVER

45g DECELERATIONS

Component - Stress Result MPC-24 MPC-68
0 Degrees 45 Degrees 0 Degrees 45 Degrees

Fuel Basket - Primary Membrane (Prm) 3.46 4.83 3.01 4.36
(1134) (396) (1603) (1603)

Fuel -Basket - Local Membrane Plus 1.32 1.33 .2.18 1.44
Primary Bending (PL+Pb) (1065) (577) (1590) (774)
Enclosure Vessel - Primary Membrane (Pm) 6.54*.967 6.62*.967 6.55*.967 6.85*.967

(1354) (1370 2393.) (2377)
Enclosure Vessel - Local Membrane Plus 2.52*.967 2.99*.967 1.10*.967 1.56*.967
Primary Bending (PL+Pb) (1278) (1247) (1925) (1925)
Basket Supports - Primary Membrane (Pm) N/A N/A 7.14 9.36

(1710) (1699)
Basket Supports - Local Membrane Plus N/A N/A 1.18 1.56
Primary Bending (PL+Pb) (1715) (1704)

Corresponding ANSYS element number shown in parentheses.

Multiplier of 0.967 reflects increase in Enclosure Vessel Design Temperature from 450 deg. F to 500 deg. F in this Revision (Table 2.2.3).

Notes:

1.
2.
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TABLE 3.4.6 (CONTINUED)
MINIMUM SAFETY FACTORS FOR MPC COMPONENTS DURING TIP-OVER

45g DECELERATIONS

MPC-32

Component - Stress Result 0 Degrees 45 Degrees

Fuel Basket - Primary Membrane (Pro) 3.51 4.96
(715) (366)

Fuel Basket - Local Membrane Plus Primary 1.51 1.28
Bending (PL+Pb) (390) (19)

Enclosure Vessel - Primary Membrane (Pm) 4.11 *.967 5.59*.967
(1091) (1222)

Enclosure Vessel - Local Membrane Plus Primary 1.11 *.967 1.46*.967
Bending (PL+Pb) (1031) (1288)

Basket Supports - Primary Membrane (Pm) 3.44 4.85
(905) (905)

Basket Supports - Local Membrane Plus Primary 1.30 1.71
Bending (PL+Pb) (901) (908)

Notes:

I.
2.

Corresponding ANSYS element number shown in parentheses.
Multiplier of 0.967 reflects increase in Enclosure Vessel Design Temperature from 450 deg. F to 500 deg. F in this Revision (Table 2.2.3).
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TABLE 3.4.6 (CONTINUED)
MINIMUM SAFETY FACTORS FOR MPC-24E COMPONENTS DURING TIP-OVER

45g DECELERATIONS

Components - Stress Result 0 Degrees 45 Degrees

Fuel Basket - Primary -10307 -7,430
Membrane (Pm) (3.58) (4.98)

Fuel Basket - Primary
Membrane plus Primary 37,138 31,978
Bending (PL + Pb) (1.50) (1.74)

Enclosure Vessel - Primary 6,456 6,457
Membrane (Pm) (6.73*.967) (6.73*.967)

Enclosure Vessel - Primary
Membrane plus Primary 23,125 16,473
Bending (PL + Pb) (2.82*.967) (3.96*.967)

Notes: 1. All stresses are reported in psi units and are based on closed gaps (primary stresses only).
2. The numbers shown in parentheses are the corresponding safety factors.
3. Multiplier of 0.967 reflects the increase in Enclosure Vessel Design Temperature from 450 deg. F to 500 deg. F in this

Revision (Table 2.2.3).
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TABLE 3.4.7
STRESS INTENSITY RESULTS FOR CONFINEMENT BOUNDARY -

INTERNAL PRESSURE ONLY

Calculated
Value of Table 3.1.13

Locatio. Stress Allowable Safety Factor
(Per Fig. Intensity Category Value (psi)t (Allowable/Calculated)
3.4.11)(si

(psi)

Top Lid

A 1,633 PI + Pb 25,450 15.6
Neutral Axis 21.9 Pm 16,950 774
B 1,604 PL + Pb 25,450 15.9

C 695 PI + Pb 25,450 36.6

Neutral Axis 732 Pm 16,950 23.2

D 2,962 P, + Pb 25,450 8.59

Baseplate
E 19,773 PL + Pb 28,100 1.42
Neutral Axis 415 Pm 18,700 45.1
F 20,601 PL + Pb 28,100 1.36

G 9,610 PL + Pb 28,100 2.92
Neutral Axis 2,268 Pm 18,700 8.25
H 8,279 PL + Pb 28,100 3.39

Stresses for the top lid are reported for the single lid configuration;
stresses for the dual lid configuration are doubled.

Allowable stress intensities are evaluated at 550 degrees F (lid), 400 degrees F (baseplate), and 500 degrees F (canister).
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TABLE 3.4.7 (CONTINUED)
STRESS INTENSITY RESULTS FOR CONFINEMENT BOUNDARY -

INTERNAL PRESSURE ONLY

Locations Calculated Table 3.1.13

(Per Fig. Value of Allowable Safety Factor

3.4.11) Stress Category Value (psi)t (Allowable/Calculated)
Intensity

(psi)

Canister

1 6,788 Pm 17,500 2.58

Upper Bending 7,202 PL + Pb + Q 52,500 7.29
Boundary Layer 7,014 PL 26,300 3.75
Region

Lower Bending 43,645 PL + Pb + Q 52,500 1.20
Boundary Layer 11,349 PL 26,300 2.32
Region

t Allowable stress intensities are evaluated at 550 degrees F (lid), 400 degrees F (baseplate), and 500 degrees F (canister).
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TABLE 3.4.8
PRIMARY AND SECONDARY STRESS INTENSITY RESULTS FOR

CONFINEMENT BOUNDARY - PRESSURE PLUS THERMAL LOADING

Calculated
Locations Value of Allowable Safety Factor

(Per Fig. 3.4.11) Stress Category Stress (Allowable/Calculated)
Intensity Intensity

(psi) (psi)t

Top Lid

A 7,866 PL + Pb + Q 50,850 6.46
Neutral Axis 6,553 Pm + PL 25,450 3.88
B 3,409 PL + Pb + Q 50,850 14.9

C 13,646 PL + Pb + Q 50,850 3.73
Neutral Axis 12,182 Pm + PL 25,450 2.09
D 11,145 PL + Pb + Q 50,850 4.56

Baseplate

E 19,417 PL + Pb + Q 56,100 2.89
Neutral Axis 223.1 Pm + PL 28,100 126
F 19,860 PL + Pb + Q 56,100 2.82

G 4,836 P.+ PL + Q 56,100 11.6
Neutral Axis 1,201 Pm + PL 28,100 23.4
H 4,473 PL + Pb + Q 56,100 12.5

Stresses for the top lid are reported for the single lid configuration; stresses for the dual lid configuration are doubled.

Allowable stress intensities are evaluated at 550 degrees F (lid), 400 degrees F (baseplate), and 500 degrees F (canister).
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TABLE 3.4.8 (CONTINUED)
PRIMARY AND SECONDARY STRESS INTENSITY RESULTS FOR

CONFINEMENT BOUNDARY - PRESSURE PLUS THERMAL LOADING

Calculated Allowable Safety Factor
Locations (Per Fig. 3.4.11) Value of Stress Category Stress Intensity ( abe/Cactor

Intensity (psi) (psi)t (Allowable/Calculated)

Canister

1 6,799 PL 26,300 3.87

Upper Bending Boundary 12,813 PL + Pb + Q 52,500 4.10
Layer Region 12,185 PL 26,300 2.16

Lower Bending
Boundary Layer 48,378 PL + Pb + Q 52,500 1.09
Region 12,028 PL 26,300 2.19

Allowable stress intensities are evaluated at 550 degrees F (lid), 400 degrees F (baseplate), and 500 degrees F (canister).
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TABLE 3.4.9
SAFETY FACTORS FROM SUPPLEMENTARY CALCULATIONS

FSAR
Item Loading Safety Location

Factor Where Details are
Provided

HI-STORM Top Lid Weld Shear Tipover 3.22 3.4.4.3.2.2
HI-STORM Lid Bottom Plate End Drop 9.777 3.4.4.3.2.3
HI-STORM Lid Bottom Plate Welds End Drop 2.695 *3.4.4.3.2.3
Pedestal Shield Compression End Drop 1.011 3.4.4.3.2.3
HI-STORM Inlet Vent Plate Bending End Drop 1.271 3.4.4.3.2.3
Stress
HI-STORM Lid Top Plate Bending End Drop -100 5.208 3.4.4.3.2.3

100S 1.357

HI-TRAC Pocket Trunnion Weld HI-TRAC Rotation 2.92 3.4.4.3.3.1

HI-TRAC 100 Optional Bolts - Tension HI-TRAC Rotation 1.11 3.4.4.3.3.1

HI-STORM 100 Shell Seismic Event 14.6 3.4.7

HI-TRAC Transfer Lid Door Lock Bolts Side Drop 2.387 3.4.4.3.3.3

HI-TRAC Transfer Lid Separation Side Drop 1./5942-9 3.4.4.3.3.3

HI-STORM .100 Top Lid Missile Impact 1.29 3.4.8.1

HI-STORM 100 Shell Missile Impact 2.77 3.4.8.1

HI-TRAC Water Jacket -Enclosure Pressure 1.17 3.4.4.3.3.4
Shell Bending
HI-TRAC Water Jacket - Enclosure Pressure plus Handling 1.14 3.4.4.3.3.1
Shell Bending
HI-TRAC Water Jacket - Bottom Pressure 1.39 3.4.4.3.3.4
Flange Bending
HI-TRAC Water Jacket - Weld Pressure 1.42 3.4.4.3.3.4
Fuel Basket Support Plate Bending Side Drop 1.82 3.4.4.3.1.8
Fuel Basket Support Leg Stability Side Drop 4.07 3.4.4.3.1.8

Fuel Basket Support Welds Side Drop 1.35 3.4.4.3.1.8

MPC Cover Plates in MPC Lid Normal Condition 1.81 3.4.4.3.1.8
Internal Pressure

MPC Cover Plate Weld Accident Condition 2.52 3.4.4.3.1.8
Internal Pressure

HI-STORM Storage Overpack External Pressure 2.88 3.4.4.5.29.4

HI-STORM Storage Overpack Missile Strike 2.604-9 3.4.8.1
Circumferential Stress

HI-TRAC Transfer Cask Circumferential Missile Strike 2.61 3.4.8.2
Stress

HI-TRAC Transfer Cask Axial Side Drop 1.52 3.4.9.3
Membrane Stress
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TABLE 3.4.10
INPUT DATA FOR SEISMIC ANALYSIS OF ANCHORED HI-STORM 100 SYSTEM

Item Data Used Actual Value and Reference
Cask height, inch 231.25 231.25" (Dwg. 1495)
Contact diameter at ISFSI pad, inch 146.5 146.5 (Dwg. 3187)
Overpack empty, wt. Kips 270 267.87 (Table 3.2.1)
Bounding wt. of loaded MPC, kips 90 88.135 (Table 3.2.1)
Overpack-to-MPC radial gap (inch) 2.0 2.0' (Dwg. 1495, Sheets 2 and 5)
Overpack C.G. height above ISFSI 117.0 116.8 (Table 3.2.3)
pad, inch
Overpack with Loaded MPC - C.G. 118.5 118.5 (Table 3.2.3)
height above ISFSI pad
Applicable Response Spectra Fig. 3.4-31 to 3.4-36 Figures 3.4-30
ZPA: RG 1.60 Western Plant

Horizontal 1 1.5 1.45
Horizontal 2 1.5 1.45 Site-Specific
Vertical 1.5 1.3

No. of Anchor Studs 28 Up to 28
Anchor Stud Diameter

Inch " 2.0 2.0 (BOM 3189)
Yield stress, ksi 80 (minimum) Table 1.2.7
Ultimate stress, ksi 125 (minimum) Table 1.2.7
Free length, inch* 16-42 Site-specific
Pre-load tensile stress, ksi* 55-65 55-65

*For the confirmatory dynamic analyses, bolt spring rates were computed using the maximum

length, and the preload stress was slightly above 60.1 ksi. For the static analysis, all combinations
were evaluated.
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FIGURE 3.4.27; HI-TRAC TRANSFER CASK IN SHORT-SIDE IMPACT
(CASK RESTS AT A POSITION OF -50 FROM HORIZONTAL)

FIGURE 3.4.28; 1if-TRAC TRANSFER CASK IN LONG-SIDE IMPACT
(CASK RESTS AT A POSITION OF -10 FROM HORIZONTAL)
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FIGURE 3.4.37 GEOMETRY FOR QUASI-STATIC ANALYSIS
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FIGURE 3.4.41 Sector Lug Stress Intensity - Case 2 Preload + Seismic
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FIGURE 3.4.42: EXPLODED VIEW SHOWING GROUND PLANE,
OVERPACK, MPC, AND OVERPACK TOP LID
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FIGURE 3.4.43: VIEW OF ASSEMBLED HI-STORM ON PAD-MPC
INSIDE AND TOP LID ATTACHED (Note Extended Baseplate for
Anchor Connections)
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FIGURE 3.4.44 Variation of Foundation Resistance Force vs. Time for Reg. Guide 1.60 Seismic Input
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FIGURE 3.4.45 Variation of Representative Stud Tensile Force vs. Time for Reg. Guide 1.60 Seismic
Input

HI-STORM FSAR
HI-2002444 Rev. I

HOLTEC PROPRIETARY INFORMATION

HI-STORM 100 Rev. 5 - 6/21/07



I

FIGURE 3.4.46 MPC/HI-STORM IOOA Impulse vs. Time - Reg. Guide 1.60 Event
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FIGURE 3.4.48; HI-TRAC 125 BENCHMARK SIMULATION OF DROP
SCENARIO A
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FIGURE 3.4.49; SIMULATION OF HI-TRAC 125D 42"
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3.5 FUEL RODS

The cladding of the fuel rods is the initial confinement boundary in the HI-STORM 100 System.
Analyses have been performed in Chapter 3 to ensure that the maximum temperature of the fuel
cladding is below the Pacific Northwest Laboratory's threshold values for various cooling times.
These temperature limits ensure that the fuel cladding will not degrade in an inert helium
environment. Additional details on the fuel rod cladding temperature analyses for the spent fuel to be
loaded into the HI-STORM 100 System are provided in Chapter 3.

