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U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

Subject: USNRC Docket No. 72-1014; TAC No. L22221
HI-STORM 100 Certificate of Compliance 1014
HI-STORM FSAR, Revision 0

References: 1. Holtec Project 5014
2. NRC Letter, E.W. Brach, to Holtec International, K.P. Singh, dated May 4, 2000

Dear Sir:

On May 4, 2000 the Nuclear Regulatory Commission issued the final 10 CFR 72 Certificate of
Compliance (CoC) and Safety Evaluation Report for the HI-STORM 100 dry cask spent fuel storage
system. The CoC became effective on May 31, 2000. In accordance with 10 CFR 72.248(a)(1),
enclosed herewith please find one copy of Holtec Report No. HI-2002444, Revision 0, comprising
the HI-STORM 100 System Final Safety Analysis Report (FSAR). The HI-STORM FSAR is
identical to HI-STORM TSAR, Revision 10 with the following clarifications:

1. The term “TSAR” is changed to “FSAR” throughout, except where reference is made to the
HI-STAR 100 System, where the term “TSAR” is still correct.

2. A small number of typographical errors have been corrected.

3. An editorial clarification is made to Subsection 3.4.7.1 to conform to a change made in
Chapter 2 (Table 2.2.9) during final licensing to require verification by testing of the
coefficient of friction between the HI-STORM 100 cask and the ISFSI pad. Since testing is
required, the requirement for a “broom finish” on the ISFSI pad concrete has been made
optional at the user’s discretion.

4. Figure 5.1.4 has been revised to more accurately depict the HI-TRAC 100 lid design.
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CHAPTER 1": 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 supporta United States Nuclear Regulatory Commission
(NRC) licensing review as a spent nuclear fuel (SNF) dry storage cask under requirements specified
in 10CFR72 [1.0.1]. This application seeks NRC approval and issuance of a Certificate of
Compliance (C of C) for storage under provisions of 10CFR72, 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 applicant. This report is also suitable for
incorporation into a site-specific Safety Analysis Report which may be submitted by an applicant for
the 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 10CFR72 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 requirements. 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

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).

HI-STORM FSAR Rev. 0
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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.

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 10CFR72, Subpart K, site-specific implementation of the generically certified HI-
STORM 100 System requires that the licensee perform a site-specific safety evaluation, as defined
in 10CFR72.212. 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 10CFR72.212 evaluation. These
include:

’ Siting of the ISFSI and design of the storage pad 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 10CFRS50
requirements and fechnical 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.

HI-STORM FSAR Reu. 0
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. Implementation of a safeguards and accountability program in accordance with
10CFR73. Preparation of a physical security plan in accordance with 10CFR73.55.

. Review of the reactor emergency plan, quality assurance (QA) program, training
program, and radiation protection program.

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 10CFR72.212 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.

This document is exactly the same as Revision 10 of the HI-STORM Topical Safety Analysis Report
(TSAR) with the following clarifications:

. typographical errors have been corrected,
. pagination may be slightly different, and
. the term “TSAR” has been replaced with the term “FSAR” or “SAR” when referring to the

HI-STORM document (references to the HI-STAR TSAR remain).
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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.

Boral™ means Boral manufactured by AAR Advanced Structures.

BWR is an acronym for boiling water reactor.

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

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

welded to the lid and MPC shell providing the redundant sealing.

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

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.

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, missing fuel rods
that are not replaced with dummy fuel rods, or those that cannot be handled by normal means.
A damaged fuel assembly’s inability to be handled by normal means may be due to mechanical
damage and must not be due to fuel cladding damage.

HI-STORM FSAR Rev. 0
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

Damaged Fuel Container 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 (DFC) features a lifting location which is suitable for
remote handling of a loaded or unloaded DFC.

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 10CFR72 Subpart G. The Design Report shall demonstrate compliance with the
requirements set forth in the Design Specification. A Design Report is mandatory for systems,
structures, and components designated as Important to Safety.

Design Specification is a document prepared in accordance with the quality assurance
requirements of 10CFR72 Subpart G to provide a complete set of design criteria and functional
requirements for a system, structure, or component, designated as Important to Safety, intended
to be used in the operation, implementation, or decommissioning of the HI-STORM 100 System.

Enclosure Vessel means the pressure vessel defined by the cylindrical shell, baseplate, port
cover plates, lid, and closure ring which 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.

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 refers to ruptured fuel rods, severed rods, and loose fuel pellets with known or
suspected defects which cannot be handled by normal means due to fuel cladding damage.

HI-STORM FSAR Rev. 0
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

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

International Transfer Cask. In this submittal there are two HI-TRAC transfer casks, the 125 ton
HI-TRAC (HI-TRAC-125) and the 100 ton HI-TRAC (HI-TRAC-100). The 100 ton HI-TRAC
is provided for use at sites with a maximum crane capacity of 100 tons. The term HI-TRAC is
used as a generic term to refer to both the 125 ton and 100 ton HI-TRAC.

HI-STORM 100 overpack or storage overpack means the cask which 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.

HI-STORM 100 System consists of a loaded MPC placed within the HI-STORM 100 overpack.

Holtite™ is a trade name denoting an approved neutron shield material for use in the HI-
STORM 100 System. In this application, Holtite-A is the only approved neutron shield material.

Holtite™-A is a commercially available neutron shield materia] developed by Bisco, Inc., and
currently sold under the trade name NS-4-FR. The neutron shield material is specified with a
minimum B,C loading of 1 weight percent. An equivalent neutron shield material with
equivalent neutron shielding properties and composition, but not sold under the trade name NS-
4-FR, may be used.

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

Independent Spent Fuel Storage Installation (ISFSI) means a facility designed, constructed,
and licensed for the interim storage of spent nuclear fuel and other radioactive materials
associated with spent fuel storage in accordance with 10CFR72.

HI-STORM FSAR Rev. 0
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Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

Intact Fuel Assembly is defined as a fuel assembly without known or suspected cladding defects
greater than pinhole leaks and hairline cracks, and which can be handled by normal means.
Partial fuel assemblies, that is fuel assemblies from which fuel rods are missing, 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 original fuel rod(s).

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

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.

METCON™ is a trade name for the HI-FSTORM 100 overpack. The trademark is derived from
the metal-concrete composition of the HI-STORM 100 overpack.

MGDS is an acronym for Mined Geological Disposal System.

Multi-Purpose Canister (MPC) means the sealed canister which consists of a honeycombed
fuel basket for spent nuclear fuel storage, contained in a cylindrical canister shell which is
welded to a baseplate, lid with welded port cover plates, and closure ring. MPC is an acronym
for multi-purpose canister. 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 conditions. The MPCs used as part of the HI-STORM 100
System are identical to the HI-STAR 100 MPCs evaluated in the HI-STAR 100 storage (Docket
No. 72-1008) and transport (Docket No. 71-9261) applications.

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

HI-STORM FSAR Rev. 0
REPORT HI-2002444
1.0-7



Table 1.0.1 (continued)

TERMINOLOGY AND NOTATION

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

PWR is an acronym for pressurized water reactor.
Reactivity is used synonymously with effective neutron multiplication factor or k-effective.

SAR is an acronym for Safety Analysis Report (10CFR71).

component.

Single Failure Proof means that the handling system is designed so that all directly loaded
tension and compression members are engineered to satisfy the enhanced safety criteria of
Paragraphs 5.1.6(1)(a) and (b) of NUREG-0612.

SNF is an acronym for spent nuclear fuel.

SSC is an acronym for Structures, Systems and Components.

STP is Standard Temperature and Pressure conditions.

TSAR is an acronym for Topical Safety Analysis Report (10CFR72).

ZPA is an acronym for zero period acceleration.
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Table 1.0.2

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
1. General Description
1.1 Introduction 1.1IL1 General Description | 10CFR72.24(b) 1.1
& Operational
Features
1.2 General Description 1.I1L1 General Description | 10CFR72.24(b) 1.2
& Operational
Features
1.2.1  Cask 1.IIL1 General Description | 10CFR72.24(b) 121
Characteristics & Operational
Features
1.2.2  Operational 1.JII.1 General Description | 10CFR72.24(b) 1.2.2
Features & Operational
Features
1.2.3  Cask Contents | 1.IIL3 DCSS Contents 10CFR72.2(a)(1) 1.2.3
10CFR72.236(a)
13 Identification of 1.IIL4 Qualification of the | 10CFR72.24(j) 1.3
Agents & Contractors Applicant 10CFR72.28(a)
1.4 Generic Cask Arrays L.IL.1 General Description | 10CFR72.24(c)(3) 1.4
& Operational
Features
1.5 Supplemental Data 1.1I1.2 Drawings 10CFR72.24(c)(3) 1.5
NA 1.111.6  Consideration of 10CFR72.230(b) 1.1
Transport 10CFR72.236(m)
Requirements
NA 1.HL5 Quality Assurance 10CFR72.24(n) 1.3
HI-STORM FSAR Rev. 0
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Table 1.0.2 (continued)

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
2. Principal Design Criteria
2.1 Spent Fuel To Be 2.I11.2.a Spent Fuel 10CFR72.2(a)(1) 2.1
Stored Specifications 10CFR72.236(a)
22 Design Criteria for 2.I11.2.b External 10CFR72.122(b) . 2.2
Environmental Conditions,
Conditions and Natural | 2.111.3.b Structural, 10CFR72.122(c) 2.233,2.2.3.10
Phenomena 2.111.3.c Thermal 10CFR72.122(b)(1) o)
10CFR72.122(b)(2) 22311
10CFR72.122(h)(1) 2.0
221  Tornado and 2.111.2.b External Conditions | 10CFR72.122(b)(2) 2235
Wind Loading
222  Water Level 2.111.2.b External Conditions | 10CFR72.122(b)(2) 2.2.3.6
(Flood)
2.111.3.b Structural
223  Seismic 2.111.3.b Structural 10CFR72.102(f) 2237
10CFR72.122(b)(2)
224 SnowandlIce | 2.II.2.b External Conditions | 10CFR72.122(b) 2.2.1.6
2.111.3.b Structural
225  Combined 2.111.3.b Structural 10CFR72.24(d) 227
Load 10CFR72.122(b)(2)(ii)
NA 2.1 Structures, Systems, | 10CFR72.122(a) 224
and Components 10CFR72.24(c)(3)
Important to Safety
NA 2.111.2 Design Criteria for | 10CFR72.236(g) 20,22
Safety Protection 10CFR72.24(c)(1)
Systems 10CFR72.24(c)(2)
10CFR72.24(c)(4)
10CFR72.120(a)
10CFR72.236(b)
HI-STORM FSAR Rev. 0
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Table 1.0.2 (continued)

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
NA 2.11L.3.c Thermal 10CFR72.128(a)(4) 232.2,40
NA 2.111.3.f Operating 10CFR72.24(f) 10.0, 8.0
Procedures 10CFR72.128(a)(5)
10CFR72.236(h) 8.0
10CFR72.24 (1)(2) 1.2.1,1.2.2
10CFR72.236(1) 2321
10CFR72.24(¢) 10.0, 8.0
10CFR72.104(b)
2.I11.3.g Acceptance Tests & | 10CFR72.122 (1) 9.0
Maintenance 10CFR72.236 (g)
10CFR72.122 ()
10CFR72.128 (a)(1)
23 Safety Protection - -- 23
Systems
231 General -- - 23
2.3.2  Protection by | 2.1I1.3.b Structural 10CFR72.236(1) 23.21
Multiple
Confinement | 2-111.3.c Thermal 10CFR72.236(f) 2322
ga;g‘:’;ss and 15 111.3.d Shielding/ 10CFR72.126(a) 23.5.2
y Confinement/ 10CFR72.128(a)(2)
Radiation
Protection 10CFR72.128(a)(3) 2.3.2.1
10CFR72.236(d) 2.3.2.1,2.3.52
10CFR72.236(e) 2.3.21
2.3.3  Protectionby | 2.IIL.3.d Shielding/ 10CFR72.122(h)(4) 2.35
Equipment & Confinement/ 10CFR72.122(i)
Instrument Radiation 10CFR72.128(a)(1)
Selection Protection
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Table 1.0.2 (continued)

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
234  Nuclear 2.IL.3.e Criticality 10CFR72.124(a) 234,60
Criticality 10CFR72.236(c)
Safety 10CFR72.124(b)
2.3.5 Radiological 2.111.3.d Shielding/ 10CFR72.24(d) 10.4.1
Protection Confinement/ 10CFR72.104(a)
Radiation 10CFR72.236(d)
Protection
10CFR72.24(d) 10.4.2
10CFR72.106(b)
10CFR72.236(d)
10CFR72.24(m) 2.3.2.1
2.3.6  Fire and 2.H1.3.b Structural 10CFR72.122(c) 2.3.6,2.2.3.10
Explosion
Protection
2.4 Decommissioning 2.111.3.h Decommissioning 10CFR72.24(f) 24
Considerations 10CFR72.130
10CFR72.236 (h)
14.111.1 Design 10CFR72.130 2.4
14.111.2 Cask 10CFR72.236(i) 24
Decontamination
14113 Financial 10CFR72.30 »
Assurance &
Record Keeping
141114 License 10CFR72.54 w
Termination
3. Structural Evaluation
3.1 Structural Design 3.111.1  SSC Important to 10CFR72.24(c)(3) 31
Safety 10CFR72.24(c)(4)
3.111.6  Concrete Structures | 10CFR72.24(c) 3.1
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Table 1.0.2 (continued)

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
32 Weights and Centers of | 3.V.1.b.2 Structural - 32
Gravity Design Features
33 Mechanical Properties | 3.V.1.c Structural Materials | 10CFR72.24(c)(3) 33
of Materials
3.V.2.c Structural Materials
NA 3.11L.2 Radiation 10CFR72.24(d) 3443
Shielding, 10CFR72.124(a) 3473
Confinement, and 10CFR72.236(c) 3.4.10
Subcriticality 10CFR72.236(d)
10CFR72.236(1)
NA 3.1I1.3 Ready Retrieval 10CFR72.122(f) 3443
10CFR72.122(h)
10CFR72.122(1)
NA 3.111.4 Design-Basis 10CFR72.24(c) 347
Earthquake 10CFR72.102(f)
NA 31LS 20 Year Minimum 10CFR72.24(c) 3411
Design Length 10CFR72.236(g) 3.4.12
34 General Standards for -- - 3.4
Casks
3.4.1 Chemical and § 3.V.1.b.2 Structural -- 341
Galvanic Design Features
Reactions
3.4.2 Positive - - 342
Closure
343 Lifting 3.V.1.ii(4)(a) Trunnions -- 3.4.3,
Devices Appendices 3.E,
3.AE, 3AC,3.D
344  Heat 3.V.1.d Structural Analysis | 10CFR72.24(d) 344,
10CFR72.122(b) Appendices 3.1,
3.U,3.V,3.W
HI-STORM FSAR Rev. 0
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Table 1.0.2 (continued)