The dimensions of the storage cell openings in the MPC are equal to or greater than those used in
spent fuel racks supplied by Holtec International. Thousands of fuel assemblies have been shuffled
in and out of these cells over the years without a single instance of cladding failure. The vast body of
physical evidence from prior spent fuel handling operations provides confirmation that the fuel
handling and loading operations with the HI-STORM 100 MPC will not endanger or compromise
the integrity of the cladding or the structural integrity of the assembly.

The HI-STORM 100 System is designed and evaluated for a maximum deceleration of 45g's. Studies
of the capability of spent fuel rods to resist impact loads [3.5.1] indicate that the most vulnerable fuel
can withstand 63 g's in the side impact orientation. Therefore, limiting the HI-STORM 100 System
to a maximum deceleration of 45 g's (perpendicular to the longitudinal axis of the overpack during
all normal and hypothetical accident conditions) ensures that fuel rod cladding integrity is
maintained. In [3.5.1 ], it is assumed that the fuel rod cladding provides the only structural resistance
to bending and buckling of the rod. For accidents where the predominate deceleration is directed
along the longitudinal axis of the overpack, [3.5.1 ] also demonstrates that no elastic instability or
yielding of the cladding will occur until the deceleration level is well above the HI-STORM 100
limit of 45g's. The solutions presented in [3.5.1], however, assume that the fuel pellets are not
intimately attached to the cladding when subjected to an axial deceleration load that may cause an
elastic instability of the fuel rod cladding.

The limit based on classical Euler buckling analyses performed by Lawrence Livermore National
Laboratory in [3.5.1 ] is 82 g's. In the LLNL report, the limiting axial load toensure fuel rod stability
is obtained by modeling the fuel rod as a simply supported beam with unsupported length equal to
the grid strap spacing. The limit load under this condition is:

F = 72EI/L2

In the preceding formula, E = Young's Modulus of the cladding, I = area moment of inertia of the
cladding, and L = spacing of the grid straps.

Assuming that F WxA/g with W being the weight of a fuel rod, and A = the deceleration, the Euler
buckling formula can be expressed as

A/g = 72 ( ER 3tn/WfaL 2) =t23
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In the preceding formula, g = gravity, n = number of fuel rods in the fuel assembly, Wfa = the total
weight of the fuel assembly, t = cladding wall thickness, and R = cladding mean radius.

Using the preceding formula, a survey of a large variety of fuel assembly types in [3.5.1 ] concluded
that a 17 x 17 PWR assembly resulted in the minimum value for deceleration and results in the lower
bound limit of:

A/g = 82

The fuel pellet weight was omitted from the analysis in [3.5.1 ] by virtue of the assumption that under
axial load, the cladding did not support the fuel pellet mass. Since the results may not be
conservative because of the assumption concerning the behavior of the fuel pellet mass, a new
analysis of the structural response of the fuel cladding is presented here. It is demonstrated that the
maximum axially oriented deceleration that can be applied to the fuel cladding is in excess of the
design basis deceleration specified in this FSAR. Therefore, the initial confinement boundary
remains intact during a hypothetical accident of transport where large axially directed decelerations
are experienced by the HI-STORM 100 package.

The analysis reported in this section of the FSAR considers the most limiting fuel rod in the fuel
assembly. Most limiting is defined as the fuel rod that may undergo the largest bending (lateral)
deformations in the event of a loss of elastic stability. The fuel rod is modeled as a thin-walled
elastic tube capable of undergoing large lateral displacements in the event that high axial loads cause
a loss of stability (i.e., the non-linear interaction of axial and bending behavior of the elastic tube is
included in the problem formulation). The fuel rod and the fuel pellet mass is included in the
analysis with the fuel pellet mass assumed to contribute only its mass to the analysis. In the HI-
STORM 100 spent fuel basket, continuous support to limit lateral. movement is provided to the fuel
assembly along its entire length. The extent of lateral movement of any fuel rod in a fuel assembly is
limited to: (1) the clearance gap between the grid straps and the fuel basket cell wall at the grid strap
locations; and, (2) the maximum available gap between the fuel basket cell wall and the fuel rod in
the region between the grid straps. Note that the grid straps act as fuel rod spacers at the strap
locations; away from the grid straps, however, there is no restraint against fuel rod -to-rod contact
under a loading giving rise to large lateral motion of the individual rods. Under the incremental
application of axial deceleration to the fuel rod, the fuel rod compresses and displaces from the
axially oriented inertial loads experienced. The non-linear numerical analysis proceeds to track the
behavior of the fuel rod up to and beyond contact with the rigid confining walls of the HI-STORM
100 fuel basket.

The analysis is carried out for the "most limiting" spent fuel assembly. The "most limiting" criteria
used herein is based on the simple elastic stability formula assuming buckling occurs only between
grid straps. This is identical to the methodology employed in [3.5.1 ] to identify the fuel assembly
that limits design basis axial deceleration loading. Table 3.5.1 presents tabular data for a wide
variety of fuel assemblies. Considerable data was obtained using the tables in [3.5.2]. The
configuration with the lowest value of "Beta" is the most limiting for simple elastic Euler buckling
between grid straps; the Westinghouse 14x14 Vantage,"W14V", PWR configuration is used to
obtain results.
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The material properties used in the non-linear analysis are those for irradiated Zircalloy and are
obtained from [3.5.1]. The Young's Modulus and the cladding dynamic yield stress are set as:

E = 10,400,000 psi

Cry = 80,500 psi

The fuel cladding material is assumed to have no tensile or compressive stress capacity beyond the
material yield strength.

Calculations are performed for two limiting assumptions on the magnitude of resisting moment
at the grid straps. Figures 3.5.1 through 3.5.9 aid in understanding the calculation. It is shown in
the detailed calculations that the maximum stress in the fuel rod cladding occurs subsequent to
the cladding deflecting and contacting the fuel basket cell wall. Two limiting analyses are carried
out. The initial analysis assumes that the large deflection of the cladding between two grid straps
occurs without any resisting moment at the grid strap supports. This maximizes the stress in the
free span of the cladding, but eliminates all cladding stress at the grid strap supports. It is shown
that this analysis provides a conservative lower bound on the limiting deceleration. The second
analysis assumes a reasonable level of moment resistance to develop at the grid straps; the level
developed is based on an assumed deflection shape for the cladding spans adjacent to the span
subject to detailed analysis. For this second analysis, the limiting decelerations are much larger
with the limit stress level occurring in the free span and at the grid strap support locations.

It is concluded that the most conservative set of assumptions on structural response still lead to
the conclusion that the fuel rod cladding remains intact under the design basis deceleration levels
set for the HI-STORM 100.
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Table 3.5.1 FUEL ASSEMBLY DIMENSIONAL DATA

Array ID Array
Name

14x14A01 W14OFA
14x14A02 W14OFA
l4xl4A03 W14V
14xl4B01 W14STD
14x14BO2 XX14TR
14x14B03 XXI4STD
l4x14C01 CE14
14x14CO2 CE14
14xl4D01 W14SS
l5xl5A01 CEI5P
15x15B01 WI5OFA
15xl5BO2 WI5V5H
15xl5B03 W15
15xl5BO4 W15
15xI5BO5 15(2a-319)
15x15CO1 SPCI5
15xl5C02 SPC15
l5xl5C03 XXI5
l5xl5C04 XX15
15xl5D01 BW15
l5x15D02 BW15
l5xl5D03 BWI5
15xl5G01 IHN15SS
16x16A01 CE16

Rod O.D. Clad Thk. Rm....(in.)
(in.) (in.)

# of Rods Assy Wt. Rod Length # of Spans Average Material
(lb.) (in.) Span (in.) Modulus

PWR
0.4000
0.4000
0.4000
0.4220
0.4170
0.4240
0.4400
0.4400
0.4220
0.4180
0.4220
0.4220
0.4220
0.4220
0.4220
0.4240
0.4240
0.4240
0.4170
0.4300
0.4300
0.4300
0.4220
0.3820

0.0243
0.0243
0.0243
0.0243
0.0295
0.0300
0.0280
0.0280
0.0165
0.0260
0.0245
0.0245
0.0243
0.0243
0.0242
0.0300
0.0300
0.0300
0.0300
0.0265
0.0265
0.0265
0.0165
0.0250

0.20608
0.20608
0.20608
0.21708
0.21588
0.21950
0.22700
0.22700
0.21513

0.21550
0.21713
0.21713
0.21708
0.21708
0.21705
0.21950
0.21950
0.21950
0.21600
0.22163
0.22163
0.22163
0.21513
0.19725

179
179
179
179
179
179
176
176
180
204
204
204
204
204
204
204
204
204
204
208
208
208
204
236

1177
1177
1177
1302
1215

1271.2
1270
1220
1247
1360
1459
1459
1440
1443
1472
1425
1425

1432.8
1338.6

1515
1515
1515
1421
1430

151:85
151.85
151.85
152.4

152
149.1

147
137

126.68
140

151.85
151.85
151.83
151.83
151.88

152
152

152.065
139.423
153.68
153.68
153.68
126.72

161

25.30833
25.30833
25.30833

25.4
25.33333

18.6375
18.375
17.125

21.11333
15.55556
25.30833
25.30833

25.305
25.305

25.31333
25.33333
25.33333
25.34417
15.49144
21.95429
21.95429
21.95429

21.12
16.1

10400000
10400000
10400000
10400000
10400000
10400000
10400000
10400000
24700000
10400000
10400000
10400000
10400000
10400000
10400000
10400000
10400000
10400000
10400000
10400000
10400000
10400000
24700000
10400000

BETA

0.525127806
0.525127806
0.525127806
0.550863067
0.708523868
1.337586884
1.398051576

1.67556245
1.31385062

1.677523904
0.569346561
0.569346561
0.571905185
0.570716193
0.556610964

0.73601861
0.73601861

0.731386148
1.996693327
0.854569793
0.854569793
0.854569793
1.305875606
1.270423729
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Table 3.5.1 FUEL ASSEMBLY DIMENSIONAL DATA (continued)

Array ID Array
Name

16x16A02 CE16
17xlI A01 W17OFA
17x17A02 W17OFA
17x17B01 W17STD
17x17B02 W17P+
17x17C01 BW17

6x6A02
6x6C01
7x7A01
7x7B01
7x7B02
7x7B03
7x7B04
7x7B05
8x8B03
8x8C02
8x8C03
9x9D01

10xl0E01

XX/ANF6
HB6
HB7
GE-7
GE-7
GE-7
GE-7
GE-7
GE-8
GE-8R
GE-8R
XX/ANF9
XXIOSS

Rod O.D.
(in.)
0.3820
0.3600
0.3600
0.3740
0.3740
0.3790

0.5645
0.5630
0.4860
0.5630
0.5630
0.5630
0.5700
0.5630
0.4930
0.4830
0.4830
0.4240
0.3940

Clad Thk.
(in.)
0.0250
0.0225
0.0225
0.0225
0.0225
0.0240

0.0360
0.0320
0.0330
0.0320
0.0370
0.0370
0.0355
0.0340
0.0340
0.0320
0.0320
0.0300
0.0220

0.19725
0.18563
0.18563
0.19263
0.19263
0.19550

0.29125
0.28950
0.25125
0.28950
0.29075
0.29075
0.29388
0.29000
0.25500
0.24950
0.24950
0.21950
0.20250

236
264
264
264
264
264

BWR
36
36
49
49
49
49
49
49
63
62
62
79
96

lb)
1300
1373
1365
1482
1482
1.505

328:4
270
276

682.5
681

674.4
600
600
681
600
600

575.3
376.6

(in.)
146.499
151.635

152.3
151.635
151.635
152.688

116.65
83

83.2
159
164
164

161.1
161.1

164
159

163.71
163.84
89.98

Rmean (in.) # of Rods Assy Wt. Rod Length # of Spans

9
7
7
7
7
7

4
3
3
7
7
7
7
7
7
7
7
8
4

Average
Span (in.)

16:27767
21.66214
21.75714
21.66214
21.66214
21.81257

29.1625
20.75
20.8

19.875
20.5
20.5

20.1375
20.1375

20.5
19.875

20.46375
18.20444

17.996

Material
Modulus
10400000
10400000
10400000
10400000
10400000
10400000

10400000
10400000
10400000
10400000
10400000
10400000
10400000
10400000
10400000
10400000
10400000
10400000
24700000

BETA

1.367126598
0:613275783
0.611494853
0.634902014
0.634902014
0.687604262

1.192294364
2.500527046
2.233705011
1.467601583
1.619330439
1.635177979
1.887049713
1.736760659

1.2906798
1.352138354
1.27545448

1.367212516
3.551678654

Array ID, Rod OD, Clad Thk and # of Rods from Tables 6.2.1 and 6.2.2.

Rmean, Average Span and THETA are Calculated.

Zircaloy Modulus from LLNL Report [2.9.11.

Stainless Steel (348H) Modulus from ASME Code, Section III, Part D.
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Table 3.5.1 FUEL ASSEMBLY DIMENSIONAL DATA (continued)

PWR Assy. Wt., Rod Len. and # of Spans iexc. as noted below) from DOE/RW-0184, Vol. 3, UC-70, -71 and -85, Dec. 1987.

Assy. Wt., Rod Len. and # of Spans for 15x 15B03, 15x 155B04, 15xI 5COI and 15x1 5C02 from ORNL/TM-9591NI -RI.

BWR Assy. Wt., Rod Len. and # of Spans (exc. as noted below) from ORNL/TM-10902.

Assy. Wt., Rod Len. and # of Spans for 6x6A02, 9x9D01 and IOxIOE01 from DOE/RW-0184, Vol. 3, UC-70, -71 and -85, Dec. 1987.

Assy. Wt., Rod Len. and # of Spans for 7x7B04 and 7x7B05 from ORNL./TM-959 I/V I-RI.

Assy. Wt. for 8x8C02 and 8x8C03 from ORNL/TM-959 I/V I -RI.
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In the following, a physical description of the structural instability problem is provided with
the aid of Figures 3.5.1 to 3.5.9. A stored fuel assembly consists of a square grid of fuel
rods. Each fuel rod consists of a thin-walled cylinder surrounding and containing the fuel
pellets. The majority of the total weight of a fuel rod is in the fuel pellets; however, the
entire structural resistance of the fuel rod to lateral and longitudinal loads is provided, by the
cladding. Hereinafter, the use of the words "fuel rod", "fuel rod cladding", or just
"cladding" means the structural thin cylinder. The weight of the fuel pellets is conservatively
assumed to be attached to the cladding for all discussions and evaluations.

Figure 3.5.1 shows a typical fuel rod in a fuel assembly. Also shown in Figure 3.5.1 are the
grid straps and the surrounding walls of the spent fuel basket cell walls. The grid straps
serve to maintain the fuel rods in a square array at a certain number of locations along the
length of the fuel assembly. When the fuel rod is subject to a loading causing a lateral
deformation, the grid strap locations are the first locations along the length of the rod where
contact with the fuel basket cell walls occurs. The fuel basket cell walls are assumed to be
rigid surfaces. The fuel rod is assumed subject to some axial load and most likely has some
slight initially deformed shape. For the purposes of the analysis, it is assumed that
displacement under load occurs in a 2-D plane and that the ends of the fuel rod cladding
have a specified boundary condition to restrain lateral deflection. The ends of the fuel rod
cladding are assumed to be simply supported and the grid straps along the length of the
fuel assembly are assumed to have gap "gi" relative to the cell walls of the fuel basket. The
figure shows a typical fuel rod in the assembly that is located by gaps "g2" and "g3" with
respect to the fuel basket walls. Because the individual fuel rod is long and slender and is
not perfectly straight, it will deform under a small axial load into the position shown in
Figure 3.5.2. The actual axial load is due to the distributed weight subject to a deceleration
from a hypothetical accident of transport. For the purposes of this discussion, it is assumed
that some equivalent axial load is applied to one end of the fuel rod cladding. Because of
the distributed weight and the fact that a deceleration load is not likely to be exactly axially
oriented, the predominately axial load will induce a lateral displacement of the fuel rod
cladding between the two end supports. The displacement will not be symmetric but will
be larger toward the end of the cladding where support against the axial deceleration is
provided. Depending on the number of grid straps, either one or two grid straps will
initially make contact with the fuel basket cell wall and the contact will not be exactly
centered along the length of the cell. Figure 3.5.3 illustrates the position of the fuel rod after
the axial load has increased beyond the value when initial contact occurred and additional
grid straps are now in contact with the cell wall. The maximum stress in the fuel rod will
occur at the location of maximum curvature and will be a function of the bending moment
(F 2 x(g2-g 1 )).
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At some load F 3 > F 2 , either the limit stress in the fuel rod cladding is achieved or the rod
begins to experience large lateral movements between grid plates because of the coupling
between axial and lateral load and deformation. Figure 3.5.4 shows the deformation mode
experienced by the fuel rod cladding caused by the onset of an instability between two grid
straps that are in contact with the fuel basket cell wall.

Once the lateral displacement initiates, the rod displaces until contact with the cell wall
occurs at the mid point "A" ( see Figure 3.5.5) or the cladding stress exceeds the cladding
material yield strength. Depending on the particular location of the fuel rod in the fuel
assembly, the highest stressed portion of the fuel rod will occur in the segment with the
larger of the two gaps "g'2 and "g3". For the discussion to follow, assume that g2 > g3. The
boundary condition at the grid strap is conservatively assumed as simply-supported so that
the analysis need not consider what happens in adjacent spans between grid straps. At this
point in the loading process, the maximum bending moment occurs at the contact point and
has the value F4 x (g2-g1). Figure 3.5.5 shows the displaced configuration at the load level
where initial contact occurs with the fuel cell wall. If the maximum fuel rod stress (from the
bending moment and from the axial load) equals the yield stress of the fuel rod cladding, it is
assumed that F3 = F4 is the maximum axial load that can be supported. The maximum stress
in the fuel rod cladding occurs at point "A" in Figure 3.5.5 since that location has the
maximum bending moment. If the cladding stress is still below yield, additional load can be
supported. As the load is further increased, the bending moment is decreased and replaced
by reaction loads, "V", at the grid strap and the contact point. These reaction loads V are
shown in Figure 3.5.7 and are normal to the cell wall surface. Figure 3.5.6 shows the
configuration after the load has been further increased from the value at initial contact. There
are two distinct regions that need to be considered subsequent to initial contact with the fuel
basket cell wall. During the additional loading phase, the point "A" becomes two "traveling"
points, A, and A'. Since the bending moment at A' and A is zero, the moment F5 x (gz-gi)

is balanced by forces V at the grid strap and at point A or A'. This is shown in Figure 3.5.7
where the unsupported length current "a" is shown with the balancing load. At this point in
the process, two "failure" modes are possible for the fuel rod cladding.

The axial load that develops in the unsupported region between the grid strap and point A'
causes increased deformation and stress in that segment, or,

The straight region of the rod, between A and A', begins to experience a lateral deformnation
away from the cell wall.
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Note that in this latter scenario, the slope at A or A' remains zero so this should never
govern unless the flat region becomes large. The final limit load occurs when the maximum
stress in either portion of the rod exceeds the yield stress of the tube. In what follows, the
most limiting fuel assembly from the array of fuel types considered is subject to detailed
analysis and the limit load established. This limit axial load is considered as the product of
the fuel rod weight times the deceleration. Therefore, establishing the limit load to reach
cladding material yield establishes the limiting axial deceleration that can be imposed.

The preceding discussion has assumed end conditions of simple support for conservatism.
The location of the fuel rod determines the actual free gap between grid straps. For
example, a fuel rod furthest from the cell wall that resists lateral movement of the assembly
moves to close up all of the clearances that exist between it and the resisting cell wall. The
clearance between rods is the rod pitch minus the rod diameter. In a 14 x 14 assembly,
there are 13 clearance gaps plus an additional clearance g3 between the nearest rod and
the cell wall. Therefore, the gap g2 is given as

92 = 13(pitch-diameter) + g3

Figure 3.5.9 provides an illustration of the fuel rod deformation for a case of 5 fuel rods in a
column. Clearly for this case, the available lateral movement can be considerable for the
"furthest" fuel rod. On the other hand, for this fuel rod, there will be considerable moment
resistance at the grid strap from the adjacent section of the fuel rod. The situation is different
when the rod being analyzed is assumed to be the closest to the cell wall. In this case, the
clearance gap is much smaller, but the moment resistance provided by adjacent sections of
the rod is reduced. For calculation purposes, we assume that a moment resistance is
provided as M = f x KO for the fuel rod under analysis where

K = 3EI/L, L= span between grid straps, and "f' is an assumed fraction of K

The preceding result for the rotational spring constant assumes a simple support at each end
of the span with an end moment "M" applied. Classical strength of materials gives the result
for the spring constant. The arbitrary assumption of a constant reduction in the spring
constant is to account for undetermined interactions between axial force in the rod and the
calculated spring constant. As the compressive force in the adjacent members increases, the
spring constant will be reduced. On the other hand, as the adjacent span contacts its near
cell wall, the spring constant increases. On balance, it should be conservative to assume a
considerable reduction in the spring constant available to the span being analyzed in detail.
As a further conservatism, we also use the angle 0 defined by the geometry and not include
any additional elastic displacement shape. This will further reduce the value of the resisting
moment at any stage of the solution. In the detailed calculations, two limiting cases are
examined. To limit the analysis to a single rod, it is assumed that after "stack-up" of the rods
(see Figure 3.5.9), the lateral support provided by the cell wall supports all of the rods. That
is, the rods are considered to have non-deforming cross-section.
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Numerical Analysis - Based on the tabular results in Table 3.5.1, the fuel assembly with the
smallest value for the deceleration based on the classical Euler buckling formula is analyzed in
detail. The following input data is specified for the limiting 14 x 14 assembly [3.5.2]:

Inside dimension of a HI-STORM 100 fuel basket cell

Outside envelope dimension of grid plate

Outer diameter of fuel rod cladding

Wall thickness of cladding

s := 8.75.in

gp := 7.763. in

D := .4.in

t := .0243. in

Weight of fuel assembly(including end fittings) W 1177.lbf

Number of fuel rods + guide/instrument n 14
tubes in a column or row

Overall length of fuel rod between assumed end support Lt := 151.in

Length of fuel rod between grid straps

Average clearance to cell wall at a grid strap location
assuming a straight and centered fuel assembly

Rod pitch

Ls := 25.3. in

g : .5.(s - gp)

g= 0.494 in

pitch := 0.556.in

Clearance := (n - 1).(pitch - D) Clearance = 2.028 in

Minimum available clearance for lateral movement of a fuel
rod between grid straps

93 := gl + .5.[gp - (n.D + Clearance)]

93 = 0.561 in

Maximum available clearances for lateral movement of a
fuel rod between grid straps 92 := 3g + Clearance

92= 2.589 in
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Young's Modulus of Zircalloy [3.5.1 ]

Dynamic Yield Strength of Zircalloy [3.5.1]

E := 10400000.psi

Gy := 80500.psi

Geometry Calculations:

Compute the metal cross section area A, the metal area moment of inertia I, and the total
weight of a single fuel rod (conservatively assume that end fittings are only supported by
fuel rods in the loading scenario of interest).

A :.[D2-(D-2.t)2]
4

1:= -' -[D 4_ (D - 2. t)4]

64

A = 0.029in
2

W
Wr :=

2n

I = 5.082x 10 4 4

Wr = 6.005 lbf

As an initial lower bound calculation, assume no rotational support from adjacent spans and
define a multiplying factor

f:= 0.0

Compute the rotational spring constant available from adjacent sections of the rod.