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
345 Cold 3.V.1.d Structural Analysis 10CFR72.24(d) 345
10CFR72.122(b)
35 Fuel Rods - 10CFR72.122(h)(1) 35
4. Thermal Evaluation
4.1 Discussion 4.1  Regulatory 10CFR72.24(c)(3) 4.1
Requirements 10CFR72.128(a)(4)
10CFR72.236(f)
10CFR72.236(h)
4.2 Summary of Thermal 4.V.4.b Material Properties -- 4.2
Properties of Materials
4.3 Specifications for 4.1V Acceptance Criteria 10CFR72.122(h)(1) 43
Components
44 Thermal Evaluation for | 4.1V Acceptance Criteria 10CFR72.24(d) 44,45
Normal Conditions of 10CFR72.236(g)
Storage
N/A 4.1V Acceptance Criteria 10CFR72.24(d) 11.1,11.2
10CFR72.122(c)
4.5 Supplemental Data 4.V.6  Supplemental Info. -- -
5. Shielding Evaluation
5.1 Discussion and Results - 10CFR72.104(a) 5.1
10CFR72.106(b)
5.2 Source Specification 5.V.2  Radiation Source - 5.2
Definition
5.2.1 Gamma 5.V.2.a Gamma Source - 5.2.1,5.23
Source
5.2.2  Neutron 5.V.2.b Neutron Source -- 522,523
Source
HI-STORM FSAR Rev. 0
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Table 1.0.2 (continued)

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
53 Model Specification 5.V.3  Shielding Model - 5.3
Specification
53.1 Description of | 5.V.3.a Configuration of 10CFR72.24(c)(3) 5.3.1
the Radial and the Shielding and
Axial Source
Shielding
Configuration
s
5.3.2  Shield 5.V.3.b Material Properties | 10CFR72.24(c)(3) 532
Regional
Densities
54 Shielding Evaluation 5.V.4  Shielding Analysis 10CFR72.24(d) 5.4
10CFR72.104(a)
10CFR72.106(b)
10CFR72.128(a)(2)
10CFR72.236(d)
5.5 Supplemental Data 5.V.5 Supple¢mental Info. - Appendices 5.A,
5.B,and 5.C
6. Criticality Evaluation
6.1 Discussion and Results -- -- 6.1
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 of | 6.V.3.a Configuration - 6.3.1
Calculational 10CFR72.124(b)
Model 10CFR72.24(c)(3)
6.3.2  Cask Regional | 6.V.3.b Material Properties 10CFR72.24(c)(3) 6.3.2
Densities 10CFR72.124(b)
10CFR72.236(g)
6.4 Criticality Calculations | 6.V.4  Criticality Analysis 10CFR72.124 6.4
HI-STORM FSAR Rev. 0
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Table 1.0.2 (continued)

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1636 Review Criteria Requirement
6.4.1  Calculational 6.V.4.a Computer Programs } 10CFR72.124 6.4.1
or and
Experimental | 6.V.4.b Multiplication
Method Factor
6.4.2  Fuel Loading 6.V.3.a Configuration -- 6.4.2
or Other
Contents
Loading
Optimization
6.4.3  Criticality 6.IV  Acceptance Criteria | 10CFR72.24(d) 6.1,6.2,6.3.1,
Results 10CFR72.124 6.3.2
10CFR72.236(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 Boundary | 7.HI.1 Description of 10CFR72.24(c)(3) 70,71
Structures, Systems, | 10CFR72.24(])
and Components
Important to Safety
7.1.1  Confinement 7.11.2  Protection of Spent | 10CFR72.122(h)(1) 71,711,722
Vessel Fuel Cladding
7.1.2  Confinement - - 7.1.2
Penetrations
7.1.3  Seals and - - 713
Welds
7.1.4  Closure 7JIL3 Redundant Sealing 10CFR72.236(e) 7.1.1,7.1.4
HI-STORM FSAR Rev. 0
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Table 1.0.2 (continued)

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
7.2 Requirements for 7.JIL7 Evaluation of 10CFR72.24(d) 7.2
Normal Conditions of Confinement 10CFR72.236(1)
Storage System
7.2.1  Release of 716 Release of Nuclides | 10CFR72.24(1)(1) 7.21
Radioactive to the Environment
Material
7.111.4 Monitoring of 10CFR72.122(h)(4) 7.1.4
Confinement 10CFR72.128(a)(1)
System
71115 Instrumentation 10CFR72.24(1) 7.1.4
10CFR72.122()
7.111.8 Annual Dose 10CFR72.104(a) 7.35
7.2.2  Pressurization - - 7.2.2
of
Confinement
Vessel
7.3 Confinement 7.111.7 Evaluation of 10CFR72.24(d) 73
Requirements for Confinement 10CFR72.122(b)
Hypothetical Accident System 10CFR72.236(1)
Conditions
7.3.1  Fission Gas - - 7.3.1
Products
7.3.2  Release of - - 733
Contents
NA - 10CFR72.106(b) 7.3
7.4 Supplemental Data v Supplemental Info. - -
HI-STORM FSAR Rev. 0
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Table 1.0.2 (continued)

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
8. Operating Procedures
8.1 Procedures for Loading | 8.111.1 Develop Operating | 10CFR72.40(a)(5) 8.1t08.5
the Cask Procedures
8.II1.2 QOperational 10CFR72.24(¢) 8.15
Restrictions for 10CFR72.104(b)
ALARA
8.I1.3 Radioactive 10CFR72.24(1)(2) 8.1.5,8.5.2
Effluent Control
8.111.4 Written Procedures | 10CFR72.212(b)(9) 8.0
8.111.5 Establish Written 10CFR72.234(f) 8.0
Procedures and Introduction
Tests
8.111.6 Wet or Dry Loading | 10CFR72.236(h) 8.0
and Unloading Introduction
Compatibility
8.1II.7 Cask Design to 10CFR72.236(i) 8.1,83
Facilitate Decon
8.2 Procedures for 8.11I.1  Develop Operating 10CFR72.40(a)(5) 83
Unloading the Cask Procedures
8.II1.2  Operational 10CFR72.24(e) 8.3
Restrictions for 10CFR72.104(b)
ALARA
8.111.3 Radioactive 10CFR72.24(1)(2) 8.3.3
Effluent Control
8.1IL.4 Written Procedures | 10CFR72.212(b)(9) 8.0
8.1I1.5 Establish Written 10CFR72.234(f) 8.0
Procedures and
Tests
HI-STORM FSAR Rev. 0
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Table 1.0.2 (continued)

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
8.1I1.6 Wet or Dry Loading | 10CFR72.236(h) 8.0
and Unloading
Compatibility
8.II1.8 Ready Retrieval 10CFR72.122(1) 8.3
83 Preparation of the Cask - - 8.3.2
8.4 Supplemental Data - -- Tables 8.1.1 to
8.1.10
NA 8.111.9 Design To 10CFR72.24(f) 8.1,83
Minimize Radwaste | 10CFR72.128(a)(5)
8.111.10 SSCs Permit 10CFR72.122(f) Table 8.1.6
Inspection,
Maintenance, and
Testing
9. Acceptance Criteria and Maintenance Program
9.1 Acceptance Criteria 9.111.1.a Preoperational 10CFR72.24(p) 8.1,9.1
Testing & Initial
Operations
9.1IL.1.c SSCs Tested and 10CFR72.24(c) 9.1
Maintained to 10CFR72.122(a)
Appropriate Quality
Standards
9.111.1.d Test Program 10CFR72.162 9.1
9.111.1.e Appropriate Tests 10CFR72.236(1) 9.1
9.111.1.f Inspection for 10CFR72.236(j) 9.1
Cracks, Pinholes,
Voids and Defects
9.111.1.g Provisions that 10CFR72.232(b) 9.1®
Permit Commission
Tests
HI-STORM FSAR Rev. 0
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Table 1.0.2 (continued)

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
9.2 Maintenance Program 9.lI1.1.b Maintenance 10CFR72.236(g) 9.2
9.111.1.c SSCs Tested and 10CFR72.122(f) 9.2
Maintained to 10CFR72.128(a)(1)
Appropriate Quality
Standards
9.1IL.1.h Records of 10CFR72.212(b)(8) 9.2
Maintenance
NA 9.0ML2 Resolution of 10CFR72.24(i) @
Issues Concerning
Adequacy of
Reliability
9.1IL1.d Submit Pre-Op Test | 10CFR72.82(c) @
Results to NRC
9.111.1.i Casks 10CFR72.236(k) 9.1.7,9.1.1.(12)

Conspicuously and
Durably Marked

9.1I1.3  Cask Identification

10. Radiation Protection

REPORT HI-2002444
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10.1 Ensuring that 10.11L.4 ALARA 10CFR20.1101 10.1
Occupational 10CFR72.24(e)
Exposures Are As Low 10CCR72.104(b)
As Reasonably 10CFR72.126(a)
Achievable (ALARA)

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

10.3 Estimated Onsite 10.1IL.2 Occupational 10CFR20.1201 10.3
Collective Dose Exposures 10CFR20.1207
Assessment 10CFR20.1208

10CFR20.1301
HI-STORM FSAR Rev. 0



Table 1.0.2 (continued)

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
NA 10.111.3 Public Exposure 10CFR72.104
10CFR72.106
104
10.11L.1 Effluents and 10CFR72.104
Direct Radiation
Rev. 0
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Table 1.0.2 (continued)

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

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
11. Accident Analyses
11.1 Off-Normal Operations 11.1IL.2 Meet Dose Limits 10CFR72.24(d) 11.1
for Anticipated 10CFR72.104(a)
Events 10CFR72.236(d)
11.II1.4 Maintain 10CFR72.124(a) 11.1
Subcritical 10CFR72.236(c)
Condition
I1.1IIL.7 Instrumentation and 10CFR72.122(i) 11.1
Control for Off-
Normal Condition
11.2 Accidents T1.II.1 SSCs Important to 10CFR72.24(d)(2) 11.2
Safety Designed for 10CFR72.122(b)(2)
Accidents 10CFR72.122(b)(3)
10CFR72.122(d)
10CFR72.122(g)
11.1IL5 Maintain 10CFR72.236(]) 11.2
Confinement for
Accident
11.1I1.4 Maintain 10CFR72.124(a) 11.2, 6.0
Subcritical 10CFR72.236(c)
Condition
11.1IL3 Meet Dose Limits 10CFR72.24(d)(2) 11.2,51.2,7.3
for Accidents 10CFR72.24(m)
10CFR72.106(b)
11.IIL.6 Retrieval 10CFR72.122(1) 83
[LUL7 Instrumentation and | 10CFR72.122() ©
Control for
Accident
Conditions
NA 11.1II.8 Confinement 10CFR72.122(h)(4) 7.1.4
Monitoring
HI-STORM FSAR Rev. 0
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Table 1.0.2 (continued)

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

Fuel

12.111.2.b Enrichment

12.111.2.c Burnup

12.111.2.d Minimum
Acceptable Cooling
Time

12.1I1.2.f Maximum
Spent Fuel
Loading Limit

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
12. Operating Controls and Limits
12.1 Proposed Operating -- 10CFR72.44(c) 12.0
Controls and Limits
12.111.1.e Administrative 10CFR72.44(c)(5) 12.0
Controls
122 Development of 12.1I1.1 General 10CFR72.24(g) 12.0
Operating Controls and Requirement for 10CFR72.26
Limits Technical 10CFR72.44(c)
Specifications 10CFR72 Subpart E
10CFR72 Subpart F
12.2.1 Functional and | 12.11I.1.a Functional/ 10CFR72.44(c)(1) Appendix 12.A
Operating Operating Units,
Limits, Monitoring
Monitoring Instruments and
Instruments, Limiting Controls
and Limiting
Control
Settings
12.2.2 Limiting 12.1I1.1.b Limiting Controls | 10CFR72.44(c)(2) Appendix 12.A
Conditions for
Operation 12.111.2.a Type of Spent 10CFR72.236(a) Appendix 12.A

HI-STORM FSAR
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Table 1.0.2 (continued)

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

REPORT HI-2002444

1.0-24

Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
12.111.2.g Weights and
Dimensions
12.111.2.h Condition of
Spent Fuel
12.]I1.2.e Maximum Heat 10CFR72.236(a) Appendix 12.A
Dissipation
12.111.2.i Inerting 10CFR72.236(a) Appendix 12.A
Atmosphere
Requirements
12.2.3  Surveillance 12.HI.1.c Surveillance 10CFR72.44(c)(3) Chapter 12
Specifications Requirements
12.2.4  Design 12.111.1.d Design Features 10CFR72.44(c)(4) Chapter 12
Features
12.2.5 Suggested - - Appendix 12.A
Format for
Operating
Controls and
Limits
NA 12.111.2 SCC Design Bases 10CFR72.236(b) 2.0
and Criteria
NA 12.1IL.2 Criticality Control 10CFR72.236(c) 234,60
NA I2.1I1.2 Shielding and 10CFR20 2.3.5,7.0,5.0,
Confinement 10CFR72.236(d) 10.0
NA 12.111.2 Redundant Sealing 10CFR72.236(e) 7.1,2.3.2
NA 12.1I1.2 Passive Heat 10CFR72.236(f) 232.2,40
Removal
NA 12.1I1.2 20 Year Storage 10CFR72.236(g) 1.2.1.5, 9.0,
and Maintenance 3.4.10, 3.4.11
NA 12.111.2 Decontamination 10CFR72.236(i) 8.0, 10.1
HI-STORM FSAR Rev. 0



Applicable HI-STORM
10CFR72 FSAR
Regulatory Guide 3.61 Associated NUREG- or 10CFR20
Section and Content 1536 Review Criteria Requirement
NA 12.1I1.2 Wet or Dry Loading | 10CFR72.236(h) 8.0
NA 12.111.2 Confinement 10CFR72.236(j) 9.0
Effectiveness
NA 12.111.2 Evaluation for 10CFR72.236(1) 71,72,9.0
Confinement
13. Quality Assurance
13.1 Quality Assurance 13.1I1 Repgulatory 10CFR72.24 (n)
Requirements 13.0
131V Acceptance Criteria | 10CFR72, Subpart G
Notes:
o 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.
@ 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.
® Not applicable to HI-STORM 100 System. The functional adequacy of all important to safety
components is demonstrated by analyses.
@ The stated requirement is the responsibility of licensee (i.e., utility) as part of the ISFSI and is
therefore not addressed in this application.
® 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 10CFR72 or 10CFR20 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, 10CFR72, or
10CFR20 requirement being addressed.
HI-STORM FSAR Rev. 0
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Table 1.0.3

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

NUREG-1536 Requirement

Alternate Method to Meet NUREG-
1536 Intent

Justification

2.V.2.(b)(1) "The NRC accepts as the maximum
and minimum "normal” temperatures the highest
and Jowest ambient temperatures recorded in each
year, averaged over the years of record."