I
K := 3.E.-f .fLs K = 0lbf-in

Now compute the limit load, if applied at one end of the fuel rod cladding, that causes an
overall elastic instability and contact with the cell wall. Assume buckling in a symmetric
mode for a conservatively low result. The purpose of this calculation is solely to
demonstrate the flexibility of the single fuel rod. No resisting moment capacity is assumed
to be present at the fittings.

2 I
Lt2

HC
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Note that this is less than the weight of the rod itself. This demonstrates that in the absence
of any additional axial support, the fuel rod will bow and be supported by the cell walls
under a very small axial load. In reality, however, there is additional axial support that
would increase this initial buckling load. The stress induced in the rod by this overall
deflected shape is small.

P0-gl-D
Stressl : 2 .2.I

P0
Stressd A

Stressl = 444.32psi

Stressd = 79.76psi

The conclusion of this initial calculation is that grid straps come in contact and we need only
consider what happens between a grid strap. We first calculate the classical Euler buckling
load based on a pin-ended rod and assumingconservatively that the entire weight of the rod
is providing the axial driving force. This gives a conservatively low estimate of the limiting
deceleration that can be resisted before a perfectly straight rod buckles.

aliml : E 2

Ls Wr

ajimj = 13.57

The rigid body angle of rotation at the grid strap under this load that causes contact is:

0 atan 1 2. Ls
01 = 9.406deg

Conservatively assume resisting moment at the grid is proportional to this "rigid body" angle:

Mr := K-0 1 Mr = 0 in. lbf (in this first analysis, no resisting moment is assumed)

The total stress at the grid strap due to the axial force and the resisting moment is

Wr'alimi Mr'D
Ugs "- +

A 2.1
Ugs = 2841.172psi

The total stress at the contact location is
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Stress [Wraliml'(g2 - g) - Mr]D

2.I

Wralim1
Stress2d A

Stress2t := Stress2 + Stress2d

Stress2 = 6.721 x 10 4psi

Stress2d = 2841.172 psi

Stress2t = 7.005 x 10 4psi

This is the maximum value of the stress at this location since, for further increase in axial load.
the moment will decrease with consequent large decrease in the total stress.

The safety factor is
oy

= 1.149Stress2t

The axial load in the unsupported portion of the beam at this instant is

Pax -(Wr.alimi)
cos(O 1)

Pax = 82.5991bf

At this point in the load process, a certain axial load exists in the unsupported span on
either side of the contact point. However, since the unsupported span is approximately
50% of the original span, the allowable deceleration limit is larger. As the axial load is
incrementally increased, the moment at the contact point is reduced to zero with consequent
increases in the lateral force V at the grid strap and at the contact points A and A'. Figure
3.5.8 provides the necessary information to determine the elastic deformation that occurs in
the unsupported span as the axial load increases and the contact points separate (and,
therefore, decreasing the free span).

From geometry, coupled with the assumption that the deflected shape is a half "sin" function
with peak value "5", the following relations are developed:

Assume "a" is a fraction of 50% of the span (the following calculations show only the final
iterated assumption for the fraction

E := .9 Ls)
a (2) a= 11.385in
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Calculate "b" in Figure 3.5.8

b :+(g2_gl)2]5 b= 11.576in

an equation for 8 can be developed from the geometric relation

(g2-gl) b

a 2(R- 8)

The inverse of the radius of curvature, R, at the point of peak elastic deflection
of the free span, is computed as the second derivative of the assumed sin wave
deflection shape. Based on the geometry in Figure 3.5.8, the peak deflection is:

6 :=.5.a. 2 .(g 2 -g1) 7+4r) Ij
b

a4.(g22- 
gi)

0 = 0.426in

For the assumed "a", the limiting axial load capacity in the unsupported region is
conservatively estimated as:

2 1
a lim 2 := 7t .E .(

(b)2.Wr alim2 = 64.816

The corresponding rigid body angle is:

02 := atanl (g2 ) 1
01 = 1O.429deg
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The axial load in the unsupported portion of the beam at this instant is

(Wr" alim2)
cos((02)

The resisting moment is
Pax =395.763 1bf

Mr := K'2 Mr = 0in-lbf

The total stress in the middle of the unsupported section of free span "b" is

(Pax" 6 - Mr)" Dstress3 21

Pax

stress3 = 6.635 x 10 4psi

stress3d = 1.38x 10 4psistress3d "-
A

stress3t := stress3 + stress3d

The safety factor is

stress3t = 8.015x 10 4psi

- 1.004

stress3t

The total stress at the grid strap due to the axial force and any the resisting moment is

Wr'alim2 Mr'D(Ggs +- +-
A 2.1

The safety factor is

0 gs = 1.357x 104psi

= 5-.932

( gs

For this set of assumptions, the stress capacity of the rod cladding has been achieved, so that
the limit deceleration is:

Alimit := ajim2 Alimit = 64.816

This exceeds the design basis for the HI-STORM 100 package.
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If there is any restraining moment from the adjacent span, there is a possibility of
exceeding the rod structural limits at that location due to the induced stress. Therefore, the
above calculations are repeated for an assumed moment capacity at the grid strap.

I
f:= 1. K :=3.E.-. f

Ls
The rigid body angle of rotation at the grid strap under this load that causes contact is:

01 :=atan 2. 9 - 1)]
01 = 9.406 deg

Conservatively assume resisting moment at the grid a function of this angle,is

Mr := K-0 1 Mr = 102.875in.lbf

The total stress at the grid strap due to the axial force and the resisting moment is

Wr'aliml Mr'D
Ags "- +A 2.1

4.
Ups = 4.333 x 10 Psi

The total stress at the contact location is

[Wr'aliml(g2 - g1) - Mr]'DS tre ss2 2 .12. I

Wr'alimi
Stress2d : A

Stress2t := Stress2 + Stress2d

Stress2 = 2.672 x 10 4psi

Stress2d = 2841.172psi

Stress2t = 2.956x 10 4psi

This is the maximum value of the stress at this location since, for further increase in
axial load, the moment will decrease with consequent large decrease in the total stress.

The axial load in the unsupported portion of the beam at this instant is

(Wr'aliml)
Pax

cos(0()

HOt
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At this point in the load process, a certain axial load exists in the unsupported span on
either side of the contact point. However, since the unsupported span is approximately
50% of the original span, the allowable deceleration limit is larger. As the axial load is
incrementally increased, the moment at the contact point is reduced to zero with
consequent increases in the lateral force V at the grid strap and at the contact points A
and A'. Figure 3.5.8 provides the necessary information to determine the elastic
deformation that occurs in the unsupported span as the axial load increases and the
contact points separate (and, therefore, decreasing the free span).

From geometry, coupled with the assumption that the deflected shape is a half"sin"
function with peak value "8", the following relations are developed:

Assume "a" is a fraction of 50% of the span (the following calculations show only the final
iterated assumption for the fraction

:= .7
a

( Ls)2)
a = 8.855 in

Calculate "b" in Figure 3.5.8

b = 9.1 in

The inverse of the radius of curvature, R, at the point of peak elastic deflection
of the free span, is computed as the second derivative of the assumed sin wave
deflection shape. Based on the geometry in Figure 3.5.8, the peak deflection is:

: .5 a . b ] 2.g - g + 4.27 ) 2]

6 = 0.427 in

b
a .4.(g2- gi)
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For the assumed "a", the limiting axial load capacity in the unsupported region is
conservatively estimated as:

2 I
alim 2 := Tt E

(b)2.Wr alim2 = 104.9

The corresponding rigid body angle is:

02 := atan[1 (g2 a g) 02 = 13.314deg

The axial load in the unsupported portion of-the beam at this instant is

(Wr.alim2)
Pax "- _ cos( 02) Pax = 647.331 lbf

The resisting moment is

Mr:= K'0 2 Mr = 145.619in.lbf

The total stress in the middle of the unsupported section of free span "b" is

- (Pax. 8 - Mr)' Dstre ss3 2 .12.I

Pax
stress3d :

A

stress3t := stress3 + stress3d

4
stress3 = 5.145 x 10 psi

stress3d = 2.257x 10 4psi

stress3t = 7.402 x 10 4psi

The safety factor is
_Y - 1.088

stress3t

The total stress at the grid strap due to the axial force and any the resisting moment is
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Wr" alim2 Mr" DUgs= :- +
A 2.1

The safety factor is

Ygs 7.928 x 104 psi

= 1.015

Ugs

For this set of assumptions, the stress capacity of the rod cladding has been achieved, so
that the limit deceleration is:

Alimit := alim2 Alimit = 104.9

Conclusions

An analysis has demonstrated that for the most limiting PWR fuel assembly stored in the
HI-STORM 100 fuel basket, a conservative lower bound limit on acceptable axial
decelerations exceeds the 45g design basis of the cask. For a reasonable assumption of
moment resisting capacity at the grid straps, the axial deceleration limit exceeds the design
basis by a large margin.

It is concluded that fuel rod integrity is maintained in the event of a hypothetical accident
condition leading to a 45g design basis deceleration in the direction normal to the target.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR
REPORT HI-2002444 3.5-19

Rev. 0

HI-STORM 100 Rev. 5 - 6/21/07



FUEL ROD DEFORMATION PHASES

F-- "

I•

6FT 
FUEL ROD-I CELL 1WALL0

0

0

01

, FIGURE 3.5.1; g1 > 0C)

C)O

X

HI-2002444]
I REVISION 0HI2a24 
I RVSO



-I

FUEL ROD DEFORMATION PHASES

LT

Fl-

CONTACT CONTACTROD
OUTERLINE

0

C)

CD

10

FIGURE 3.5.2; gl= 0



FUEL ROD DEFORMATION PHASES

CONTACT

0

x

CD

C)

-4

FIGURE 3-5-3; g, = 0, F2 > F,

HI-20024441
F REVISION 0



FUEL ROD DEFORMATION PHASES

F3 -F
3

CD

I ca FIGURE 3.5.4; INTER-GRID STRAP DEFORMATION F3 > F2
_2
b0

N



I

FUEL ROD DEFORMATION PHASES

F4 - - - - - - - - - - - - - - - - - -- - - - - -- - - - - -- - - - -- - - - - -- - - - -- -- -- F4
A

"I-

0

(D70

0

01

C)
-4

FIGURE 3-.55; POINT CONTACT AT LOAD F4
MAXIMUM BENDING MOMENT AT A

1I-200244
I REVISION 0HI-2002444 REVTSTflN 0



FUEL ROD DEFORMATION PHASES

F5 F5

A' A'

0

C)

(D

C)

4I2O4t

FIGURE 3.5-6; EXTENDED REGION OF CONTACT
F5 > F4 , ZERO BENDING MOMENT AT A'

PREVISION 0



C

I

PAX

F

V
I

j
0
II

I
N

GRID STRAP

M

0

CD

V

F5

WHEN MOMENT AT A' = 0
RESISTING MOMENT MR

CELL WALL

FIGURE 3.5.7;
T1

0)

-4

FREE BODY DIAGRAM
PAX = F5 /COS (0).
AT GRID STRAP NOT SHOWN

4I-202444
RE-VISION 0-U-2O244 
EISI



W (Y)

a

g2-g 1

R RADIUS OF CURVATURE
AT POSITION OF
MAXIMUM DISPLACEMENT

Z=R-

W(I Y) = G-SIN( Tr Y/b C

FIGURE 3.5.8i; VIEW C -C

H12002444
I REVISION 0

HI-STORM 100 Rev. 5 - 6/21/07



MOMENT RESISTANCE
MAY BE PRESENT
AT GRID STRAP SUPPORT

g3 CELL WALL

F -
-E

-E

-E

-E

-- -- - -- - -- - -- - - -
92 - 91

Ep.-ANALYZED
E- FUEL ROD

E3- --

E3-- -

"I"

)o

RIGID FUEL BASKET
CELL WALL

TYPICAL FUEL ROD

0)

0)

C0

FIGURE 3.5.9; EXAGGERATED DETAIL SHOWING MULTIPLE FUEL RODS SUBJECT TO
LATERAL DEFLECTION WITH FINAL STACKING OF ROD COLUMN

HI-200244 SR-EVISION 0HI-200244A1 REVISION 0



3.6 SUPPLEMENTAL DATA

3.6.1 Additional Codes and Standards Referenced in HI-STORM 100 System Design and
Fabrication

The following additional codes, standards and practices were used as aids in developing the
design, manufacturing, quality control and testing methods for HI-STORM 100 System:

a. Design Codes

(1) AISC Manual of Steel Construction, 1964 Edition and later.

(2) ANSI N210-1976, "Design Requirements for Light Water Reactor Spent Fuel
Storage Facilities at Nuclear Power Stations".

(3) American Concrete Institute Building Code Requirements for Structural Concrete,
ACI-318-95.

(4) Code Requirements for Nuclear Safety Related Concrete Structures, AC1349-
85/AC1349R-85, and AC1349.1R-80.

(5) ASME NQA-1, Quality Assurance Program Requirements for Nuclear Facilities.