Exception: Section 2.2.1.4 for
environmental temperatures utilizes an
upper bounding value of 80EF on the
annual average ambient temperatures for
the United States.

The 80EF temperature set forth in Table 2.2.2 is greater
than the annual average ambient temperature at any
location in the continental United States. Inasmuch as the
primary effect of the environmental 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 80EF. 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
80FF ambient temperature is combined with insolation in
accordance with 10CFR71.71 averaged over 24 hours.

2.V.2.(b)(3)(E) "10CFR Part 72 identifies several
other natural phenomena events (including
seiche, tsunami, and hurricane) that should be
addressed for spent fuel storage.”

Clarification: A site-specific safety
analysis of the effects of seiche, tsunami,
and hurricane on the HI-STORM 100
System must be performed prior to use if
these events are applicable to the site.

In accordance with NUREG-1536, 2.V.(b)(3)(f), if seiche,
tsunami, and hurricane are not addressed in the SAR and
they prove to be applicable to the site, a safety analysis is
required prior to approval for use of the DCSS under
either a site specific, or general license.

HI-STORM FSAR
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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 NUREG-
1536 Intent

Justification

3.V.1.d.i.(2)(a), page 3-11, "Drops with the axis
generally vertical should be analyzed for both the
conditions of a flush impact and an initial impact
at a commer of the cask..."

Clarification: As stated in NUREG-
1536, 3.V.(d), page 3-11, "Generally,
applicants establish the design basis in
terms of the maximum height to which
the cask is lifted outside the spent fuel
building, or the maximum deceleration
that the cask could experience in a
drop." The maximum deceleration for a
comer drop is specified as 45g's for the
HI-STORM overpack. No carry height
limit is specified for the comer drop.

In Chapter 3, the MPC and HI-STORM overpack are
evaluated under a 45g radial loading. A 45g axial loading
on the MPC is bounded by the analysis presented in the
HI-STAR TSAR, Docket 72-1008, under a 60g loading,
and is not repeated in this FSAR. In Chapter 3, the HI-
STORM overpack is evaluated under a 45g axial loading.
Therefore, the HI-STORM overpack and MPC are
qualified for a 45g loading as a result of a comer drop.
Depending on the type of rigging used, the administrative
vertical carry height limit, and the stiffness of the impacted
surface, site-specific analyses are required to demonstrate
that the deceleration limit of 45g's is not exceeded.

HI-STORM FSAR
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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 NUREG-
1536 Intent

Justification

3.V.2.b.i.(1), Page 3-19, Para. 1, “All concrete
used in storage cask system ISFSIs, and subject
to NRC review, should be reinforced...”

3.V.2.b.1.(2)(b), Page 3-20, Para. 1, “The NRC
accepts the use of ACI 349 for the design,
material selection and specification, and
construction of all reinforced concrete structures
that are not addressed within the scope of ACI
359",

3.V.2.c.i, Page 3-22, Para. 3, “Materials and
material properties used for the design and
construction of reinforced concrete structures
important to safety but not within the scope of
ACI 359 should comply with the requirements of
ACI 349",

Exception: The HI-STORM overpack
concrete is not reinforced. However,
ACI 349 [1.0.4] is used for the material
selection and specification, and
construction of the plain concrete.
Appendix 1.D provides the relevant
sections of ACI 349 applicable to the
plain concrete in the overpack. ACI 318-
95 [1.0.5] is used for the calculation of
the compressive strength of the plain
concrete.

Concrete is provided in the HI-STORM overpack solely
for the purpose of radiation shielding during normal
operations. During lifting and handling operations and
under certain accident conditions, the compressive strength
of the concrete (which is not impaired by the absence of
reinforcement) is utilized. However, since the structural
reliance under loadings which produce section flexure and
tension is entirely on the steel structure of the overpack,
reinforcement in the concrete will serve no useful purpose,

To ensure the quality of the shielding concrete, all relevant
provisions of ACI 349 are imposed as specified in
Appendix 1.D. In addition, the temperature limits for
normal and off-normal condition from ACI 349 will be
imposed.

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
accepts the use of ANSI/ANS-57.9 (together with
the codes and standards cited therein) as the basic
reference for ISFSI structures important to safety
that are not designed in accordance with Section
IIT of the ASME B&PV Code.”

Clarification: The HI-STORM overpack
steel structure is designed in accordance
with the ASME B&PV Code, Section
HI, Subsection NF, Class 3. Any
exceptions to the Code are listed in
Table 2.2.15.

The overpack structure is a steel weldment consisting of
“plate and shell type” members. As such, it is appropriate
to design the structure to Section III, Class 3 of Subsection
NF. The very same approach has been used in the
structural evaluation of the “intermediate shells” in the HI-
STAR 100 overpack (Docket Number 72-1008) previously
Teviewed and approved by the USNRC.

Rev. 0
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Table 1.0.3 (continued)

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

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

4.1V.5, Page 4-2 "for each fuel type proposed for Clarification: As described in Section As described in Section 4.3, all fuel array types authorized
storage, the DCSS should ensure a very low 4.3, all fuel array types authorized for for storage have been evaluated for the peak fuel cladding
probability (e.g., 0.5 percent per fuel rod) of storage have been evaluated for the peak | temperature limit. All major variations in fuel parameters
cladding breach during long-term storage." fuel cladding temperature limit. are considered in the determination of the peak fuel
cladding temperature limits. Minor variations in fuel

4.1V.1, Page 4-3, Para. 1 "the staff should verify parameters within an array type are bounded by the

that cladding temperatures for each fuel type conservative determination of the peak fuel cladding
proposed for storage will be below the expected temperature limit.
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
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.”
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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 NUREG-
1536 Intent

Justification

4.V.4.a, Page 4-6, Para. 3 "applicants seeking
NRC approval of specific internal convection
models should propose, in the SAR, a
comprehensive test program to demonstrate the
adequacy of the cask design and validation of the
convection models."

Exception: The natural convection
model described in Subsection 4.4.1.1.5
is based on classical correlations for
natural convection in differentially
heated cavities which have been
validated by many experimental studies.
Therefore, no additional test program is
proposed.

Many experimental studies of this mechanism have been
performed by others and reported in open literature
sources. As discussed in Subsection 4.4.1.1.5, natural
convection has been limited to the relatively large MPC
basket to shell peripheral gaps. Subsection 4.4.1.1.5
provides sufficient references to experiments which
document the validity of the classical correlation used in
the analysis.

4.V.4.a, Page 4-6, Para. 6 "the basket wall
temperature of the hottest assembly can then be
used to determine the peak rod temperature of the
hottest assembly using the Wooten-Epstein
correlation."

Clarification: As discussed in
Subsection 4.4.2, conservative maximum
fuel temperatures are obtained directly
from the cask thermal analysis. The peak
fuel cladding temperatures are then used
to determine the corresponding peak
basket wall temperatures using a finite-
element based update of Wooten-Epstein
(described in Subsection 4.4.1.1.2)

The finite-element based thermal conductivity is greater
than a Wooten-Epstein based value. This larger thermal
conductivity minimizes the fuel-to-basket temperature
difference. Since the basket temperature is less than the
fuel temperature, minimizing the temperature difference
conservatively maximizes the basket wall temperature.

4.V .4.b, Page 4-7, Para. 2 "if the thermal model is
axisymmetric or three-dimensional, the
longitudinal thermal conductivity should
generally be limited to the conductivity of the
cladding (weighted fractional area) within the
fuel assembly."

Clarification: As described in
Subsection 4.4.1.1.4, the axial thermal
conductivity of the fuel basket is set
equal to the cross-sectional thermal
conductivity.

Due to the large number of gaps in the cross-sectional heat
transfer paths, use of the fuel basket cross-sectional
thermal conductivity for the axial thermal conductivity
severely underpredicts the axial thermal conductivity of
the fuel basket region. This imposed axial thermal
conductivity restriction is even more limiting than that
imposed by this requirement of NUREG-1536.
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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 NUREG-
1536 Intent

Justification

4.V 4.b, Page 4-7, Para. 2 "high burnup effects
should also be considered in determining the fuel
region effective thermal conductivity."

Exception: All calculations of fuel
assembly effective thermal
conductivities, described in Subsection
4.4.1.1.2, use nominal fuel design
dimensions, neglecting wall thinning
associated with high burnup.

Within Subsection 4.4.1.1.2, the calculated effective
thermal conductivities based on nominal design fuel
dimensions are compared with available literature values
and are demonstrated to be conservative by a substantial
margin.

4.V.4.c, Page 4-7, Para. 5 "a heat balance on the
surface of the cask should be given and the
results presented.”

Clarification; No additional heat balance
is performed or provided.

The FLUENT computational fluid dynamics program used
to perform evaluations of the HI-STORM Overpack and
HI-TRAC transfer cask, which uses a 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
include input and output file listings for the
thermal evaluations."

Exception: No input or output file
listings are provided in Chapter 4.

A complete set of computer program input and output files
would be in excess of three hundred pages. All computer
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.
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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 NUREG-
1536 Intent

Justification

4.V.5.c, Page 4-10, Para. 3 "free volume
calculations should account for thermal
expansion of the cask internal components and
the fuel when subjected to accident temperatures.

Exception: All free volume calculations
use nominal confinement boundary
dimensions, but the volume occupied by
the MPC internals (i.e., fuel assemblies,
fuel basket, etc.) are calculated using
maximum weights and minimum
densities.

Calculating the volume occupied by the MPC internals
(i.e., fuel assemblies, fuel basket, etc.) using maximum
weights and minimum densities conservatively
overpredicts the volume occupied by the internal
components and correspondingly underpredicts the
remaining free volume.

7.V.4.c, Page 7-7, Para. 2 and 3 "Because the
leak is assumed to be instantaneous, the plume
meandering factor of Regulatory Guide 1.145 is
not typically applied.” and "Note that for an
instantaneous release (and instantaneous
exposure), the time that an individual remains at
the controlled area boundary is not a factor in the
dose calculation."

Exception; As described in Section 7.3,
in lieu of an instantaneous release, the
assumed leakage rate is set equal to the
leakage rate acceptance criteria (5x10°
atm-cm’®/s) plus 50% for conservatism,
which yields 7.5x10°® atm-cm?/s.
Because the release is assumed to be a
leakage rate, the individual is assumed to
be at the controlled area boundary for
720 hours. Additionally, the atmospheric
dispersion factors of Regulatory Guide
1.145 are applied.

The MPC uses redundant closures to assure that there is no
release of radioactive materials under all credible
conditions. Analyses presented in Chapters 3 and 11
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., helium
leakage, hydrostatic, and volumetric weld inspection).

The NRC letter to Holtec Intemational dated 9/15/97,
Subject: Supplemental Request for Additional Information
- HI-STAR 100 Dual Purpose Cask System (TAC No.
L22019), RAI 7.3 states "use the verified confinement
boundary leakage rate in lieu of the assumption that the
confinement boundary fails."
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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 NUREG-
1536 Intent

Justification

9.V.1.a, Page 9-4, Para. 4 "Acceptance criteria
should be defined in accordance with NB/NC-

"ot

5330, "Ultrasonic Acceptance Standards".

Clarification; Section 9.1.1.1 and the
Design Drawings specify that the ASME
Code, Section III, Subsection NB,
Article NB-5332 will be used for the
acceptance criteria for the volumetric
examination of the MPC lid-to-shell
weld.

In accordance with the first line on page 9-4, the NRC
endorses the use of "...appropriate acceptance criteria as
defined by either the ASME code, or an alternative
approach..." The ASME Code, Section III, Subsection NB,
Paragraph NB-5332 is appropriate acceptance criteria for
pre-service examination.

9.V.1.d, Para. 1 "Tests of the effectiveness of
both the gamma and neutron shielding may be
required if, for example, the cask contains a
poured lead shield or a special neutron absorbing
material."

Exception: Subsection 9.1.5 describes
the control.of special processes, such as
neutron shield material installation, to be
performed in lieu of scanning or probing
with neutron sources.

The dimensional compliance of all shielding cavities is
verified by inspection to Design Drawing requirements
prior to shield installation.

The Holtite-A shield material is installed in accordance
with written, approved, and qualified special process
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.
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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 10CFR72. 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 100 System is designed to accommodate a wide variety of spent nuclear fuel
assemblies in a single 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 contains a maximum of 24 PWR
fuel assemblies, and the MPC-68 contains a maximum of 68 BWR fuel assemblies.

The HI-STORM 100 overpack is constructed from a combination of steel and concrete, both of
which are materials with long, proven histories of usage in nuclear applications. HI-STORM 100
incorporates and combines many desirable features of previously-approved concrete and metal
module designs. In essence, the HI-SSTORM 100 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 METCON™ (metal/concrete composite) system.

Figure 1.1.1 shows HI-STORM 100 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 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 10CFR72 requirements and attendant review
considerations. The HI-STORM 100 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 10CFR71 and 10CFR72 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.
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In contrast to the HI-STAR 100 overpack, which provides a containment boundary for the SNF
during transport, the HI-STORM 100 storage overpack does not constitute a containment or
confinement enclosure. The HI-STORM 100 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 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 10CFR72.236.

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
10CFR Part 71 certification. HI-STORM 100, however, is designed to possess certain key elements
of flexibility.
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For example:

. The HI-STORM 100 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 100 overpack can be loaded with a loaded MPC using the HI-TRAC

transfer cask inside the 10CFRS0 [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 the ISFSI storage pad.

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 a MPC.

The MPC is identical to those presented in References [1.1.2] and [1.1.3]. Referencing these
submittals avoids repetition of information on the MPCs which is comprehensively set forth in the
above-mentioned Holtec International applications 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 100 storage overpack is designed to provide the necessary neutron and gamma
shielding to comply with the provisions of 10CFR72 for dry storage of SNF at an ISFSI. A cross
sectional view of the HI-STORM 100 storage overpack is presented in Figure 1.1.3. 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;
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. 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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12 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. Figure 1.2.1 provides a cross sectional view
of the HI-STORM 100 System with an MPC inserted into a storage 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 detailed design drawings in Section 1.5.

The HI-STORM 100 System is comprised of three discrete components:
1. multi-purpose canister (MPC)
ii. storage overpack (HI-STORM)
iil. transfer cask (HI-TRAC)

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

1. vacuum drying system

il. helium (He) backfill system with leakage detector
iii. lifting and handling systems

v welding equipment

v. transfer vehicles/trailer

All MPCs have identical exterior dimensions which render them interchangeable. The outer
diameter of the MPC is 68-3/8 inches and the overall length is 190-1/2 inches. See Section 1.5
for the detailed design drawings. Due to the differing storage contents of each MPC, the
maximum loaded weight differs between 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 parameters for the MPCs.

A single 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 inner shell 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
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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 and the overall
height is 239-1/2 inches. See Section 1.5 for the detailed design drawings. The weight of the
overpack without an MPC is approximately 135 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.

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 Design Drawings and Bills-of-Material in Section 1.5.
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1.2.1.1 Multi-Purpose Canisters

The MPCs are welded cylindrical structures as shown in cross sectional views of Figures 1.2.2
and 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 three MPC models, distinguished by the type and number of fuel
assemblies authorized for loading. The MPC-24 is designed to store up to 24 intact PWR fuel
assemblies. The MPC-68 is designed to store up to 68 intact or damaged BWR fuel assemblies.
The MPC-68F is designed to store up to 68 intact or damaged BWR fuel assemblies and up to
four BWR fuel assemblies classified as fuel debris. Design Drawings for all of 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 seal-
welded enclosure of all stainless steel construction.

The construction features of the PWR MPC-24 and the BWR MPC-68 are similar. However, the
PWR MPC-24 canister in Figure 1.2.4, which is designed for high-enriched PWR fuel, differs
in construction from the MPC-68 in one important aspect: the fuel storage cells are physically
separated from one another by a "flux trap", for criticality control. All MPC baskets are formed
from an array of plates welded to each other, such that a honeycomb structure is created which
resembles a multiflanged, closed-section beam in its structural characteristics.

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, heat conduction elements are installed. These heat conduction
elements are fabricated from thin aluminum alloy 1100 in shapes which enable a snug fit in the
confined spaces and ease of installation. The heat conduction elements are installed along the
full length of the MPC basket to create a nonstructural thermal connection which facilitates heat
transfer from the basket to shell. In their installed 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.
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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 edge-welded to the MPC outer shell. This plate
is equipped with vent and drain ports which are utilized to remove moisture and air from the
MPC, and backfill the MPC with a specified mass 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.

To maintain a constant exterior axial length between the MPC-24 and MPC-68, the thickness of
the MPC-24 lid is % inch thinner than the MPC-68 lid to accommodate the longest PWR fuel
assembly which is approximately a % inch longer than the longest BWR fuel assembly. 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 MPCid 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 inches is provided to account for the irradiation and thermal growth
of the fuel assemblies. The upper and lower fuel spacer lengths are listed in Tables 2.1.9 and
2.1.10 for each fuel assembly type.

The MPC is constructed entirely from stainless steel alloy materials (except for the neutron
absorber and 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 which 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 which 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
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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, this application requests approval for use of any one of the four
Alloy X materials.

For the MPC design and analysis, Alloy X (as defined in this application) may be one of the
following materials (only a single alloy from the list of acceptable Alloy X materials may be
used in the fabrication of a single MPC).

. 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 which
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 1.A.

Other alloy materials which are identified to be more suitable by the DOE for the MGDS in the
future and which are also bounded by the Alloy X properties set forth in Appendix 1.A can be
used in the MPC after an amendment to this FSAR is approved.

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.
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1.2.1.2 Overpacks

1.2.1.2.1 HI-STORM 100 Overpack (Storage)

The HI-STORM 100 overpack is a rugged, heavy-walled cylindrical vessel. Figures 1.2.7 and
1.2.8 provide cross sectional views of the HI-STORM 100 System. 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 attached to
its underside and top 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. Stainless steel shims are attached to channels to allow the proper
inner diameter dimension to be obtained and to provide a guiding surface for MPC insertion and
removal.

The storage overpack has air ducts to allow for passive natural convection cooling of the
contained MPC. Four air inlets and four air outlets are located at the lower and upper extremities
of the overpack, respectively. The air inlets and outlets are covered by a fine mesh 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, provided in this FSAR, evaluates the effects of partial and
complete blockage of the air ducts.

The four air inlets and four air outlets are penetrations through the thick concrete shielding
provided by the HI-STORM overpack. Within the air inlets and outlets, an array of gamma shield
cross plates are installed. These gamma shield cross plates are designed to scatter any particles
traveling through the ducts. The result of scattering the particles in the ducts is a significant
decrease in the local dose rates around the four air inlets and four 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.

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 (see Figure 1.2.7). The four anchor blocks are
located on 90E centers. The overpack may also be lifted from the bottom using specially-
designed lifting transport devices, including hydraulic jacks, air pads, and Hilman rollers. Slings
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or other suitable devices mate with lifting lugs which 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.

The plain concrete between the overpack inner and outer steel shells is specified to provide the
necessary shielding properties 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 which delineate the performance of
concrete in the HI-STORM System. The density of concrete used in the inter-shell annulus,
pedestal, and HI-STORM 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 [1.2.6] 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" [1.2.10]. 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.

1.2.1.2.2 HI-TRAC (Transfer Cask)

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 a HI-TRAC with the pool lid installed.
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The transfer cask provides an internal cylindrical cavity of sufficient size for housing an MPC.
The top lid 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 HI-TRAC 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 operations. In addition to providing shielding in the axial
direction, the pool lid incorporates a seal which 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. The transfer lid incorporates two
sliding doors which 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.

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 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 HI-TRACs are identical. However, the external
dimensions are different. The 100 ton 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-TRAC:. This allows most structural analyses of the 125 ton HI-TRAC
to bound the 100 ton HI-TRAC design. Additionally, as the two HI-TRAC: 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.

1.2.1.3 Shielding Materials

The HI-STORM 100 System is provided with shielding to ensure the radiation and exposure
requirements in 10CFR72.104 and 10CFR72.106 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
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structure of edge-welded composite boxes and Boral ™ neutron poison 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 100 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 underside of the lid, and a thick circular concrete pedestal upon which the MPC rests.
These slabs provide gamma and neutron attenuation in the axial direction. The thick overpack
lid and concrete shield ring atop 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.

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. 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 125 ton HI-TRAC
transfer lid, the neutron shield material, Holtite-A, is also provided. The 125 ton HI-TRAC top
lid is composed of steel-neutron shield-steel, with the neutron shield material being Holtite-A.
The 100 ton HI-TRAC top lid is composed of steel only providing gamma attenuation.

1.2.1.3.1 Boral Neutron Absorber

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.
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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 recently licensed Storable Transport Cask
by Nuclear Assurance Corporation [1.2.5].

As indicated in Tables 1.2.3-1.2.5, 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.

. 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 10CFR72, Subpart G. Holtec International has procured over 200,000 panels of Boral from
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AAR Advanced Structures in over 30 projects. Boral has always been purchased with a
minimum '°B loading requirement. Coupons extracted from production runs were tested using
the wet chemistry procedure. The actual '’B 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% '°B credit of the fixed neutron
absorber is assumed in the criticality analysis in compliance with Chapter 6.0, IV, 4.c of
NUREG-1536, Standard Review Plan for Dry Cask Storage Systems.

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. 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.
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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 32°F) [1.2.7].

Neutron shielding in the 125 ton HI-TRAC transfer cask in the axial direction is provided by
Holtite-A within the top lid and transfer lid. Holtite-A is a poured-in-place solid borated
synthetic neutron-absorbing polymer commercially available under the trade name NS-4-FR (or
equivalent) and will be specified with a minimum B,C loading of 1 weight percent for the HI-
STORM 100 System. Appendix 1.B provides the Holtite-A material properties. Holtec has
performed confirmatory qualification tests on Holtite-A under the company’s QA program.

In the following, a brief summary of the performance characteristics and properties of Holtite-A
is provided.

Density

The specific gravity of Holtite-A is 1.68 g/cm’ 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®. The density used for the
shielding analysis is conservatively assumed to be 1.61 g/cm’ 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%
(minimum) weight concentration. Holtite-A may be specified with a B,C content of up to 6.5
weight percent. For the HI-STORM 100 System, Holtite-A is specified with a minimum B,C
weight percent of 1%.

Design Temperature

The design temperature of Holtite-A is set at 300EF. The maximum spatial temperature of
Hoiltite-A under all normal operating conditions must be demonstrated to be below this design
temperature.
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Thermal Conductivity

Table 1.B.1 lists the thermal conductivity of Holtite-A specified by the manufacturer.

The Holtite-A neutron shielding material is stable below the design temperature for the long term
and provides excellent shielding properties for neutrons. Technical papers provided in Appendix
1.B validate the neutron shield material's long-term stability within the design temperature and
the material's ability to resist the effects of a fire accident. Holtite-A has been utilized in similar
applications and has been licensed for use in a transportation cask under Docket No. 71-9235
and for storage in the HI-STAR 100 overpack under Docket No. 72-1008.

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).
Carbon steel supplements the concrete gamma shielding in most portions of the storage
overpack, most notably the baseplate and the lid. To reduce the radiation streaming through the
overpack air inlets and outlets, gamma shield cross plates are installed in the ducts (Figure 1.2.8)
to scatter the radiation. This scattering acts to significantly reduce the local dose rates adjacent
to the overpack air inlets and outlets.

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.

1.2.14 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 anchor blocks are integrally welded to
the overpack radial plates which in turn are full-length welded to the overpack inner shell, outer
shell, and baseplate. Studs are threaded into the anchor blocks to secure the lid and provide for
lifting. These four studs provide for direct attachment of lifting devices which, along with a
specially-designed lift rig to ensure a vertical lift, allow lifting by a crane or similar equipment.
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The lift rig shall be designed to lift a fully-loaded storage overpack with margins of safety
specified in ANSI N14.6 [1.2.9].

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 a sufficient height to allow air pads to be placed or
removed from under the overpack baseplate.

The HI-TRAC transfer cask is equipped with two lifting trunnions and two pocket 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 ANSIN14.6. The lifting trunnions are installed by threading
into tapped holes just below the top forging. The lifting trunnions feature a locking plate, which
is placed onto the trunnion shaft and bolted to the HI-TRAC external surface to prevent the
lifting trunnion from backing out.

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
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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 mass to be placed in the MPC
internal cavity as a function of the free space. As the fill pressure is highly dependent on the
MPC internal temperature, which increases because of the decay heat and the vacuum drying
process, it is more accurate to measure the mass placed in the MPC internal cavity rather than
pressure.

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.
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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 Design Drawings in Section
1.5. A summary of 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

At the 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 spent fuel pool water or plant demineralized water. 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 ALLARA 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.

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. Dose rates are measured at the MPC lid and around the mid-height
circumference of HI-TRAC to ensure that the dose rates are within expected values. The
Automated Welding System baseplate shield 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). Liquid penetrant examinations are performed on the root
and final passes. A volumetric examination is also performed on the MPC lid-to-shell weld. The
water level is raised to the top of the MPC and the weld is hydrostatically tested. Then a small
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volume of the water is displaced with helium gas. The helium gas is used for leakage testing. A
helium leakage rate test is performed on the MPC lid confinement weld (lid-to-shell) to verify
weld integrity and to ensure that required leakage rates are within acceptance criteria. The water
level is raised to the top of the MPC again and then 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. The volume of water displaced from the MPC is measured to
determine the free volume inside the MPC. This information is used to determine the helium
backfill requirements for the MPC.

The Vacuum Drying System (VDS) is connected to the MPC and is used to remove all 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.

Following this dryness test, the VDS is disconnected and the Helium Backfill System (HBS) is
attached and the MPC is backfilled with a predetermined amount of helium gas. The helium
backfill ensures adequate heat transfer during storage, provides an inert atmosphere for long-
term fuel integrity, and provides the means of future leakage rate testing of the MPC confinement
boundary welds. 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 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. Two cleats provide redundant support of the MPC when it is lifted or supported.

Two or four stays (depending on the site crane hook configuration) are installed between the
MPC lift cleats and the lift yoke main pins. The stays secure the MPC within HI-TRAC while
the pool lid is replaced with the transfer lid. The HI-TRAC is manipulated to replace the pool
lid with the transfer lid. The MPC lift cleats and stays 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
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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
positioned in the truck bay with the lid removed and the vent duct shield inserts installed. The
loaded HI-TRAC is placed using the fuel building crane on top of HI-STORM. Alignment pins
help guide HI-TRAC during this operation.

After the HI-TRAC is positioned atop the HI-STORM, the MPC is raised slightly. The transfer
lid door locking pins are removed and the doors are opened. The MPC is lowered into HI-
STORM. Following verification that the MPC is fully lowered, slings are disconnected and
lowered onto the MPC lid. The doors are closed and the locking pins are installed. HI-TRAC is
removed from on top of HI-STORM along with the vent shield inserts. The MPC lift cleats and
slings are removed from atop the MPC. 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
positioned in the cask transfer facility with the lid removed and the vent duct shield inserts
installed. 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.
The cradle is equipped with rotation trunnions which engage the HI-TRAC 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.

If the loaded HI-TRAC is transferred to the cask transfer facility in the horizontal orientation,
the HI-TRAC and 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.
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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. Alignment pins help guide HI-
TRAC during this operation.

After the HI-TRAC is positioned atop the HI-STORM, the MPC is raised slightly. The transfer
lid door locking pins are removed and the doors are opened. The MPC is lowered into HI-
STORM. Following verification that the MPC is fully lowered, slings are disconnected and
lowered onto the MPC lid. The doors are closed and the locking pins are installed. HI-TRAC is
removed from on top of HI-STORM along with the vent duct shield inserts. The MPC lift cleats
and slings are removed from atop the MPC. 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.

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 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. However, the loaded overpack may be lifted from the top
through the lid studs 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.

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
vent duct shield inserts are installed, and the MPC lift cleats are attached to the MPC. The MPC
lift slings are attached to the MPC lift cleats. HI-TRAC is raised and positioned on top of HI-
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STORM. The MPC is raised into HI-TRAC. Once the MPC is raised into HI-TRAGC, the HI-
TRAC transfer lid doors are closed and the locking pins are installed. HI-TRAC isremoved from
on top of HI-STORM. :

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

HI-TRAC and its enclosed MPC are returned to the designated preparation area and the MPC
stays, MPC lift cleats, and HI-TRAC top lid are removed. The annulus is filled with plant
demineralized water. The annulus shield is installed to protect the annulus from debris produced

from the lid removal process. Similarly, HI-TRAC top surfaces are covered with a protective
fire-retarding blanket.