(6) ASME NQA-2-1989, Quality Assurance Requirements for Nuclear Facility
Applications.

(7) ANSI Y14.5M, Dimensioning and Tolerancing for Engineering Drawings and
Related Documentation Practices.

(8) ACI Detailing Manual - 1980.

(9) Crane Manufacturer's Association of America, Inc., CMAA Specification #70,
Specifications for Electric Overhead Traveling Cranes, Revised 1988.

b. Material Codes - Standards of ASTM

(1) E165 - Standard Methods for Liquid Penetrant Inspection.

(2) A240 - Standard Specification for Heat-Resisting Chromium and Chromium-
Nickel Stainless Steel Plate, Sheet and Strip for Fusion-Welded Unfired Pressure
Vessels.
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(3). A262 - Detecting Susceptibility to Intergranular Attack in Austenitic Stainless
Steel.

(4) A276 - Standard Specification for Stainless and Heat-Resisting Steel Bars and
Shapes.

(5) A479 - Steel Bars for Boilers & Pressure Vessels.

(6) ASTM A564, Standard Specification for Hot-Rolled and Cold-Finished Age-
Hardening Stainless and Heat-Resisting Steel Bars and Shapes.

(7) C750 - Standard Specification for Nuclear-Grade Boron Carbide Powder.

(8) A380 - Recommended Practice for Descaling, Cleaning and Marking Stainless
Steel Parts and Equipment.

(9) C992 - Standard Specification for Boron-Based Neutron Absorbing Material
Systems for Use in Nuclear Spent Fuel Storage Racks.

(10) ASTM E3, Preparation of Metallographic Specimens.

(11) ASTM E190, Guided Bend Test for Ductility of Welds.

(12) NCA3800 - Metallic Material Manufacturer's and Material Supplier's Quality
System Program.

c. Welding Codes: ASME Boiler and Pressure Vessel Code, Section IX - Welding and
Brazing Qualifications, 1995 Edition.

d. Quality Assurance, Cleanliness, Packaging, Shipping, Receiving, Storage, and Handling
Requirements

(1) ANSI 45.2.1 - Cleaning of Fluid Systems and Associated Components during
Construction Phase of Nuclear Power Plants.

(2) ANSI N45.2.2 - Packaging, Shipping, Receiving, Storage and Handling of Items
for Nuclear Power Plants (During the Construction Phase).

(3) ANSI - N45.2.6 - Qualifications of Inspection, Examination, and Testing
Personnel for Nuclear Power Plants (Regulatory Guide 1.58).
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(4) ANSI-N45.2.8, Supplementary Quality Assurance Requirements for Installation,
Inspection and Testing of Mechanical Equipment and Systems for the
Construction Phase of Nuclear Power Plants.

(5) ANSI - N45.2.1 1, Quality Assurance Requirements for the Design of Nuclear
Power Plants.

(6) ANSI-N45.2.12, Requirements -for Auditing of Quality Assurance Programs for
Nuclear Power Plants.

(7) ANSI N45.2.13 - Quality Assurance Requirements for Control of Procurement of
Equipment Materials and Services for Nuclear Power Plants (Regulatory Guide
1.123).

(8) ANSI N45.2.15-18 - Hoisting, Rigging, and Transporting of Items for Nuclear
Power Plants.

(9) ANSI N45.2.23 - Qualification of Quality Assurance Program Audit Personnel
for Nuclear Power Plants (Regulatory Guide 1.146).

(10) ASME Boiler and Pressure Vessel, Section V, Nondestructive Examination,
19955 Edition.

(11) ANSI - N 16.9-75 Validation of Calculation Methods for Nuclear Criticality
Safety.

e. Reference NRC Design Documents

(1) NUREG-0800, Radiological Consequences of Fuel Handling Accidents.

(2) NUREG-0612, "Control of Heavy Loads at Nuclear Power Plants", USNRC,
Washington, D.C., July, 1980.

(3) NUREG-1536, "Standard Review Plan for Dry Cask Storage Systems", USNRC,
January 1997, Final Report.

f. Other ANSI Standards (not listed in the preceding)

(I) ANSI/ANS 8.1 (N 16.1) - Nuclear Criticality Safety in Operations with
Fissionable Materials Outside Reactors.

(2) ANSI/ANS 8.17, Criticality Safety Criteria for the Handling, Storage, and
Transportation of LWR Fuel Outside Reactors.

(3) N45.2 - Quality Assurance Program Requirements for Nuclear Facilities - 1971.
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(4) N45.2.9-- Requirements for Collection, Storage and Maintenance of Quality
Assurance Records for Nuclear Power Plants - 1974.

(5) N45.2.10 - Quality Assurance Terms and Definitions - 1973.

(6) ANSI/ANS 57.2 (N210) - Design Requirements for Light Water Reactor Spent
Fuel Storage Facilities at Nuclear Power Plants.

(7) N14.6 (1993) - American National Standard for Special Lifting Devices for
Shipping Containers Weighing 10,000 pounds (4500 kg) or more for Nuclear
Materials.

(8) ANSI/ASME N626-3, Qualification and Duties of Personnel Engaged in ASME
Boiler and Pressure Vessel Code Section III, Div. 1, Certifying Activities.

g. Code of Federal Regulations

(1) 1OCFR20 - Standards for Protection Against Radiation.

(2) 1 OCFR21 - Reporting of Defects and Non-compliance.

(3) 1OCFR50 - Appendix A - General Design Criteria for Nuclear Power Plants.

(4) 1 OCFR50 - Appendix B - Quality Assurance Criteria for Nuclear Power Plants
and Fuel Reprocessing Plants.

(5) 1OCFR61 - Licensing Requirements for Land Disposal of Radioactive Material.

(6) 10CFR71 - Packaging and Transportation of Radioactive Material.

h. Regulatory Guides

(1) RG 1.13 - Spent Fuel Storage Facility Design Basis (Revision 2 Proposed).

(2) RG 1.25 - Assumptions Used for Evaluating the Potential Radiological
Consequences of a Fuel Handling Accident in the Fuel Handling and Storage
Facility of Boiling and Pressurized Water Reactors.

(3) RG 1.28 - (ANSI N45.2) - Quality Assurance Program Requirements.

(4) RG 1.29 - Seismic Design Classification (Rev. 3).

(5) RG 1.31 - Control of Ferrite Content in Stainless Steel Weld Material.
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(6) RG 1.38 - (ANSI N45.2.2) Quality Assurance Requirements for Packaging,
Shipping, Receiving, Storage and Handling of Items for Water-Cooled Nuclear
Power Plants.

(7) RG 1.44 - Control of the Use of Sensitized Stainless Steel.

(8) RG 1.58 - (ANSI N45.2.6) Qualification of Nuclear Power Plant Inspection,
Examination, and Testing Personnel.

(9) RG 1.61 - Damping Values for Seismic Design of Nuclear Power Plants, Rev. 0,
1973.

(10) RG 1.64 - (ANSI N45.2.1 1) Quality Assurance Requirements for the Design of
Nuclear Power Plants.

(11) RG 1.71 - Welder Qualifications for Areas of Limited Accessibility.

(12) RG 1.74 - (ANSI N45.2.10) Quality Assurance Terms and Definitions.

(13) RG 1.85 - Materials Code Case Acceptability - ASME Section 3, Div. 1.

(14) RG 1.88 - (ANSI N45.2.9) Collection, Storage and Maintenance of Nuclear
Power Plant Quality Assurance Records.

(15) RG 1.92 - Combining Modal Responses and Spatial Components in Seismic
Response Analysis.

(16) RG 1. 122 - Development of Floor Design Response Spectra for Seismic Design
of Floor-Supported Equipment or Components.

(17) RG 1.123 - (ANSI N45.2.13) Quality Assurance Requirements for Control of
Procurement of Items and Services for Nuclear Power Plants.

(18) RG 1.124 - Service Limits and Loading Combinations for Class 1 Linear-Type
Component Supports, Revision 1, 1978.

(19) Reg. Guide 3.4 - Nuclear Criticality Safety in Operations with Fissionable
Materials at Fuels and Materials Facilities.

(20) RG 3.41 - Validation of Calculational Methods for Nuclear Criticality Safety,
Revision 1, 1977.

(21) Reg. Guide 8.8 - Information Relative to Ensuring that Occupational Radiation
Exposure at Nuclear Power Plants will be as Low as Reasonably Achievable
(ALARA).
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(22) DG-8006, "Control of Access to High and Very High Radiation Areas in Nuclear
Power Plants".

i. Branch Technical Position

(1) CPB 9.1-1 - Criticality in Fuel Storage Facilities.

(2) ASB 9-2 - Residual Decay Energy for Light-Water Reactors for Long-Term
Cooling.

j. Standard Review Plan (NUREG-0800)

(1) SRP 3.2.1 - Seismic Classification.

(2) SRP 3.2.2 - System Quality Group Classification.

(3) SRP 3.7.1 - Seismic Design Parameters.

(4) SRP 3.7.2 - Seismic System Analysis.

(5) SRP 3.7.3 - Seismic Subsystem Analysis.

(6) SRP 3.8.4 - Other Seismic Category I Structures (including Appendix D),
Technical Position on Spent Fuel Rack.

(7) SRP 3.8.5 - Foundations

(8) SRP 9.1.2 - Spent Fuel Storage, Revision 3, 1981.

(9) SRP 9.1.3 - Spent Fuel Pool Cooling and Cleanup System.

(10) SRP 9.1.4 - Light Load Handling System.

(11) SRP 9.1.5 - Overhead Heavy Load Handling System.

(12) SRP 15.7.4 - Radiological Consequences of Fuel Handling Accidents.

k. AWS Standards

(1) AWS D1.1 - Structural Welding Code, Steel.

(2) AWS A2.4 - Standard Symbols for Welding, Brazing and Nondestructive
Examination.
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(3) AWS A3.0 - Standard Welding Terms and Definitions.

(4) AWS A5.12 - Tungsten Arc-welding Electrodes.

(5) AWS QC1 - Standards and Guide for Qualification and Certification of Welding
Inspectors.

I. Others

(1) ASNT-TC- 1 A - Recommended Practice for Nondestructive Personnel
Qualification and Certification.

(2) SSPC SP-2 - Surface Preparation Specification No. 2 Hand Tool Cleaning.

(3) SSPC SP-3 - Surface Preparation Specification No. 3 Power Tool Cleaning.

(4) SSPC SP-10 - Near-White Blast Cleaning.

3.6.2 Computer Programs

Three computer programs, all with a well established history of usage in the nuclear industry,
have been utilized to perform structural and mechanical analyses documented in this report.
These codes are ANSYS, DYNA3D, and WORKING MODEL. ANSYS is a public domain code
which utilizes the finite element method for structural analyses.

WORKING MODEL, Version V.3.0/V.4.0

This code is used in this 1OCFR72 submittal to compute the dynamic load resulting from
intermediate missile impact on the overpack closure and to evaluate the maximum elastic spring
rate associated with the target during a HI-TRAC handling accident event.

WORKING MODEL has been previously utilized in similar dynamic analyses of the HI-STAR
100 system (Docket No. 72-1008).

"WORKING MODEL" (V3.O/V4.0) is a Computer Aided Engineering (CAE) tool with an
integrated user interface that merges modeling, simulation, viewing, and measuring. The
program includes a dynamics algorithm that provides automatic collision and contact handling,
including detection, response, restitution, and friction.

Numerical integration is performed using the Kutta-Merson integrator which offers options for
variable or fixed time-step and error bounding.
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The Working Model Code is commercially available. Holtec has performed independent QA
validation of the code (in accordance with Holtec's QA requirements) by comparing the solution
of several classical dynamics problems with the numerical results predicted by Working Model.
Agreement in all cases is excellent.

Additional theoretical material is available in the manual: "Users Manual, Working Model,
Version 3", KnowledgeRevolution, 66 Bovet Road, Suite 200, San Mateo, CA, 94402.

This code has been acquired by MSC Software and has now been designated "VisualNastran
Desktop". The most current version, which has been used in this revision, is VN 2003. The
descriptions given above are still valid.

DYNA3D

"DYNA3D" is a nonlinear, explicit, three-dimensional finite element code for solid and
structural mechanics. It was originally developed at Lawrence Livermore Laboratories and is
ideally suited for study of short-time duration, highly nonlinear impact problems in solid
mechanics. DYNA3D is commercially available for both UNIX work stations and Pentium class
PCs running Windows 95 or Windows NT. The PC version has been fully validated at Holtec
following Holtec's QA procedures for commercial computer codes. This code is used to analyze
the drop accidents and the tip-over scenario for the HI-STORM 100. Benchmarking of
DYNA3D for these storage analyses is discussed and documented in Appendix 3.A. DYNA3D
is also known as LS-DYNA and is currently supported and distributed by Livermore Software.
Each update is independently subject to QA validation.