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

water flooding. Following the fuel cool-down, the MPC is flooded with water. The MPC lid-to-
MPC shell weld is removed. Then, all weld removal equipment is removed with the MPC lid left

in place.

The inflatable annulus seal is installed and pressurized. 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

1.2.23 Identification of Subjects 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 and MPC-68 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.

The MPC-68 basket is equipped with Boral with a minimum "°B areal density of 0.0372 g/cm?
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The MPC-24 basket is equipped with Boral with a minimum '°B areal density of 0.0267 g/cm®.
Due to the lower reactivity of the fuel to be stored in the MPC-68F as specified by the Technical
Specifications in Chapter 12, the MPC-68F is equipped with Boral with a minimum '°B areal
density of 0.01 g/cm*.

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.

1.2.23.3 Operation Shutdown Modes

The HI-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.

12234 Instrumentation

As stated earlier, the HI-STORM 100 confinement boundary is the MPC, which is seal welded
and leak 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, a thermocouple may be utilized to monitor the air
temperature of the HI-STORM overpack exit vent in lieu of routinely inspecting the ducts for
blockage. See Subsection 2.3.3.2 and the Technical Specifications in Chapter 12 for additional
details.

1.2.2.3.5 Maintenance Technique

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 design parameters for the MPCs. A description of acceptable fuel assemblies for
storage in the MPCs is provided in Section 2.1 and the Technical Specifications.
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At this time, failed fuel assemblies discharged from Dresden Unit 1 and Humboldt Bay reactors
have been evaluated and this application requests approval of these two types of damaged fuel
assemblies and fuel debris as contents for storage in the MPC-68. Damaged fuel assemblies and
fuel debris shall be placed in damaged fuel containers prior to loading into the MPC to facilitate
handling and contain loose components. Any combination of damaged fuel assemblies in
damaged fuel containers and intact fuel assemblies, up to a total of 68, may be stored in the
standard MPC-68. The MPC-68 design to store fuel debris is almost identical to the MPC-68
design to store intact or damaged fuel, the sole difference being the former requires a lower
minimum B'® areal density in the Boral. Therefore, an MPC-68 which is to store damaged fuel
containers with fuel assemblies classified as fuel debris must be designated during fabrication
to ensure the proper minimum B'° areal density criteria is applied. To distinguish an MPC-68
which is fabricated to store damaged fuel containers with fuel assemblies classified as fuel
debris, the MPC shall be designated as an "MPC-68F".

Up to 4 damaged fuel containers with fuel assemblies classified as fuel debris and meeting the
requirements in the Technical Specifications may be stored within an MPC-68F. The quantity
of damaged fuel containers with fuel debris is limited to meet the off-site transportation
requirements of 10CFR71, specifically, 10CFR71.63(b).
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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 revision of the submittal

3

1 for PWR
2 for BWR

MPC storage capacity:

MPC-24

Up to 24 intact zircaloy or
stainless steel clad PWR fuel
assemblies. Control
components and non-fuel
hardware are not authorized
for loading.

MPC-68

MPC-68F

Any combination of damaged
fuel assemblies in damaged
fuel containers and intact fuel
assemblies, up to a total of 68
in the MPC-68

OR

Up to 4 damaged fuel
containers with zircaloy clad
BWR fuel debris and the
complement damaged
zircaloy clad BWR fuel
assemblies in damaged fuel
containers or intact fuel
assemblies within an MPC-
68F.
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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 ) 725°/-40°1 725°/-40°1
Design internal pressure (psig)
Normal conditions 100 100
Off-normal conditions 100 100
Accident Conditions 125 125

Total heat load, max. (kW)

20.88 (MPC-24)

21.4 (MPC-68)

Maximum permissible peak fuel
cladding temperature:

Normal (°F) See Table 2.2.3 See Table 2.2.3
Short Term & Accident (°F) 1058° 1058°
MPC internal environment
Helium fill (g-moles/l of free space) 0.1212 (MPC-24) 0.1218

(MPC-68 & MPC-68F)

Maximum permissible multiplication
factor (k.q) including all uncertainties
and biases

<0.95

<0.95

Boral '°B Areal Density (g/cm?)

0.0267 (MPC-24)

0.0372 (MPC-68)
0.01 (MPC-68F)

End closure(s)

Welded

Welded

Fuel handling Opening compatible Opening compatible
with standard grapples | with standard grapples
Heat dissipation Passive Passive

Tt

Maximum normal condition desj
listing of design temperatures fo

Temperature based on off-normal min

r all components is provided in Table 2.2.3.

Section 2.2.2.2 and no fuel decay heat load.

imum environmental tem

gn temperatures for the MPC fuel basket. A complete

peratures specified in
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Table 1.2.3

BORAL EXPERIENCE LIST
DOMESTIC PRESSURIZED WATER REACTORS

Plant

Utility

Donald C. Cook

American Electric Power

Indian Point 3

New York Power Authority

Maine Yankee

Maine Yankee Atomic Power

Salem 1,2

Public Service Electric and Gas

Sequoyah 1,2

Tennessee Valley Authority

Yankee Rowe

Yankee Atomic Power

Zion 1,2

Commonwealth Edison Company

Byron 1,2

Commonwealth Edison Company

Braidwood 1,2

Commonwealth Edison Company

Three Mile Island 1

GPU Nuclear

Sequoyah (rerack)

Tennessee Valley Authority

D.C. Cook (rerack)

American Electric Power

Maine Yankee

Maine Yankee Atomic Power Company

Connecticut Yankee

Northeast Utilities Service Company

Salem Units 1 & 2 (rerack)

Public Service Electric & Gas Company
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Table 1.2.4

BORAL EXPERIENCE LIST

DOMESTIC BOILING WATER REACTORS

Plant

Utility

Browns Ferry 1,23

Tennessee Valley Authority

Brunswick 1,2

Carolina Power & Light

Clinton

Illinois Power

Dresden 2,3

Commonwealth Edison Company

Duane Armnold Energy Center

Iowa Electric Light and Power

J.A. FitzPatrick New York Power Authority
E.l. Hatch 1,2 Georgia Power Company
Hope Creek Public Service Electric and Gas

Humboldt Bay

Pacific Gas and Electric Company

LaCrosse Dairyland Power
Limerick 1,2 Philadelphia Electric Company
Monticello Northern States Power

Peachbottom 2,3

Philadelphia Electric Company

Perry 1,2

Cleveland Electric Illuminating

Pilgrim

Boston Edison Company

Susquehanna 1,2

Pennsylvania Power & Light

Vermont Yankee

Vermont Yankee Atomic Power

Hope Creek

Public Service Electric and Gas Company

Shearon Harris Pool B

Carolina Power & Light Company

Duane Amold

Towa Electric Light and Power

Pilgrim

Boston Edison Company

LaSalle Unit 1

Commonwealth Edison Company

Millstone Point Unit One

Northeast Utilities Service Company
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Table 1.2.5

BORAL EXPERIENCE LIST
FOREIGN PLANTS
INTERNATIONAL INSTALLATIONS USING BORAL
COUNTRY PLANT(S)

France 12 PWR Plants
South Africa Koeberg 1,2
Switzerland Beznau 1,2

Gosgen
Taiwan Chin-Shan 1,2

Kuosheng 1,2
Mexico Laguna Verde Units 1,2
Korea Ulchin Units 1, 2
Brazil Angra 1
United Kingdom Sizewell B

HI-STORM FSAR
REPORT HI-2002444

1.2-27

Rev. 0



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.

1 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 the decon pit and MPC lid welded in place, volumetrically
or multi-layer PTexamined, hydrostatically tested, and leak tested

5 MPC dewatered, vacuum dried, 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

9 MPC lowered and seated on HI-TRAC transfer lid

10 HI-TRAC/MPC assembly transferred to atop HI-STORM overpack

11 MPC weight supported by rigging and transfer lid doors opened

12 MPC lowered into HI-STORM overpack, HI-TRAC transfer lid doors closed, and HI-TRAC
removed from atop HI-STORM overpack

13 HI-STORM overpack lid installed and bolted in place

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

MPC INSTALLATION IN HI-TRAC

i i

—— — — 1

3. MPC AND ANNULUS FILLING

HI-TRAC PLACEMENT IN THE
SPENT FUEL POOL

] I
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o . .OLI

Figure 1.2.16a; Major HI-STORM 100 Loading Operations (Sheet 1 of 6)
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FUEL LOADING b, MPC LID INSTALLATION

HI-TRAC REMOVAL FROM THE 8. MPC LID WELDING

SPENT FUEL POOL

Figure 1.2.16b; Major HI-STORM 100 Loading Operations (Sheet 2 of 6)
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MPC DRAINING/DRYING 10 MPC VENT/DRAIN PORT AND
AND BACKFILLING CLOSURE RING DETAILS

HI-TRAC TOP LID INSTALLATION 12 BOTTOM LID REPLACEMENT

J

J

Figure 1.2.16¢c; Major HI-STORM 100 Loading Operations (Sheet 3 of 6)
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13 SAMPLE MPC TRANSFER MODES
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Figure 1.2.16d; Major HI-STORM 100 Loading Operations (Sheet 4 of 6)
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14, SAMPLE HI-STORM HANDLING METHODS ﬁ

AIR PAD
RAIL DOLLY

CASK CRAWLER b

e e s

HEAVY-HAUL TRAILER
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]

Figure 1.2.16e; Example of HI-STORM 100 Handling Options (Sheet 5 of 6)

HI-STORM FSAR P—
REPORT HI-2002444




15 SAMPLE HI-TRAC HANDLING METHIODS

SONONO,

RAIL DOLLY

VERTICAL CASK CRAWLER 4

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

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

A==j

|

H
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BOTTOM LID REPLACEMENT HI-TRAC UPPER SHIELD
PLATE REMOVAL
~a -
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Figure 1.2.17a; Major HI-STORM 100 Unloading Operations (Sheet 1 of 4)
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MPC VENT/DRAIN PORT AND 6. MPC COOL-DOWN
CLOSURE RING REMOVAL AND WATER FILLING

T A A A A A A o

) -

HI-TRAC INSTALLATION IN THE

7. MPC LID WELD REMOVAL 8.
SPENT FUEL POOL l

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

P

i ) i [ i
HI-TRAC REMOVAL FROM THE
1. SPENT FUEL POOL 12. MPC REMOVAL
n [l \
f J
=T { ]

Figure 1.2.17¢; Major HI-STORM 100 Unloading Operations (Sheet 3 of 4)
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13. MPC AND HI-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 10CFR50, Appendix B, and was expanded to include provisions of
10CFR71, Subpart H, and 10CFR72, Subpart G, for structures, systems, and components designated
as important to safety. A description of the quality assurance program and its method of satisfying
all 18 criteria in 10CFR72, Subpart G, that apply to the design, fabrication, construction, testing,
operation, modification, and decommissioning of structures, systems, and components important to
safety is provided in Chapter 13.

It is currently planned that the HI-STORM 100 System will be fabricated by U.S. Tool ‘& Die, Inc.
(UST&D) of Pittsburgh, Pennsylvania. UST&D is an N-Stamp holder and a highly respected
fabricator of nuclear components. UST&D is on Holtec's Approved Vendors List (AVL) and has a
quality assurance program meeting 10CFR50 Appendix B criteria. Extensive prototypical fabrication
of the MPCs has been carried out at the UST&D 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 described in Chapter 13.

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 10CFRS50
Appendix B criteria.

HI-STORM FSAR Rev. 0
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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 heat transfer considerations. Tables 1.4.1
and 1.4.2 provide the minimum pitch requirements, determined by heat transfer calculations in
Chapter 4. The pitch values are minimums and may be increased to suit the user’s specific needs.
If MPC transfer operations between the HI-TRAC transfer cask and HI-STORM overpack are to be
performed on the ISFSI pad, the minimum cask pitch values may not provide sufficient clearance
to perform the transfer operations. An alternative to performing the MPC transfer operations on the
ISFSI pad is to provide a separate MPC transfer area at the ISFSI.

For array(s) of two by N casks, the pitch between adjacent rows of casks (P1) and between each
adjacent column of casks (P2) shall be in accordance with 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 shall be in accordance with Table 1.4.2.
See Figure 1.4.2 for further clarification. The total quantity of rows and columns is unlimited
provided the minimum pitch specified in Table 1.4.2 is met.

HI-STORM FSAR Rev. 0
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Table 1.4.1

CASK LAYOUT MINIMUM PITCH DATA FOR 2 BY N ARRAYS

Orientation Minimum
Cask Pitch (ft.)
Between adjacent rows, P1, 13.5
and adjacent columns, P2
Between adjacent sets of two 38
columns, P3
HI-STORM FSAR Rev. 0
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Table 1.4.2

CASK LAYOUT MINIMUM PITCH DATA FOR SQUARE ARRAYS

Orientation Minimum
Cask Pitch (ft.)
Between adjacent casks 18 - 8"
HI-STORM FSAR Rev. 0
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FIGURE 1.4.1; CASK LAYOUT PITCH REQUIREMENTS
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FIGURE 1.4.2; CASK LAYOUT PITCH REQUIREMENTS
BASED ON A SQUARE ARRAY
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1.5 GENERAL ARRANGEMENT DRAWINGS

The following HI-STORM 100 System design drawings and bills of materials are provided on

subsequent pages in this subsection:

Drawing
Number/Sheet

Description

Rev.