3.6.3 Appendices Included in Chapter 3

3.A HI-STORM Deceleration Under Postulated Vertical Drop Event and Tipover
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3.6.4 Calculation Packages

In addition to the calculations presented in Chapter 3, supporting calculation packages have been
prepared to document other information pertinent to the analyses. As new components are.added
(e.g., the HI-STORM IOOS versions and additional MPC's), supporting calculation packages
back up the summary results reported herein.

The calculation packages contain additional details on component weights, supporting calculations
for some results summarized in the chapter, and miscellaneous supporting data that supplements the
results summarized in Chapter 3 of the FSAR. All of the finite element tabular data, node and
element data, supporting figures, and numerical output for all fuel baskets are contained in the
calculation package supplement supporting Revision 1 of the FSAR.
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3.7 COMPLIANCE WITH NUREG-1536

Supporting information to provide reasonable assurance with respect to the adequacy of the HI-
STORM 100 System to store spent nuclear fuel in accordance with the stipulations of the
Technical Specifications (Chapter 12) is provided throughout this FSAR. An itemized table
(Table 3.0.1 at the beginning of this chapter) has been provided to locate and collate the
substantiating material to support the technical evaluation findings listed in NUREG-1536
Chapter 3, Article VI.

The following statements are germane to an affinrative safety evaluation:

" The design and structural analysis of the HI-STORM 100 System is in full
compliance with the provisions of Chapter 3 ofNUREG-1536 except as listed in
the Table 1.0.3 (list of code compliance exceptions).

" The list of Regulatory Guides, Codes, and standards presented in Section 3.6
herein is in full compliance with the provisions of NUREG-1536.

* All HI-STORM 100 structures, systems, and components (SSC) that are important
to safety (ITS) are identified in Table 2.2.6. Section 1.5 contains the design
drawings that describe the HI-STORM 100 SSCs in complete detail. Explanatory
narrations in Subsections 3.4.3 and 3.4.4 provide sufficient textual details to allow
an independent evaluation of their structural effectiveness.

* The requirements of 1OCFR72.24 with regard to information pertinent to
structural evaluation is provided in Chapters 2, 3, and 11.

* Technical Specifications pertaining to the structures of the HI-STORM 100
System have been provided in Section 12.3 herein pursuant to the requirements of
1 OCFR72.26.

" A series of analyses to demonstrate compliance with the requirements of
1OCFR72.122(b) and (c), and 1OCFR72.24(c)(3) have been performed which
show that SSCs designated as ITS possess an adequate margin of safety with
respect to all load combinations applicable to normal, off-normal, accident, and
natural phenomenon events. In particular, the following infornation is provided:

i. Load combinations for the fuel basket, enclosure vessel, and the HI-
STORM 1 00/HI-TRAC overpacks for normal, off-normal, accident, and
natural phenomenon events are compiled in Tables 2.2.14, 3.1.1, and 3.1.3
through 3.1.5, respectively.

ii. Stress limits applicable to the materials are found in Subsection 3.3.
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iii. Stresses at various locations in the fuel basket, the enclosure vessel, and
the HI-STORM I 00/HI-TRAC overpacks have been computed by
analysis.

Descriptions of stress analyses are presented in Sections 3.4.3 and 3.4.4.

iv. Factors of safety in the components of the HI-STORM 100 System are
reported as below:

a. Fuel basket Tables 3.4.3 and 3.4.6

b. Enclosure vessel Tables 3.4.4, 3.4.6, 3.4.7, and 3.4.8

c. HI-STORM 100 overpack/
HI-TRAC Table 3.4.5

d. Miscellaneous
components Table 3.4.9

e. Lifting devices Subsection 3.4.3

The structural design and fabrication details of the fuel baskets whose, safety
function in the HI-STORM 100 System is to maintain nuclear criticality safety,
have been carried'.out to comply with the provisions of Subsection NG of the
ASME Code (loc. cit.) Section III. The structural factors of safety, summarized in
Tables 3.4.3 and 3.4.6 for all credible load combinations under normal, off-
nornal, accident, and natural phenomenon events demonstrate that the Code
limits are satisfied in all cases. As the stress analyses have been performed using
linear elastic methods and the computed stresses are well within the respective
ASME Code limits, it follows that the physical geometry of the fuel basket will
not be altered under any load combination to create a condition adverse to
criticality safety. This conclusion satisfies the requirement of 1OCFR72.124(a),
with respect to structural margins of safety for SSCs important to nuclear
criticality safety.

" Structural margins of safety during handling, packaging, and transfer operations,
mandated by the provisions of 1OCFR Part 72.236(b), require that the lifting and
handling devices are engineered to comply with the stipulations of ANSI N 14.6,
NUREG-0612, Regulatory Guide 3.61, and NUREG-1536, and that the
components being handled meet the applicable ASME Code service condition
stress limits. The requirements of the governing codes for handling operations are
summarized in Subsection 3.4.3 herein. A summary table of factors of safety for
all ITS components under lifting and handling operations, presented in Subsection
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3.4.3, shows that adequate structural margins exist in all cases.

Consistent with the requirements of 1 OCFR72.236(i), the confinement boundary
for the HI-STORM 100 System has been engineered to maintain confinement of
radioactive materials under normal, off-normal, and postulated accident
conditions. This assertion of confinement integrity is made on the strength of the
following information provided in this FSAR.

i. The MPC Enclosure Vessel which constitutes the confinement boundary is
designed and fabricated in accordance with Section III, Subsection NB
(Class 1 nuclear components) of the ASME Code to the maximum extent
practicable.

ii. The MPC lid of the MPC Enclosure Vessel is welded using a strength
groove weld and is subjected to volumetric examination or multiple liquid
penetrant examinations, pressure testing, and liquid penetrant (root and
final) testing to establish a maximum confidence in weld joint integrity.

iii. The closure of the MPC Enclosure Vessel consists of two independent
isolation barriers.

iv. The confinement boundary is constructed from stainless steel alloys with a
proven history of material integrity under environmental conditions.

v. The load combinations for normal, off-normal, accident, and natural
phenomena events have been compiled (Table 2.2.14) and applied on the
MPC Enclosure Vessel (confinement boundary). The results, summarized
in Tables 3.4.4 through 3.4.9, show that the factor of safety (with respect
to the appropriate ASME Code limits) is greater than one in all cases.
Design Basis natural phenomena events such as tornado-borne missiles
(large, intermediate, or small) have also been analyzed to evaluate their
potential for breaching the confinement boundary. Analyses presented in
Subsection 3.4.8, and summarized in unnumbered tables in Subsection
3.4.8, show that the integrity of the confinement boundary is preserved
under all design basis projectile impact scenarios.

" The information on structural design included in this FSAR complies with the
requirements of I 0CFR72.120 and I OCFR72.122, and can be ascertained from the
information contained in Table 3.7.1.

* The provisions of features in the HI-STORM 100 structural design, listed in Table
3.7.2, demonstrate compliance with the specific requirements of 10CFR72.236(e),
(f), (g), (h), (i), (j), (k), and (m).
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Table 3.7.1

NUREG -1536 COMPLIANCE MATRIX FOR 1OCFR72.120 AND 1OCFR72.122 REQUIREMENTS

Location of Supporting
Item Compliance Information in This Document

Design and fabrication to All ITS components designed and fabricated to recognized Codes and
acceptable quality standards Standards:

* Basket: Subsection NG, Section III Subsections 2.0.1 and 3.1.1
Tables 2.2.6 and 2.2.7

* Enclosure Vessel: Subsection NB, loc. cit. Subsections 2.0.1 and 3.1.1
Tables 2.2.6 and 2.2.7

HI-STORM 100 Subsection NF, loc. cit. Subsections 2.0.2 and 3.1.1
Structure:

* HI-TRAC Structure: Subsection NF, loc. cit. Subsections 2.0.3 and 3.1.1

ii. Erection to acceptable quality . Concrete in HI-STORM 100 meets requirements of: Appendix 1..D
standards Subsection 3.3.2

ACI -349(85)

iii. Testing to acceptable quality All non-destructive examination of ASME Code components for Section 9.1

standards provisions in the Code (see exceptions in Table 2.2.15).

* Pressure test of pressure vessel per the Code. Section 9.1

• Testing for radiation containment per provisions of NUJREG- 1536 Sections 7.1 and 9.1

Concrete testing in accordance with ACI-349(85) Appendix I.D

iv. Adequate structural protection Analyses presented in Chapter 3 demonstrate that the confinement boundary Section 2.2
against environmental will preserve its integrity under all postulated off-nonnal and natural
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Table 3.7.1

NUREG - 1536 COMPLIANCE MATRIX FOR 1OCFR72.120 AND 1OCFR72.122 REQUIREMENTS

Location of Supporting
Item Compliance Information in This Document

conditions and natural phenomena events listed in Chapters 2. Chapter II
phenomena.

v. Adequate protection against • The extent of combustible (exothermic) material in the vicinity of Subsections 12.3.20 and 12.3.21
fires and explosions the cask system is procedurally controlled (the sole source of

hydrocarbon energy is diesel in the tow vehicle).

Analyses show that the heat energy released from the postulated fire Subsection 11.2.4
accident condition surrounding the cask will not result in impairment
of the confinement boundary and will not lead to structural failure of
the overpack. The effect on shielding will be localized to the
external surfaces directly exposed to the fire which will result in a
loss.of the water in the water jacket for the HI-TRAC, and no
significant change in the HI-STORM 100 overpack.

Explosion effects are shown to be bounded by the Code external Subsection 11.2.11 and
pressure design basis and there is no adverse effect on ready Subsection 3.1.2.1.1.4; 3.4.7
retrievability of the MPC.

vi. Appropriate inspection, Inspection, maintenance, and testing requirements set forth in this FSAR are Sections 9.1 and 9.2
maintenance, and testing in full compliance with the governing regulations and established industry Chapter 12

practice.

vii. Adequate accessibility in The HI-STORM 100 overpack lid can be removed to gain access to the multi- Chapter 8
emergencies. purpose canister.

The HI-TRAC transfer cask has removable bottom and top lids. Chapter 8

viii. A confinement barrier that The peak temperature of the fuel cladding at design basis heat duty of each Subsection 4.4.2
acceptably protects the spent MPC has been demonstrated to be maintained below the limits specified in
fuel cladding during storage. ISG-11 [4.1.4].

1 The confinement barriers consist of highly ductile stainless steel alloys. The Subsection 3.1.1
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Table 3.7.1

NUREG -1536 COMPLIANCE MATRIX FOR 1OCFR72.120 AND 1OCFR72.122 REQUIREMENTS

Location of Supporting
Item Compliance Information in This Document

multi-purpose canister is housed in the overpack, built from a steel structure Subsection 3.1.2.3
whose materials are selected and examined to maintain protection against
brittle fracture under off-normal ambient (cold) temperatures (minimum of-
40°F).

ix. The structures are compatible The HI-STORM 100 overpack is a thick, upright cylindrical structure with Section 1.5,
with the appropriate large ventilation openings near the top and bottom. These openings are Subsection 2.3.3.2
monitoring systems. designed to prevent radiation streaming while enabling complete access to

temperature monitoring probes.

x. Structural designs that are The fuel basket is designed to be an extremely stiff honeycomb structure such Subsection 3.1.1
compatible with ready that the storage cavity dimensions will remain unchanged under all postulated
retrievability of fuel. normal and accident events. Therefore, the retrievablity of the spent nuclear

fuel from the basket will not be jeopardized.

The MPC canister lid is attached to the shell with a groove weld which is Sections 8.1 and 8.3
made using an automated welding device. A similar device is available to
remove the weld. Thus, access to the fuel basket can be realized.

The storage overpack and the transfer casks are designed to withstand Section 3.4
accident loads without suffering permanent deformations of their structures
that would prevent retrievability of the MPC by normal means. It is
demonstrated by analysis that there is no physical interference between the
MPC and the enveloping HI-STORM storage overpack or HI-TRAC transfer
cask.
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Table 3.7.2

COMPLIANCE OF HI-STORM 100 SYSTEM WITH 1OCFR72.236(e), ET ALS.

Location of Supporting
Item Compliance Information in This Document

i. Redundant sealing of Two physically independent lids, each separately welded to the MPC shell Section 1.5, Drawings
confinement systems. (Enclosure Vessel shell) provide a redundant confinement system.

Section 7.1.

ii. Adequate heat removal Thermal analyses presented in Chapter 4 show that the HI-STORM 100 Sections 4.4 and Sections 9.1 and
without active cooling System will remove the decay heat generated from the stored spent fuel by 9.2
systems. strictly passive means and maintain the system temperature within prescribed

limits.

iii. Storage of spent fuel for a The service life of the MPC, storage overpack, and HI-TRAC are engineered Subsections 3.4.11 and 3.4.12
minimum of 20 years. to be in excess of 20 years.

iv. Compatibility with wet or dry • The system is designed to eliminate any material significant Subsection 3.4.1
spent fuel loading and interactions in the wet (spent fuel pool) environment.
unloading facilities.

The HI-TRAC transfer cask is engineered for full compatibility with Subsection 8. 1.1
the MPCs, and standard loading and unloading facilities.

The 1I-TRAC System is engineered for MPC transfer on the ISFSI Subsection 8.1.1
pad with full consideration of ALARA and handling equipment
compatibility.

v. Ease of decontamination. The external surface of the multi-purpose canister is protected from Figures 8.1.13 and 8:1.14
contamination during fuel loading through a custom designed
sealing device.

* The HI-STORM storage overpack is not exposed to contamination Chapter 8

All exposed surfaces of the HI-TRAC transfer cask are coated to aid Section 1.5, Drawings
in decontamination

vi. Inspection of defects that ° The MPC enclosure vessel is designed and fabricated in accordance Section 9.1
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Table 3.7.2

COMPLIANCE OF HI-STORM 100 SYSTEM WITH 1OCFR72.236(e), ET ALS.

Location of Supporting
Item Compliance Information in This Document

might reduce confinement with ASME Code, Section III, Subsection NB, to the maximum
effectiveness, extent practical.

Pressure testing and NDE of the closure welds verify containment
effectiveness.

vii. Conspicuous and durable The stainless steel lid of each MPC will have model number and serial N/A
marking. number engraved for ready identification.

The exterior envelope of the cask (the storage overpack) is marked in a
conspicuous manner as required by 1OCFR 72.236(k).

viii. Compatibility with removal of The MPC is designed to be in full compliance with the DOE's draft Section 2.4
the stored fuel from the site, specification for transportability and disposal published under the now Subsection 1.2.1.1
transportation, and ultimate dormant "MPC" program.
disposal by the U.S.
Department of Energy.
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APPENDIX 3.A: HI-STORM DECELERATION UNDER POSTULATED
VERTICAL DROP EVENT AND TIPOVER

3.A. I INTRODUCTION

Handling accidents with a HI-STORM overpack containing a loaded MPC are credible events
(Section 2.2.3). The stress analyses carried out in Chapter 3 of this safety analysis report assume that
the inertial loading on the load bearing members of the MPC, fuel basket, and the overpack due to a
handling accident are limited by the Table 3.1.2 decelerations. The maximum deceleration
experienced by a structural component is the product of the rigid body deceleration sustained by the
structure and the dynamic load factor (DLF) applicable to that structural component. The dynamic
load factor (DLF) is a function of the contact impulse and the structural characteristics of the
component. A solution for dynamic load factors is provided in Appendix 3.X.

The rigid body deceleration is a strong function of the load-deformation characteristics of the impact
interface, weight of the cask, and the drop height or angle of free rotation. For the HI-STORM 100
System, the weight of the structure and its surface compliance characteristics are known. However,
the contact stiffness of the ISFSI pad (and other surfaces over which the HI-STORM 100 may be
carried during its movement to the ISFSI) is site-dependent. The contact resistance of the collision
interface, which is composed of the HI-STORM 100 and the impacted surface compliance, therefore,
is not known a priori for a specific site. Analyses for the rigid body decelerations are, therefore,
presented here using a reference ISFSI pad (which is the pad used in a recent Lawrence Livermore
National Laboratory report and is the same reference pad used in the HI-STAR 100 FSAR). The
finite element model (grid size, extent of model, soil properties, etc.) follows the LLNL report.

An in-depth investigation by the Lawrence Livermore Laboratory (LLNL) into the mechanics of
impact between a cask-like impactor on a reinforced concrete slab founded on a soil-like subgrade
has identified three key parameters, namely, the thickness of the concrete slab, tp, compressive
strength of the concrete fc' and equivalent Young's Modulus of the subgrade E. These three
parameters are key variables in establishing the stiffness of the pad under impact scenarios. The
LLNL reference pad parameters, which we hereafter denote as Set A, provide one set of values of tp,
fc', and E that are found to satisfy the deceleration criteria applicable to the HI-STORM 100 cask.
Another set of parameters, referred to as Set B herein, is also shown to satisfy the g-load limit
requirements. In fact, an infinite number of combinations of tp, fc' , and E can be compiled that
would meet the g-load limit qualification. However, in addition to satisfying the g-limit criterion, the
pad must be demonstrated to possess sufficient flexural and shear stiffness to meet the ACI 318
strength limits under factored load combinations. The minimum strength requirement to comply with
ACI 318 provisions places a restriction on the lower bound values of tp, f,' , and E that must be met
in an ISFSI pad design.
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Our focus in this appendix, however, is to quantify the peak decelerations that would be experienced
by a loaded HI-STORM 100 cask under the postulated impact scenarios for the two pad designs
defined by parameter Sets A and B, respectively. The information presented in this appendix also
serves to further authenticate the veracity of the Holtec DYNA3D model described in the 1997
benchmark report [3.A.4.]

3.A.2 Purpose

The purpose of this appendix is to demonstrate that the rigid body deceleration experienced by the
HI-STORM 100 System during a handling accident or non-mechanistic tip-over are below the
design basis deceleration of 45g's (Table 3.1.2). Two accidental drop scenarios of a loaded HI-
STORM 100 cask on the ISFSI pad are considered in this appendix. They are:

Tipover: A loaded HI-STORM 100 is assumed to undergo a non-mechanistic tipover event
and impacting the ISFSI pad with an incipient impact angular velocity, which is readily
calculated from elementary dynamics.

ii. End drop: The loaded HI-STORM 100 is assumed to drop from a specified height h, with its
longitudinal axis in the vertical orientation, such that its bottom plate impacts the ISFSI pad.

It is shown in Appendix 3.X that dynamic load factors are a function of the predominate natural
frequency of vibration of the component for a given input load pulse shape. Dynamic load factors
are applied, as necessary, to the results of specific component analyses performed using the loading
from the design basis rigid body decelerations. Therefore, for the purposes of this Appendix 3.A, it
is desired to demonstrate that the rigid body deceleration experienced in each of the drop scenarios is
below the HI-STORM 100 45g design basis.

3.A.3 Background and Methodology

In 1997 Lawrence Livermore National Laboratory (LLNL) published the experimentally obtained
results of the so-called fourth series billet tests [3.A.1] together with a companion report [3.A.2]
documenting a numerical solution that simulated the drop test results with reasonable accuracy.
Subsequently, USNRC personnel published a paper [3.A.3] affirming the NRC's endorsement of the
LLNL methodology. The LLNL simulation used modeling and simulation algorithms contained
within the commercial computer code DYNA3D [3.A.6].

The LLNL cask drop model is not completely set forth in the above-mentioned LLNL reports. Using
the essential information provided by the LLNL [3.A.2] report, however, Holtec is able to develop a
finite element model for implementation on LS-DYNA3D [3.A.5] which is fully consistent with
LLNL's (including the use of the Butterworth filter for discerning rigid body deceleration from
"noisy" impact data). The details of the LS-DYNA3D dynamic model, henceforth referred to as the
Holtec model, are contained in the proprietary benchmark report [3.A.4] wherein it is shown that the
peak deceleration in every case of billet drop analyzed by LLNL is replicated within a small
tolerance by the Holtec model. The case of the so-called "generic" cask, for which LLNL provided
predicted response under side drop and tipover events, is also bounded by the Holtec model. In
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summary, the benchmarking effort documented in [3.A.4] is in full compliance with the guidance of
the Commission [3.A.3].

Having developed and benchmarked an LLNL-consistent cask impact model, a very similar model is
developed and used to prognosticate the HI-STORM drop. scenarios. The reference elasto-plastic-
damage characteristics of the target concrete continuum used by LLNL, and used in the HI-STAR
100 FSAR are replicated herein. The HI-STORM 100 target model is identical in all aspects to the
reference pad approved for the HI-STAR 100 FSAR.

In the tipover scenario the cask surface structure must be sufficiently pliable to cushion the impact
and limit the rigid body deceleration. The angular velocity at the contact time is readily calculated
using planar rigid body dynamics and is used as an initial condition in the LS-DYNA3D simulation.

The end drop event produces a circular impact patch equal to the diameter of the overpack baseplate.
The elasto-plastic-damage characteristics of the concrete target and the drop height determine the
maximum deceleration. A maximum allowable height "h" is determined to limit the deceleration to a
value below the design basis.

A description of the work effort and a summary of the results are presented in the following sections.
In all cases, the reported decelerations are below the design basis of 45g's at the top of the MPC fuel
basket.

3.A.4 Assumptions and Input Data

3.A.4.1 Assumptions

The assumptions used to create the model are completely described in Reference [3.A.4] and are
shown thereto be consistent with the LLNL simulation. There are key aspects, however, that are
restated here:

The maximum deceleration experienced by the cask during a collision event is a direct function of
the structural rigidity (or conversely, compliance) of the impact surface. The compliance of the
ISFSI pad is quite obviously dependent on the thickness of the pad, tp, the compressive strength of
the concrete, f,' and stiffness of the sub-grade (expressed by its effective Young's modulus, E). The
structural rigidity of the ISFSI pad will increase if any of the three above-mentioned parameters ( tp,
fc' or E) is increased. For the reference pad, the governing parameters (i.e., tp, f,' and E) are
assumed to be identical to the pad defined byLLNL [3.A.2], which is also the same as the pad
utilized in the benchmark report [3.A.4]. We refer to the LLNL ISFSI pad parameters as Set A.
(Table 3.A. 1).

As can be seen from Table 3.A. 1, the nominal compressive strength fc' in Set A is limited to 4200
psi. However, experience has shown that ISFSI owners have considerable practical difficulty in
limiting the 28 day strength of poured concrete to 4200 psi, chiefly because a principal element of
progress in reinforced concrete materials technology has been in realizing ever increasing concrete
nominal strength. Inasmuch as a key objective of the ISFSI pad is to limit its structural rigidity (and
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not f,' per se), and limiting f,' to 4200 psi may be problematic in certain cases, an alternative set of
reference pad parameters is defined (Set B in Table 3.A. 1), which permits a higher value of f,' but
much smaller values of pad thickness, tp and sub-grade Young's modulus, E.

The ISFSI owner has the option of constructing the pad to comply with the limits of Set A or Set B
without performing site-specific cask impact analyses. It is recognized that, for a specific ISFSI site,
the reinforced concrete, as well as the underlying engineered fill properties, may be different at
different locations on the pad or may be uniform, but non-compliant with either Set A or Set B. In
that case, the site-specific conditions must be performed to demonstrate compliance with the design
limits of the HI-STORM system (e.g., maximum rigid body g-load less than 45 g's). The essential
data which define the pad (Set A and Set B) used to qualify the HI-STORM 100 are provided in
Table 3.A. 1.

The HI-STORM 100 steel structural elements (outer shell, inner shell, radial plates, lid, etc.), are
fabricated from SA-516 Grade 70. The steel is described as a bi-linear elastic-plastic material with
limited strain failure by five material parameters (E, Sy, Sl, e , and v). The numerical values used in
the finite element model are shown in Table 3.A.2. The concrete located inside of the overpack for
this dynamic analysis is defined to be identical with the concrete pad. This is conservative since the
concrete assumed in the reference pad is reinforced. Therefore, the strength of the concrete inside the
HI-STORM 100 absorbs less energy if it is also assumed to be reinforced.

3.A.4.2 Input Data

Table 3.A. 1 characterizes the properties of the full-scale reference target pad used in the analysis of
the full size HI-STORM 100 System. The principal strength parameters that define the stiffness of
the pad, namely, tp, E and fc' are input in the manner described in [3.A.2] and [3.A.4].

Table 3.A.2 contains the material description parameters for the steel types; SA-516-70 used in the
numerical investigation.

Table 3.A.3 details the geometry of the HI-STORM 100 used in the drop simulations. This data is
taken from applicable HI-STORM 100 drawings.

3.A.5 Finite Element Model

The finite-element model of the Holtec HI-STORM 100 overpack (baseplate, shells, radial plates,
lid, concrete, etc.), concrete pad and a portion of the subgrade soil is constructed using the pre-
processor integrated with the LS-DYNA3D software [3.A.5]. The deformation field for all
postulated drop events (the end-drop and the tipover) exhibits symmetry with the vertical plane
passing through the cask diameter and the concrete pad length. Using this symmetry condition of the
deformation field only a half finite-element model is constructed. The finite-element model is
organized into nineteen independent parts (the baseplate components, the outer shell, the inner shell,
the radial plates, the channels, the lid components, the basket steel plates, the basket fuel zone, the
concrete pad and the soil). The final model contains 30351 nodes, 24288 solid type finite-elements,
1531 shell type finite-elements, seven (7) materials, ten (10) properties and twenty-four (24)
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interfaces. The finite-element model used for the tipover-drop event is depicted in Figures 3.A. 1
through 3.A.4. Figures 3.A.5 through 3.A.8 show the end-drop finite-element model.