5014-1395 Sht 1/4

HI-STAR 100 MPC-24 Construction

10

5014-1395 Sht 2/4

HI-STAR 100 MPC-24 Construction

5014-1395 Sht 3/4

HI-STAR 100 MPC-24 Construction

5014-1395 Sht 4/4

HI-STAR 100 MPC-24 Construction

5014-1396 Sht 1/6

HI-STAR 100 MPC-24 Construction

5014-1396 Sht 2/6

HI-STAR 100 MPC-24 Construction

5014-1396 Sht 3/6

HI-STAR 100 MPC-24 Construction

5014-1396 Sht 4/6

HI-STAR 100 MPC-24 Construction

5014-1396 Sht 5/6

HI-STAR 100 MPC-24 Construction

5014-1396 Sht 6/6

HI-STAR 100 MPC-24 Construction

5014-1401 Sht 1/4

HI-STAR 100 MPC-68 Construction

5014-1401 Sht 2/4

HI-STAR 100 MPC-68 Construction

5014-1401 Sht 3/4

HI-STAR 100 MPC-68 Construction

5014-1401 Sht 4/4

HI-STAR 100 MPC-68 Construction

5014-1402 Sht 1/6

HI-STAR 100 MPC-68 Construction

5014-1402 Sht 2/6

HI-STAR 100 MPC-68 Construction

5014-1402 Sht 3/6

HI-STAR 100 MPC-68 Construction

5014-1402 Sht 4/6

HI-STAR 100 MPC-68 Construction

5014-1402 Sht 5/6

HI-STAR 100 MPC-68 Construction

5014-1402 Sht 6/6

HI-STAR 100 MPC-68 Construction

5014-1495 Sht 1/6

HI-STORM 100 Assembly

HI-STORM FSAR
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Drawing
Number/Sheet Description Rev.
5014-1495 Sht 2/6 Cross Section "Z" - "Z" View of HI-STORM 9
5014-1495 Sht 3/6 Section "Y" - "Y" of HI-STORM 7
5014-1495 Sht 4/6 Section "X" -"X" of HI-STORM 8
5014-1495 Sht 5/6 Section "W" -"W" of HI-STORM 9
5014-1495 Sht 6/6 HI-STORM Outlet Vent Thermocouple Mounting 3
Hardware
5014-1561 Sht 1/5 View "A" -"A" of HI-STORM 7
5014-1561 Sht 2/5 Detail "B" of HI-STORM 7
5014-1561 Sht 3/5 Detail of Air Inlet of HI-STORM 7
5014-1561 Sht 4/5 Detail of Air Outlet of HI-STORM 7
5014-1561 Sht 5/5 Miscellaneous Detail of HI-STORM 7
5014-1783 Sht 1/1 General Arrangement Damaged Fuel Container 2
5014-1784 Sht 1/1 Damaged Fuel Container Details 1
5014-1880 Sht 1/10 125 Ton HI-TRAC OQutline with Pool Lid 7
5014-1880 Sht 2/10 125 Ton HI-TRAC Body Sectioned Elevation 8
5014-1880 Sht 3/10 125 Ton HI-TRAC Body Sectioned Elevation "B" - 7
gy
5014-1880 Sht 4/10 125 Ton Transfer Cask Detail of Bottom Flange 8
5014-1880 Sht 5/10 125 Ton Transfer Cask Detail of Pool Lid 8
5014-1880 Sht 6/10 125 Ton Transfer Cask Detail of Top Flange 8
5014-1880 Sht 7/10 125 Ton Transfer Cask Detail of Top Lid 7
5014-1880 Sht 8/10 125 Ton Transfer Cask View "Y" - "y" 7
5014-1880 Sht 9/10 125 Ton Transfer Cask Lifting Trunnion and 5
Locking Pad
5014-1880 Sht 10/10 | 125 Ton Transfer Cask View "Z" - "Z" 7

HI-STORM FSAR
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Drawing

Number/Sheet Description Rev.
5014-1928 Sht 1/2 125 Ton HI-TRAC Transfer Lid Housing Detail 8
5014-1928 Sht 2/2 125 Ton HI-TRAC Transfer Lid Door Detail 8
5014-2145 Sht 1/10 100 Ton HI-TRAC Outline with Pool Lid 6
5014-2145 Sht 2/10 100 Ton HI-TRAC Body Sectioned Elevation 6
5014-2145 Sht 3/10 100 Ton HI-TRAC Body Sectioned Elevation 'B-B' 6
5014-2145 Sht 4/10 100 Ton HI-TRAC Detail of Bottom Flange 5
5014-2145 Sht 5/10 100 Ton HI-TRAC Detail of Pool Lid 4
5014-2145 Sht 6/10 100 Ton HI-TRAC Detail of Top Flange 6
5014-2145 Sht 7/10 100 Ton HI-TRAC Detail of Top Lid 6
5014-2145 Sht 8/10 100 Ton HI-TRAC View Y-Y 6
5014-2145 Sht 9/10 100 Ton HI-TRAC Lifting Trunnions and Locking 4
Pad

5014-2145 Sht 10/10 | 100 Ton HI-TRAC View Z-Z 5

5014-2152 Sht 1/2 100 Ton HI-TRAC Transfer Lid Housing Detail 6

5014-2152 Sht 2/2 100 Ton HI-'TRAC Transfer Lid Door Detail 6

BM-1478, Sht 1/2 Bills-of-Materials for 24-Assembly HI-STAR 100 9
PWR MPC

BM-1478, Sht 2/2 Bills of Material for 24-Assembly HI-STAR 100 11
PWR MPC

BM-1479, Sht 1/2 Bills-of-Material for 68-Assembly HI-STAR 100 10
BWR MPC

BM-1479, Sht 2/2 Bills-of-Material for 68-Assembly HI-STAR 100 13
BWR MPC

BM-1575, Sht 1/2 HI-STORM 100 Storage Overpack Bill of Materials 8

BM-1575, Sht 2/2 HI-STORM 100 Storage Overpack Bill of Materials 8

BM-1819, Sht 1/1

Bills-of-Materials for HI-STAR 100 System Failed
Fuel Canister

HI-STORM FSAR
REPORT HI-2002444
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Lid

Drawing
Number/Sheet Description Rev.
BM-1880, Sht 1/2 Bill of Material for 125 Ton HI-TRAC 7
BM-1880, Sht 2/2 Bill of Material for 125 Ton HI-TRAC 5
BM-1928, Sht 1/1 Bill of Material for 125 Ton HI-TRAC Transfer Lid 7
BM-2145 Sht 1/2 Bills-of-Materials for 100 Ton HI-TRAC 4
BM-2145 Sht 2/2 Bills-of-Materials for 100 Ton HI-TRAC 3
BM-2152 Sht 1/1 Bills-of-Materials for 100 Ton HI-TRAC Transfer 5

Notes: 1. The HI-STAR 100 MPCs are identical to the MPCs used in the HI-STORM 100

System.
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BILL OF MATERIALS FOR 24-ASSEMBLY HI-STAR 100 PNR WPC.(BM-1478)

REF. DEG. 1395 & 1396. SHEET 1 OF 2
RET.NO PREP. BY PROJ. WANAGER QA. NANAGER
T k DATR & YTE & DATE
...
9 géﬁg e.c Bl
Gls /o G- -ax
ITEK NO. | QTY.| MATRRIAL DESCRIPTION NOMENCLATORE
th 2 |ALDY X SEENDIE | | AATE SI6* KX B3.20° REF V. X 176 172 16 ASKET (L RATE
i# ] RAIE /16" T X 80.57" RFF V. X 176 1/2°L6. BASET (BL PLATE
it 2 ALATE 5/16° THC X 43.42° BEF ¥. X 16 1/2°LG. BASKET (ELL PUATE
L ! PLATE 5/16° THC X 20.402 * PEF . X 176 1/2°16 BASET (HLL ALATE
IE { PLATE S/I6° TH X 7.7U75* REF v. X 176 1/2°LG. BASKET (HL ALATE
IF 2 RLATE /16" THK XI0.465 * #F ¥. X 175 1/2°1C. MSET (BL ANTE
16 ! PLATE S/16° THK X 9.745 * REF ¥. X |5 1/2°LE. BASKET CELL PLATE
L 2 PLATE /16" T X 9.03 ° BEF V. X 176 L2'LG. BMASET (ELL ALATE
2 A v PIFE 3*-SCH B0 LGTH AS FEOD. UPFER FLEL SPACER PIPE
WP | WD HRA. 75T, X 7.5°W.46 14°) X 155" LG.PER [ET.00G. |55, SFE NOTE 2. MELTRON ABSIREER
U8 | BI2) | ALY X SEMDTE L | 06* THK. SHEATHING PER OET. NG, 135, SEATHING
S ‘ ALATE /I6°TH X 3* . X 176 1/2°LG. BASCET (ELL ALATE
4 PLATE S/16°TH X 3 4° APPRR. ¥. X 176 L/2°LE. BASET (BL AT
' 4 PATE LS AP T X T 0. X I6B'LG. BASKET SUPPRT
9 4 2 \/2'VIE X 1G9°LG. THIDESS AS FEDD MSET IFFRT
b3 4 2 “WIEE X 1G8'LG. THIDOESS AS RED. MSET IPPRT
¥ (ELETD .
% ‘ | 174 WIE X 168* L. THICINESS AS FEED. BASKET SUPPRT SHIN
H - HER —
6 | 172 THCX 6 V8" 0.0, X 187 54° LG. CINER. 9L
7 | BASERLATE 2 /7 T X 68 347 0.0. BASEPLATE
& , VLT NGLE X 175 122 LG, RN PLATE PER CET. OOG. |35 BAXET (L MGE
@ 2 Q2 TH. DWOEL X 176 1/2° L. FRON FLATE PER (ET.OG. 135 BASET (AL DieeL
ey ' /16" THLX 10° ¥. AP, X 168° LG. PER (FT. BAET SPFIRT
B 2 S/ABTH. X7 /2 WP V. X 168 LG. PER (ET. MSET IPPET
T [ VIETH. X5 AP, ¥. X 168" LG. PER [ET. BOE P!
9 - (RLETED -
3 - (HLETED —
F - ORLETED -
% - (RLETED -
% - BFR -
0 ] PLATE 14" TR X 3 1/2° WIDE X 8 24° (. LIFT UG
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BILL OF MATERIALS FOR 24-ASSENBLY RI-STAR 100 PWR WPC.(BU-1478)

REF. DAC. 1395 & 1396. SHEET 2 OF 2
—_— PREP. BY CHECKED BY PR0J. WANACER QA. MANAGER
- t TR a f Eﬂz ¢ YTy t Ut
EE 81948 AN )'zg ﬁ*n
1 E&g ; . i’t.—
S, slelrs | =b&ae $-\8-9¥
TN, Q.| WIRIAL DES&IPTM NOMENCLATURE
I 4 |aum e SEE L RATE i T X & WIE X T LG, LIFT LLG BASERLATE
2 U ALY “x SEENDTE 1. eI D X574 (. RAIN SOELD ALK
3% 2 MV UREBE ARV 1116 TDXATS LG, PIESITNG S SO DG 16 4 | van MO (RAIN TUEE
B 2 oS omEweRE) BR 2 LD X2 L/ LG, OINOSIDG AS S0M DN DG 136 914 VENT NG [RAIN TEE (#
u I | ALY "X SEE NDE 1. PUATE § (/2° TR X 67 14° 0.0, W LD
15 | | RING V8" X ST ID. X 67 74° 0D, W (LISIEE RING
| D v S8 SN SIZE S RED. SELL SHIN
Y _ — EER —
1 - - B -
19 NLDY *x* S NTIE | PLE 38° TK. X 3 287D, FOFT CIMER ALATE
2 X h1oHe @ SR VA-1C X | IATLG. HEX LT ¥ITH ALL THAD. \PPER RLEL SPNCER LT
2 - |meaa -
2 - - 313 -
a ¢ | ~IGHE @ SR D VAT X 2 VAL SIEET SET TR LB LIM MLE UG
M M| Y SENTE L | RUTE A TRXI W O (PPER AEL SPACER B0 PLATE
5 USET | ALDY X SEMITE .| LOGM, VIO MO THIOIESS OF SHIME AS RELRED. L10 SN
L LD zravisnmwsnu.mmm AR
7 i (BER
| || r ENEL ae s @ xS YN QUICK QISTOMY. CRLG.
A o jumerEwEL | oo YO SRD ALK PACER
3 T [ MOreF SENEL | g 10 PIFE XT3 L2 AR LG (RN LDE
1 S BED —
b4 bl 6 9. RBING X L4* WAL LG AS REG D, LDE: RB. PACR (LN
o A RAATE 18 TR X85 W. 06 RA P B0 RATE
bt L] ANE & I XBT 9 DB AB. FOER B0 ALTE
¥ s, v 906 V&, 34° 4 2 1/ VIE X (66" L6. THITOESS iS BETD. NSET IS
F|SED| amoomnm Ur I K 1% L2 L6 KN, SER1 HeA1 DI BB
¥ 2 AN 0.08° ™K |94 I, 0.5 HOF A W6
7 2 “ Ve A X I LG TN WIER EL1
» ? RLOY “x* SHE MOE 1. 1 210 U7 10 17 SEF RADE
3 18 urTENEL | ez eeoE AN
WS FROE 182y - AL LIS A F TiE RLLOMG ATEPUGLE STABLESS STERL ALINS: K9€ TWE 76, BN, T4, AN,

THE ALY TD B L6H) WL B SPECIFTED BY E (IDGEE.

2. MNP BB B-10 LDAOING 1S 0.0057 g/on?  BORAL 100 S PASSIVAFED FERR 70 DETALATION.

3. &L [MOGTIE A PRDUMTE CPOCIDE.

4. (186 T.9.5.5 %8216, 40 T W B NE N MOE T DE PIE. T O5 (F PIECES (O M1 D 10 & LD
TOETHER &1 THEY MIST NE RLUSH W1TH EACH OTHERZ WM NETALED.




BILL OF WATERIALS FOR 68-ASSEMBLY HI-STAR 100 BYR WPC.(BM-1479)

REF. DNGS. 1401 & 1402. SHEET 1 OF 2
REV. NO.;  PREP. BY & DATE CHECKED BY DATE PROJ. MANAGER k DATE {  QA. MANAGER & DATE
P Al A0 /{_g - O g
0 | B | O | T
2lo)q9 ke
[TEN N0, QTY. | WATERIAL DESCRIPTION NONENCLATURE
(A 3 ALDY *X° SEE NOTE 1. PLATE 174" THC. X 65.65°W. X 176" LG PER (ET. OWG. 1401 BASKET (L PLATE
18 4 PLATE 174 T X S2.67°¥ X 176" LG PER OET. OVG. 1401 BASKET CELL PLATE
IC 2 PLATE 1/4 THC. X 0.60Y. X I76° LG PER [T O%G. 1401, BASKET (ELL PLATE
0 2 PLATE 1/4° T X 13.73°%. X (76" LG PER OET. OWG. 1401 BASKET (ELL ALNE
13 B PLATE 174" TH. X 6.24°Y. X (76" LG PER DET. (MG, 1401 BASKET CELL ALATE
2 % Vv 3~ SCH B0 PIFE LGTH A RED LPPER FLEL SPCER CLLMY
U (16 BIRL O TH. X4 V4K, X 156° LG.PER OET.VG. 1401. SEE NOTE 2. NEUTRON ABSTROER
4 W6 | ALY X SEENDTE I | 075 THK. SEATHING PER (ET. ONG. 1401 HEATHING
S g BAP 1 WICE X 160.5* LG THICKNESS A PEOD. BASET LPPRT SHIN
6 | 1/ TROXEB VA" 0.0. X 167 8" 6. CYLINGER. 9EUL
7 | BASEPLATE 2 1/2* THK X 68 V& [L.D. BASEPLATE
8 8 PLATE S/16°THK. X 10* APPRX.W.X 168 12" LG. PER [ET. NG. 140 BAKE] LPPRT
U 4 BIR 1* V. X 8 APPROK.TIK. X 168 172" G. BASKET SLPPIRT
® |8 21/2° ¥, X 188 1/2* LG. THIDKNESS AS RECD. QL T0 9L 1.0. BASKET SUPPORT
: 8 2 172 VIEE X 168 1/2* LG. THICKAESS AS PEED. AL 10 SLL 1.0. BAET SUPPIRT
] - (RETED e
10 4 PLATE 4° T, X 3 1/2° YIE X 8 V4" LG. LIFT LG
I 4 PLATE 34" THC. X 2 1/2° NICE X 4° LG LIFT LUG BISERLATE
12 ! Y B8R 3550 XS 78 LG, (RAIN SHIELO BLOCK
B | 2 | D e BAR 2 11/16° 0D X 6 4" BEF LG, DDOSIN DN DG M2 ST 4 | YENT M CRAIN NEE
B 2 ﬁm BIR 2 /4" 0 X 2 14° BF LG OIMSIIN N WG 1402 941 4 VBN A CRAIN TUEE OO
4 || ALY X S NDTE 1. PLATE 10° THC. X 67 1/4° 0.0. (WC-GB) WL
PLATE 10° THK. X 86 1/4° 0.D. [W-60F)
I I | ALDY X" SEE MOTE L. RING ¥8° T X 53° 10. X 67 748° 0.0. (WPC-68) W (LISE RING
RING V8" T X ST 10. X §7 Y8 0.0. (-6
6 {ASRED. | ALLOY X" SEE NDTE . SELL I SIZES AS RED. SHELL BHIN
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BEP. DUGS. 1401 k 1402. SHEET 2 OF 2
REV. NO. PREP. BY & DATE CBECKED BY DATE PROJ. UANAGER k DATE QA. HANAGER & DATE
2 P a
ﬂ. /'l_ﬂ }l—g n.o
B 1 rmim 2 fae/p9 ‘?-.léﬂi 5 S a0 ?
[TV NO.| QTY.|  MATERIAL DESCRIPTION NONENCLATURE
n l ALY "X SENDTE . | 1" THOX G338 M0 X LI 98 16 OLINDRR {WPU-GF) saL
18 - - 032 ] --
19 2 (ALY 'Y SENDTE L | PLATE /8" T X 374" ID. PIRT (VR PLATE
2 B | A-193-88 R SIMILAR | 14°-10C X | T7S'LG. AULL THRD. HEX. BLT {PPER FIEL SPACER BLT
2 - - BE® —
DELETED
3 4 A1HIB IR SIMILAR | | J4°-9C X 2 14° (6. SOKET SET SCREY. LIFT HLE ALLG
A B8 ALLUY "X ME NI £ | PLAIE ' IHK X 5 4" L. LPPER AL PACER BND PLATE
5 USET | ALY X" SEENOTE || 1FNGTH, WINTH , THINKNESS AND TRANTTTY AS @R LID SHiN
% l “ 2 FENALE X | 1/4° MALE SCH. 40, /S REOUCER (R EQUIVALEMT PEDLLCER
a 2133
b || ALY X SEENTE 1. | BAR 375 . X5.5° LG. VENT SHIELD BLXX
. 4 | ALDY “x* SEENOTE 1. R 7SI XSG YENT SHIELD BLOCK SPACER
¥ l ALIY “x* SEE NOTE 1. SCH 0 PIPE X 173" APPROX.((. OUAIN LI
B - 21301 -
2 ~ - (BLETD -
B B W0 SENTEL | 4 ST X 14 WL LBGIH S RED. | FR SOFTREL LY ) LR REL PACER LU
b B v rEme | Y& M XS D ANE (AR HETAR MY ) LOWER REL SPACER B0 PLATE
b B ALDY *x* SEE NOTE 1. I K. XS VA @ RATE ( FIR SHERT AEL MY ) LMER FIEL SPAGER B0 PLATE
b WAD
¥ AS BEID [ ALLDY X SEENOTE + | 1 WIEE X 168" LG. THIDOESS AS RED. MSFT SHIN
Blj AS PED | ALLM. ALY 1100 18 TH. X 176 LG, AUN. SHET. HEAT CDNILCTIIN ELEWENTS
B 2 NLMINN 065" THOX 1434 [, 250 HALE N WS
B 2 w® 1A DA X VARG TN WHR A1
4 2 NLDY X SEENDTE || 1/8* THK. 6° X 6* APV, SHEET (RAIN LI
4 g ALDY X SENE 1| VB T X6 X6 AR SER RAIN LI
NOTES: (FIR SHEET 1 4 2)

THE ALLOY 70 BE USED SHALL BF SPECIFIED BY THE LICENSEE.
2. MINIMM BORAL B-10 LBADING IS 0.0372 ?/tnz aRA 10 E PASSIVATED PRIDR 1O INSTALLATION.

IR WPC-68F,

NINIMM B B-10

6 15 0.01 g/er.

1AL OICXSIERS AR ATOIXIMATL DINOXSIONS.

4. 1186 5.8.9.9,9,16,3 A0 77 NAY B NATE FRIM MBE THAK DN PIECE.  THE EXCS OF PIECES (0 NOT NEED 10 BE VELOED
TIETHER BUT THEY MUST B ALUSH WITH EACH OTHER WHEN [NSTALLED.

L ALDY XIS ANY OF THE FLLIVING ACCEPTALE STAINLESS STERL ALLIYS: AD¥E TYPE 216, JIGIN, I, 304N,
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BM-1575 (E.I.D. 2839) BILL OF MATERIAL FOR HI-STORM (DWG. 1495, 1561) SHT 1 OF 2
REV. NO. PREP. BY -CHE Y, ROJ. MANAGER DA. MANAGER
8 PSR LD S014-12 S /{-u
2 [ifee A/re 21Tt
TTEM]OTY. [SPECIFICATION NOMENCLCATURE DESCRIPTION
] | SASIb GR. 70 |BASEPLATE 2 THK. X 133 7/8@ BASEPLATE
2 |1 [ SASIE GR. 70 [OUTER SHELL 374 THK X 224 1/2 Lb. X 132 12 0.0 CYLINDER (MAY BE MADE IN SECTIONS, SEE OWG 1485 SHT 5)
3 | | SASIE GR. 70 [INNER SHELL 1747 TR, X 224 172 [G. X 76 0 0. CYLINDER T T
4 CONCRETE RADIAL SHIFLD 26 374 THK. RADIAL SHIELD
5 SA 516 GR. 70 [PEDESTAL SHELL [/4 THC. X 68 3/800. X 21 5/8 LG CYLINOER
B I|__[SASI6 GR. 70 (L]0 BOTTOM PLATE [ 174 THK_ X 63" @ PLATE.
7 I [ SASIE GR. 70[LI0 SHELL | THK. X 10 /7 WIDE X 69 0.0
8 | 4 TSASI6 GR. 70 |EXIT VENT HORIZONTAL PLATE|l 174 THK. X 76 WIDE X 30 LG. PLATE (SEC OET. OWG. 1561 SHT. 47
g | [SA 516 GR. 70 ]T0P PLAIE 3/4 THK X 131 1/2 00 X 8l 1/2 1.0 RING (CUT IN 4 PIECES)
10 [ I_|SA-516-70 LID T0P PLATE 4 THK. X 126 @ PLATE (MADE FROM TWD 2” THICK PLATES)
[l | 4 [SA-516-70 INLET VENT HORIZONTAL PLATE |2 THK. X 16 [/2 WIDF X 30 1/4 LG. PLATE (SEE DET. DNG. 1561 SHT. )
12 | B [SASIE GR. 70[EXIT VENT VERTICAL PLATE [1/2 THK. X 5 1/4 WIOL X J0 APPROX. LG. PLATC
31 8 [SASI6 GR. 70 [INLET VENT VERTICAL PLATE |374 THK. X 10 WIDF X 29 3/16 APPROX. LG. PLATE
4 | 4 [SASI6 GR. 70 [RADIAL PLATE 3/4 THK. X 27 /2 WIOE X 224 1/2 LG. PLAIE
5 |4 |SA 193 2H T0P LID NUT 3 174 - 4 UNC HEAVY HEX NUT
SA 564-630 AGE
16| 4 TéggggEo AT LID STLD 3 - 4 UNC X 16 LG. (SEE OWG 1561, SHT 2)
21 4 SA 350 LF3 j
| BR S 203 F | BOLT ANCHOR BLOCK S X9 X B ANCHOR BLOCK W/ 3 - 4 UNC X S LG HOLE IN CENTER
B [ -- |- DELETED -
19 ] 16 [SA SI6 GR. 70 |CHANNEL 3/16 THK. X & WIDE X 170 778 (. CHANNEL (SEE DETAIL 1485 SH. 5)
74 THK X 64 1/2 1.0 X85 172 0.0.
20 | I |SASIBCR. 70 | SHIELD BLOCK RING (MAY BE MADE FROM MORE THAN | PIECE )
2l | 1 CONCRETE PEDESTAL SHIELD [7" THK__ PLATFORM
22 |1 CONCRETE [ID SHIELD [0 1/2 THK. TOP SHIELD
23] - |-- DELETED ---
25 | | | CONCRETE SHIELD BLOCK 8" THK.
26 | T [SASI6 GR. 70 |SHIELD BLOCK SHELL [72 THK X 86 0.0. CYLINDER X B° HIGH ( MAY MAKE DUT OF MORE THAN | PIECE)
27 1 T [SA 516 GR. 70 |SHIELD BLOCK SHELL [/2 THK X 64 0.0. CYLINDER X B” HIGH ( MAY MAKE OUT OF MORE THAN | PIECE)
28 | 4 [SASI6 GR. 70 |SHIELD SHELL 3/4 THK.__ X 58 .5 APPROX. WIDE X 205" LG. PLATE
29 | | |SA 240 304  |STORAGE MARKING NAME PLATE|l4 GAGE (0 0751 THK. J X 4 WIDE X 10 LG, SHEET
014 gss DRSS LID PLUGS I 1/2"-6UNC X 2 1/2* OP BOLT
NOTE :

L) THE CONCRETE MATERTAL IS TO MEET THE REGUIREMENTS SPECIFIED IN APPENDIX | 0 OF THE HI-STORM 100 TSAR
OOCKET NUMBER 72-1014 (LATEST REVISION). D I=STORM 100 TS

2) ALL DIMENSIONS IDENTIFIED ON_BM-1575 ARE APPROXIMATE DIMENSIONS EXCEPT THICKNESSES OF STEEL PLATES WHICH IN THE
RAW MATERIAL FORM MUST HAVE TOLERANCES MEETING THE APPLICABLE SPECIFICATION

3) ITEMS WITH A = CONSIDERED NOT TO BE NF CLASS 3 (NON STRUCTURAL)

e\DRAWINGSN\S014\5014\H] -STORM\BM1575 | .R8
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BM-1575 (E.I.D. 2836) BILL OF MATERIAL FOR HI-STORM ( DWG. 1495, 1561) SHT 2 OF 2

REV. NO. PREP. BY ~ CHECKED By APROJ. JNAGER A. MANAGER
5 S. GEE |-13-2000 A /ﬂw)%k_\ .
INCORPORATED ECT-5014-5 | /2¢ o A 1128 foe

ITEMOTY. [SPECIFICATION NOMENCLATURE i DESCRIPTION

31 bl Btaier DELETED i

32 | 4 |SA 240 304 EXIT VENT SCREEN SHEET 1b GAGE (070595 THK. ) X 6 1/4 WIDE X 28 LG SHEET

33 ] 4 [SA 240 304 EXIT VENT SCREEN FRAME 16 GAGE (0.0535 THK. )

34 ] COMMERCIAL SCREEN 16 WIDE X 212 LG & X 6 MESH 0020 WIRE_@ 0.147 WIOTH OPEN FROM
McMASTER-CARR 101 PAGEH 2521 ITEMA 59220767 CUT AS NECESSARY OR EGUIVALENT

35 | 4 [SA 240 304 INLET VENT SCREEN FRAME 16 GAGE (0 05895 THK.

36 2l (OMMERCIAL THERMOCDUPLE OR RTD {78 @ SHEATH WITH TEMPERATURE ELEMENT (BY LISER).