The soil grid, shown in Figure 3.A.9, is a rectangular prism (800 inches long, 375 inches wide and
470 inches deep), is constructed from 13294 solid type finite-elements. The material defining this
part is an elastic isotropic material. The central portion of the soil (400 inches long, 150 inches wide
and 170 inches deep) where the stress concentration is expected to appear is discretized with a finer
mesh.

The concrete pad is 320 inches long, 100 inches wide and is 36 inches thick. This part contains 8208
solid finite-elements. A uniform sized finite-element mesh, shown in Figure 3.A. 10, is used to model
the concrete pad. The concrete behavior is described using a special constitutive law and yielding
surface (MATPSEUDOTENSOR) contained within LS-DYNA3D. The geometry, the material
properties, and the material behavior are identical to the LLNL reference pad (Material 16 IIB).

The half portion of the steel cylindrical overpack contains 1531 shell finite-elements. The steel
material description (SA-516-70) is realized using a bi-linear elasto-plastic constitutive model
(MATPIECEWISELINEARPLASTICITY). Figure 3.A.11 depicts details of the steel
components of the cask finite-element mesh, with the exception of the inner shell, channels and lid
components, which are shown in Figures 3.A. 12 and 3.A. 13. The concrete filled between the inner
and the outer shells, and contained in the baseplate and lid components is modeled using 1664 solid
finite-elements and is depicted in Figure 3.A. 14. The concrete material is defined identical to the pad
concrete.

The MPC and the contained fuel are modeled in two parts that represent the lid and baseplate, and
the fuel area. An elastic material is used for both parts. The finite-element mesh pertinent to the
MPC contains 1122 solid finite-elements and is shown in Figure 3.A.15. The mass density is
appropriate to match a representative weight of 356,521 lb. that is approximately mid-way between
the upper and lower weight estimates for a loaded HI-STORM 100.

The total weight used in the analysis is approximately 2,000 lb. lighter than the HI-STORM 100
containing the lightest weight MPC.

Analysis of a single mass impacting a spring with a given initial velocity shows that both the
maximum deceleration "aM" of the mass and the time duration of contact with the spring "t," are
related to the dropped weight "w" and drop height "h" as follows:

v47
aM J- ; t:

Therefore, the most conservatism is introduced into the results by using the minimum weight. It is
emphasized that the finite element model described in the foregoing is identical in its approach to the
"Holtec model" described in the benchmark report [3.A.4]. Gaps between the MPC and the overpack
are included in the model.
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3.A.6 Impact Velocity

a. Linear Velocity: Vertical Drops

For the vertical drop event, the impact velocity, v, is readily calculated from the Newtonian
formula:

v= (2gh)

where
g = acceleration due to gravity
h = free-fall height

b. Angular Velocity: Tip-Over

The tipover event is an artificial construct wherein the HI-STORM 100 overpack is assumed
to be perched on its edge with its C.G. directly over the pivot point A (Figure 3.A. 16). In this
orientation, the overpack begins its downward rotation with zero initial velocity. Towards
the end of the tip-over, the overpack is horizontal with its downward velocity ranging from
zero at the pivot point (point A) to a maximum at the farthest point of impact (point E in
Figure 3.A. 17). The angular velocity at the instant of impact defines the downward velocity
distribution along the contact line.

In the following, an explicit expression for calculating the angular velocity of the cask at the instant
when it impacts on the ISFSI pad is derived. Referring to Figure 3.A.16, let r be the length AC
where C is the cask centroid. Therefore,

r _= ( _ + h 2 / 2

The mass moment of inertia of the HI-STORM 100 System, considered as a rigid body, can be
written about an axis through point A, as

IA = 1, + r• 2
g
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where I1 is the mass moment of inertia about a parallel axis through the cask centroid C and W is the
weight of the cask (W = Mg).

Let 0 1(t) be the rotation angle between a vertical line and the line AC. The equation of motion for
rotation of the cask around point A, during the time interval prior to contact with the ISFSI pad, is

d2O,

IA ' = Mgr sin 0,
dt2

This equation can be rewritten in the form

IA d (O) 2 _Mgr sin 0,
2 do 1

which can be integrated over the limits 01 = 0 to 01 = 0 2f (See Figure 3.A. 17).

The final angular velocity 01 at the time instant just prior to contact with the ISFSI pad is given by
the expression

d, Wt) 2Mg -(1- COS 02f)
2'Agr

where, from Figure 3.A. 17

02f~cs CO 2r

This equation establishes the initial conditions for the final phase of the tip-over analysis; namely,
the portion of the motion when the cask is decelerated by the resistive force at the ISFSI pad
interface.

Using the data germane to HI-STORM 100 (Table 3.A.3), and the above equations, the angular
velocity of impact is calculated as 1.49 rad/sec.
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3.A.7 Results

3.A.7.1 Set A Pad Parameters

It has been previously demonstrated in the benchmark report [3.A.4] that bounding rigid body
decelerations are achieved if the cask is assumed to be rigid with only the target (ISFSI pad)
considered as an energy absorbing media. Therefore, for the determination of the bounding
decelerations reported in this appendix, the HI-STORM storage overpack was conservatively made
rigid except for the radial channels that position the MPC inside of the overpack. The MPC material
behavior was characterized in the identical manner used in the Livermore Laboratory analysis as was
the target ISFSI pad and underlying soil. The LS-DYNA3D time-history results are processed using
the Butterworth filter (in conformance with the LLNL methodology) to establish the rigid body
motion time-history of the cask. The material points on the cask where the acceleration displacement
and velocity are computed for each of the drop scenarios are shown in Figure 3.A. 18.

Node 82533 (Channel A 1), which is located at the center of the outer surface of the baseplate, serves
as the reference point for end-drop scenarios.

Node 84392 (Channel A2), which is located at the center of the cask top lid outer surface, serves as

the reference point for the tipover scenario with the pivot point indicated as Point 0 in Figure 3.A. 18.

The final results are shown in Table 3.A.4.

i. Tipover:

The time-histories of the impact force, the displacement and velocity time-histories of
Channel A2, and the average vertical deceleration of the overpack lid top plate have been
determined for this event [3.A.7].

The deceleration at the top of the fuel basket is obtained by ratioing the average deceleration
of the overpack lid top plate. The maximum filtered deceleration at the top of the fuel basket
is 42.85g's, which is below the design basis limit.
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ii. End Drop:

The drop height h = 11" is considered in the numerical analysis. This is considered as an
acceptable maximum carry height for the HI-STORM 100 System if lifted above a surface
with design values oftp, f,', and E equal to those presented in Table 3.A. 1 for Parameter Set
"A". The maximum filtered deceleration at the top of the fuel basket is 43.98g's, which is
below the design basis limit.

The computer code utilized in this analysis is LS-DYNA3D [3.A.5] validated under Holtec's QA
system. Table 3.A.4 summarizes the key results from all impact simulations for the Set A parameters
discussed in the foregoing.

The filter frequencies (to remove unwanted high-frequency contributions) for the Holtec cask
analyses analyzed in this TSAR is the same as used for the corresponding problem analyzed in
[3.A.2] and [3.A.4]. To verify the Butterworth filter parameters (350 Hz cutoff frequency, etc.) used
in processing the numerical data, a Fourier power decomposition was generated.

3.A.7.2 Set B Parameters

As stated previously, Set B parameters produce a much more compliant pad than the LLNL
reference pad (Set A). This fact is borne out by the tipover and end analyses performed on the pad
defined by the Set B parameters. Table 3.A.4 provides the filtered results for the two impact
scenarios. In every case, the peak decelerations corresponding to Set B parameters are less than
those for Set A (also provided in Table 3.A.4).

Impact force and acceleration time history curves for Set B have the same general shape as those for
Set A and are contained in the calculation package [3.A.7]. All significant results are summarized in
Table 3.A.4.

3.A.8 Computer Codes and Archival Information

The input and output files created to perform the analyses reported in this appendix are archived in
Holtec International calculation package [3.A.7].
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3.A. 9 Conclusion

The DYNA3D analysis of HI-STORM 100 reported in this appendix leads to the following
conclusion:

a. If a loaded HI-STORM undergoes a free fall for a height of 11 inches in a vertical
orientation on to a reference pad defined by Table 3.A. 1, the maximum rigid body
deceleration is less than 45g's for both Set A and Set B pad parameters.

b. If a loaded HI-STORM 100 overpack pivots about its bottom edge and tips over on
to a reference pad defined by Table 3.A. 1, then the maximum rigid body deceleration
of the cask centerline at the plane of the top of the MPC fuel basket cellular region is
less than 45g's for both Set A and Set B parameters.

Table 3.A.4 provides key results for all drop cases studied herein for both pad parameter sets (A and
B)' If the pad designer maintains each of the three significant parameters (tp, fc', and E) below the
limit for the specific set selected (Set A or Set B), then the stiffness of the pad at any ISFSI site will
be lower and the computed decelerations at the ISFSI site will also be lower. Furthermore, it is
recognized that a refinement of the cask dynamic model will accrue further reduction in the
computed peak deceleration. For example, incorporation of the structural flexibility in the MPC
enclosure vessel, fuel basket, etc., would lead to additional reductions in the computed values of the
peak deceleration. These refinements, however, add to the computational complexity. Because g-
limits are met without the above-mentioned and other refinements in the cask dynamic model, the
simplified dynamic model described in this appendix was retained to reduce the overall
computational effort.
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Table 3.A. 1: Essential Variables to Characterize the ISFSI Pad (Set A and Set B)

Item Parameter Set A Parameter Set B

Thickness of concrete, (inches) 36 28

Nominal compressive strength of concrete at 28 4,200 6,000
days, (psi)
Max. modulus of elasticity of the subgrade (psi) 28,000 16,000

Notes: 1. The concrete Young's Modulus is derived from the American Concrete Institute
recommended formula 57,000/f where f is the nominal compressive strength of the
concrete (psi).

2. The effective modulus of elasticity of the subgrade will be measured by the classical
"plate test" or other appropriate means before pouring of the concrete to construct
the ISFSI pad.

3. The pad thickness, concrete compressive strength, and the subgrade soil effective
modulus are the upper bound values to ensure that the deceleration limits under the
postulated events set forth in Table 3.1.2 are satisfied.
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Table 3.A.2: Essential Steel Material Properties for HI-STORM 100 Overpack

Steel Type Parameter Value

SA-516-70 at T = 350 deg. F E 2.800E + 07

SY 3.315E+04 psi

SU 7.OOOE+04 psi

C= U0.21

v 0.30

Note that the properties of the steel components, except for the radial channels used to position the
MPC, do not affect the results reported herein since the HI-STORM 100 is eventually assumed to
behave as a rigid body (by internal constraint equations automatically computed by DYNA3D upon
issue of a "make rigid" command). In Section 3.4, however, stress and strain results for an additional
tip-over analysis, performed using the actual material behavior ascribed to the storage overpack, are
presented for the sole purpose of demonstrating ready retrievability of the MPC after the tip-over. As
an option, the radial channels may be fabricated from SA240-304 material. The difference in
material properties, however, has a negligible effect on the end results.
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Table 3.A.3: Key Input Data in Drop Analyses

Overpack weight 267,664 lb

Radial Concrete weight 163,673 lb

Length of the cask 231.25 inches

Diameter of the bottom plate 132.50 inches

Inside diameter of the cask shell 72.50 inches

Outside diameter of the cask shells 132.50 inches

MPC weight (including fuel) 88,857 lb

MPC height 190.5 inches

MPC diameter 68.375 inches

MPC bottom plate thickness 2.5 inches

MPC top plate thickness 9.5 inches
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Table 3.A.4: Filtered Results for Drop and Tip-Over Scenarios for HI-STORM 100*

Max. Displacement Impact Velocity Max. Decelerationtt Duration of
Drop Event (inch) (in/sec) at the Top of the Deceleration Pulse

(g's) Basket (msec)
Set A Set B Set A Set B Set A Set B

End Drop for 11 0.65 0.81 92.2 43.98 41.53 3.3 3.0
inches
Non-Mechanistic 4.25 5.61 304.03 42.85 39.91 2.3 2.0
Tip-over I

The passband frequency of the Butterworth filter is 350 Hz.

,tThe distance of the top of the fuel basket is 206" from the pivot point. The distance of the top of the
cask is 231.25" from the pivot point. Therefore, all displacements, velocities, and accelerations at the
top of the fuel basket are 89.08% of those at the cask top (206"/231.25").
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Fig 3.A. 14 Overpack Concrete Components Finite-Element Model (3-D View)
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