37 | 16 | SA240-304 GAMMA SHIEID CROSS PLATE [1/4 THK X 2.75 X 24

B | 4 SA24(-304 GAMMA SHIELD CROSS PLATE [1/4 THK X 24 X 24 5/8

39 | 40 | SA240-304 (ROSS PLATE TABS 075 THK X 174 X 2 1/2

40 ] 8 SA240-304 GAMMA SHIELD CROSS PLATE [[/4 THK X [4 5/8 X 24

4] 16 | SA240-304 GAMMA SHIELD CROSS PLATE 174 THK X 3.00 X 24

42 | 2 (7S IR S/8 BAIN PIPF @ X 1/74THC WALL X 1T 172 G

43| 8 SA240-304 GAMMA SHIELD CROSS PLATE [1/4 THK X 509 X 17 174

4 | 2 316 S§ COMPRESSION FITTING /8" X _1/4 NPT MALE PASS THRU COMPRESSION FITTING (OPTIONAL)

451 2 CAST _IRON PROTECTION HEAD /2 NPT X 1/2 NPT (OPTIONAL)

46 | 2 304 SS BUSHING {74 X 172 NPT (OPTIONAL)

47 | 2 304 S8 COUPL ING l72 NPT COUPLING W/ MOUNTING STUD /2 DIA X 3" LG, (OPTIONALD

48 | 2 304 SS HEX NIPPLE 72 X 1/2 NPT HEX NIPPLE (OPTIONAL)

43 | 2 304 SS CONNECTION [/2 NPT CONBUIT CONNECTION (OPTIONAD)

20 | 3 /3 SHUARE TUBING 172" X 1/2" 16 GAUGE

St I CONCRETE DUCT SHIELD INSERT > 374 THK X 24 T1/16 X 26 LG CONCRETE. ACI 318 (146 LB/CU FT MIND 21 X 25 GRID 0F
WWF 4 X 4 -W3 5 X ¥3.5

21 1T [0S EMBEDDED PLATE [0 THK X b SO PLATE

531 2 (A NELSON ST @ 174 X 2 172 LONG




BILL OF WATERIALS HI-STAR 100 SYSTEM FAILED FUEL CANISTER (BY-1819)

REF. DNG. 1783 & 1784 : SHEET 1 OF 1
PREP. BY CRECKED BY PROJ. MANAGER QA. YANAGER
WIS um Ul & WTE, i DATE
i ! A %" A L\ G- %?W
| refe/ D ﬂ-]\ ['m el 97 % t\‘-‘ﬂ'
T84 N0, qry.| WATERLAL DESCRIPTION NOYENCLATURE
I SA430-WP204 | 3/4 X 1/2 CONCENTRIC REDLCER SCH. 160 LEAD IN
2 1 $4479-304 90 1 12 X 13/16 LG. ROLND 34R LEAD IN COLLAR
3| $4478-304 80 36 X 2 LG. ROLND BAR LOCK PIN
4 I $A240- 304 11 GA. X | 122X 258G SHEST ENGGEMENT PLATE
5 2 | $a479-304 0 3/16 X 13/16 LG. ROUND 3AR ENGAGEMENT PIN
6 4 204 SST. 250 X 250 90.00i6 W/.002¢ JPEIING X 22 | wrez wEsk
7 2 | 2SR o | 316 X 12X 15 LG s 214 349 (LONG:
8 2 | GBI ort 308 X 12 X 4 716 LG 2R | e 3ap gicer)
3 2 H4rE304 Cori | 306 X | 14 X 4 7/16 LG BAR SICE ¢ SHORT
10 2 | BB | e x 1 e x 4 1316 3 3k SICE (LONG -
7 2 | HEEIM e 250 X 2 116 6. B LOAD TAB
2 o SA479-304 @ | /2 X 374 |G. ROUNG 34R LOAC TAB HUB
120 $4479-304 o0 | 1/2 X 3 LG ROUND 3:% LOCKING SHAFT
14 ! $A479-304 P 1/8 X 316 LG. ROUND 3:% LOC<ING PIN
5 ! $A478-304 00 3/8 X | 7/8 .G ROUNG 3AR SHEAR PIN
6 | 308 331 Cor) | COMPRESSION SPRING 13416 1.0. X | LG. LOCKING SPRING
171 $4240-304 V16 X 4 1VI6 SO. PLATE CLOSURE FRuME
18 2 | 04 ssT. 1716 X 3/4 COTTER PIN COTTER PIN
19 I $4240-304 3/8 X 4 13/16 SO. PLATE T AaTe
20 I 304 SST. 174 WALL X 4 SB. X 2 18 LG. TUBING FUEL SPACER TUBING
21 ! 304 SST. 250 X 250 @9.0016 W/.0024 OPENING X O WIRE MESH
22 2 | sa240-304 11 GA. X 10 /8 APP. X 38 (s4 LG SHEET CANISTER SLEEVE
23 I $4240-304 11 GA. X 21 3/ APP. X 2 15, SHEET CANISTER COLLAR
24 I $4240-304 11 GA. X 4 15/16 SO. SHE=" CANISTER BOTTOM
25 ! $4240-304 11 GA. X @0 61 PLUG LEAD-IN CAP
% | 1 $4240-304 11 GA. X4 17200 X3 /410 RING SCREZN RING
27 | 4 | sa2a0-304 11 GA. X 1 15/16 0.0. X : 3/16 1.0. RING SCREEN RING
2 | $4312-304 3/4 STO. PIPE SCH. 160 X ! LG. | Leap-1v exrension

NOTE: DIMENSIONS ARE APPROXIMATE




BM-1880 BILL OF MATERIAL FOR 125 TON II-TRAC (D¥G. 1880) SHT. 1 OF 2
REV. NI, PREP. BY ~ CIECKCD By PRITJ. MANAGLR [A. MANAGER
. S. GFF 4-30-09 Hm m v Onple i
INCORPORATED OCR 5014-131 s7/r9 B GuLwa) ory/oe S-a-a9
TTCM[HTY. [SPECIFICATION NOMCNCLATIRL DESCRIPTION
L [T [ ASIM B 29 _ [RADTAL | FAD SHIFLD __ |113 CU. FT. COMMON LEAD APPRUX.
2| L _|SAS5I6° R, 70IU0IR SLLL X OF 25 0.0, X [B4.75 LG, CYLINDER
J3 T TISASI6 GR.70[INNER SHELL “|0°75_THK. X 68.75 1.0, X 184.75 LG, CYLINDER
4 T27SA 516 GR. 70 [RADIAL CHANNLL ~ 0.5 TiK. X 20 (APPROX) X 168.75 LG,
AN 1T _|'SA516 GR. 70 [RADTAL CHANNEI 0.5 THK._X_20 (APPROX) X 164.625 LG,
4B 1 1 ISASIEGR. 70 [RADIAL CHANNEL 7 0.5 THK. X 20 CAPPRIX) X 152 625 G
O | 10 1SASI6 GR. 70 |ENCLOSLRE SHCLL PANEL ~ _|0.5 THK. X 11.72 WIDE X I168.75 LG, 3
DA | 4 | SA 516 OR. 70 [ENCLUSURE SHELL PANELS ~ 0.5 THK. X 11°72 WIDE X 164 625 LG,
6] @ |SASIB R 70 WATER JALKED END PLATE | UK X B2 1.0 X 81,25 T.0. RING
|7 L0 | SA 350 LE3 TR AN 1.5 1HC. X 81,95 0.0, X 68.75 L.0. RING
8 [T TSA 516 GR. 70 [LOWER WATER JACKFT SHITT [0.5 THK. X 86,25 0.0, X 6 LG, CVLINDCR
9 | I |'SASI6 GR. 70 [BOTTUM I LANGL 2K, X9 0.0 X 6875 1.0,
1 | DR 3A 350 LF3 R -
10| "1 | SA 350 LF3|POOC L0 GUTER RING 5.5 THK. X 4370.0. X 75 1.0, RING
1L [T | SA516 0GR, 70 |PO0L_LID T0P PLATE TP TTK. X 75 @ PLATE -
12 | 1 | ASTMB 29 |POUC LIO LEAD SHIELD.  [6.39 CU. FI. COMMON LEAD APPRUX
L3 | 1" [SASI6 GR. 70700 LID DIILR RING 0.5 THK. X 75.875 0.0. X 3.75 LG, CYLINOER
4 [T [ SASIE GR._70(TOP LID INNER RING _J0.5 TFK. X 28 0.0, X 375 LG CYLINDER
151 1 "I'SA™SI6 GR. 70 |T0P_LID T0P PLAIC 0.5 THK. X 74.675 0.0. X 29 1.0, RING
A\ T6T T SA 516 GR. 70 [10P_LID BOTION PLATE [0 K. X BT 25 0.0 X 27 1.0 RING
VA N YT T0P LI0 SHIELOING 5 41 CU. TT. APDRIX,
18- |8 [SASI6 GR._70FILL PORT CAPS 0.25 THK. X 2.375 @ PLATE
19718 [ SA 193 87 [T0P LID STI0 0.5-13 UNC X 2.75 LG, STIDS
20 [ T8 SA 193 a1 10 110 NiiT 0.5 13 ONC [IAVY IEX -
20 L 1 |TELASTOMER ~T[POUL i 1i) GASKE | 0.5 IHK. X 67.25 U.0. X 86.25 1.0, COMMERCIAL
22 736 [ SA 193 37 1pO0C (10 UL | B UNCX 2.5 16, IX. BOLIS
NITE: 1) ALL SA-350-1F3 MAIERTAL MAY BE REPLALED BY SA-203-F.

2) ALL DDIMENSTONS ARE FIIR RETERENCE [INLY.

e’
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BM-1880 BILL OF MATERIAL FOR 125 TON HI-TRAC (DWG. 1880) SHT. 2 OF 2
RCV. NU. PREP. BY CUECKFN. BY PRI, MANAGER GA. MANAGER
c S. GEE 4-30-99 j«%& V. Daple w0
3 TNCTIRPTIRATEN NCR 5014-131 T fes /;:(fw‘,h,, s/4/99 5-4-q9

TTEMIQTY. I SPECTIICATION | NMMENCLATURE DESCRIPTION ]

23 DELETED

24 | 271 SA 350 LF3_[LIFTING TRUNNIIN BLICK ™ [7. 8 TAPPRIO X 8% 100 o
25 | 2 | SA 516 GR. 70 JLLITING TRUNNILN LOCKING PAD_ [0.25 1K X 4.5 X 9.25 LG, PLATE

26 | 2 ISB 637 NO7718 [LIFTING TRUNNIIN ____ 16.25 @ X 7.75 LG. BAR

27 |2 [ SA 516 GR.70{L1I TING TRUNNIUN INO CAP 0.5 THK. X 6. 7% @ PLATL

28 | 4 [ SA 19387 |END CAP BOI TS 0.5 - TIUNC X T.51G. WITH [.25 [ . THREAD _

29 [ 2 | SA IS0 LFI  [PUCKET TRUNNION 12,379 X 13 X 12.5 BLULK
30 [T [ SA 106 DRAIN PIPE JUSHC. B0 X 7 (APPROX.) LG. PIPE _
3| - DELETED
_32 | U | SA_193 B7 __ |ORAIN BOLT __ U -BINC X 1.75 LG, SOCKET CAP BOLT

33 ] 4 |SASI6 GR. 70]TUP LID 1UNGLE 0.5 THK. X 0.5 WIDE X 10 (APPROX. ) LG. BAR
23 1 2 [SASI6 GR. 70 [WATER JACKET LND PLATC | THK. X 6.6875 WIDE X 30 (APPROX) LG. PLATE

35 1 4 | SA 19387  |LIFTING TRUNNIUN PAD BULT J0.25 = 20 UNC X 1.25 G, BOLT

36 | 1 [SAS5I6 GR. 70|POOL_LID BOTIOM PLAIL | THK. X 75 @ PLAIE _

37 1 1 TCUMMERCIAL _ [VENT CUUPLING [ 1/2-3000 Tb. SCREWED HALF COUPLING

38 | T | COMMERCIAL __ |VENT PLUG |1 17273000 Tb. SCREWED HEXAGON HEAD PLUG

39 | T [LUMMERCIAL  |PRESSLRE RELIEF CUUPLING  |1-3000 I1b. SCREWED HALF COUPLING

40 | 1 | COMMERCIAL  |PRESSLRE RELIEF VALVE |MEDTLM PRESSLIRE BRONZE POP VALVE

Al 17T |SA106 JACKET DRAIN PIPT | 172 SCH. 40 X 5 LG, PIPE

42 | | | COMMERCIAL  [JACKET DRAIN VAIVF I 172 NONRTSTNG STEM BRONZE GATE VALVE

431 4 1(/STRS/S JHOLE PLUGS IN/A B - o
4414 |SAOI6 R 70(T0P LID LIFTING AIACK  [1.5S00 X 372516 BLOCk ————————— ==
A5 (UMMERCTAL THLRMAL EXPANSTON 1OMM 107125 ik

46 | 4 ISASI6 GR 70 |GUSSET 0.75 THK X 1.0 WIDC X 3.75 LG PLATE
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BM-1928 BILL OF MATERIAL FOR 125 TON III-TRAC TRANSFER LID (DWC. 1928)
REV. N, PREP_ BY IR PRIT.J, MANAGER A, MANAGER
. 9. m }Z . Jﬂ% .0
L O 014 1 Z 5 7L & [ b -
- /i /o09 B, GiLioa S/YS - &
TTEM[GTY. [SPECTFICATION NOMENCTATURE DESCRIPTION
[ ] T [SASI6 (R. 70|10 ILP PLAIL = [-5 TTK. X 3 WIOL X 120 LG. PLATE
2 1 |SASIG GR._70]UID BOTTIM PLATE |2 TTK. X 93 WIOC X 178 LG. PLATE -
3| 2 |SASIEGR. 70LI0 INIERMIDIAIL PLAIL |15 11K, X 0 375 WIOC X 132 LG. PLATE
4 |72 TSASI6 GR. 70 |LEAD COVER PLATE . TR X 8375 WIOE X 78 LG, PLATE —
| 5 | B [SASIE GR. 70]LEAD COVER SIOL PLAIL LI X 4.0 WIDE X 1375 L. PLATE
6 [ T [ASTMB 29 [STOF 1 FAD SHIFD 265 CAPPRUX ) LU T o
42 | SA36 WILLL RACK 0125 THK. X 0.7% X 0.7 X 128 LG, ANGLE
8|72 7| SASIE GR, 70|0N0R T0P DI ATF 7174 THK__X A7 WIDE X 05 LG. PLATE (CUT AS NECESSARY)
9 |2 | ASIMB 28 [DUOR LLAU SHILLD 2 CAPRRIX ) T T o .
10 | 2" | SA 516 GR. 70 [NOOR MINDIT P AIF 172 THK~ X 47 WIUE X 65 (G, PLATE (CUT AS NECESSARY) ™
1|2 JhudiE DUOR SHILLNING 3D CAPPRUX ) (11 T
12°[ 727" [SA 516 _GR._70 |DOOR BUTTOM PLATE 3/ KX AT WIOE X 05 TG, PLATE (CUT_AS NECESSARY)
304 s 150 LF3, sa 203 [DULR WHEEL 1S TNG S5 TIK. X 8 WIDF X 25 LG, PLATE (CUT 3.75 X 6 )
IR §A 5I6-70
14 |2 | SA'SI6 GR. 70 |DOUR INTERFACL [LATE L K. X 3 7/8 WIDL X 80 LG. PLATE
A9 1 2 1SASI6 GR. 70 [DOOR SIDE PLAIC | THK._X 8 WIDE X 65 LG, PLATE B
I5A[ "4 "|'SATS16 GR.-70 JOOOR_SIOE PLAIL | T X & WIDE X 65 L0, PLATE
16 |4 _ISA 516 GR._ 70 |DO0R SIDE PLATE T THK. X 8 WIDE X 32.625 APPROX. LG. PLATE
AR DODRHANDLE 0.5 ¢ X 17.5 LG. BAR
18| 17| COMMERCIAL  [DIOR WHEFL 6 X 3,V IRUE WIFFL PRI MCNASTER-CARR. 101 PAGEA 481 TTEMH 2310110
19 [ 12 [SA 36 WHEEL_SHAFT 1250 X605 (C BR -
20| 712 | SA 516 GR. 70 [SHAFT (OVER P ATL 0.25 THK- X 2.5 @ PLATE
2l |2 |'SAS16 CR. 70L1D HOUSING STIFFENER |l THK. X x 3 5 WIOE X 8375 1G. PLATE -
227174 |SAT193° 87 |UODR LOCK i 2 7/ < 4 UNCX10.875" LG. HEX. BOLTS W/ 1.5 LG. THREADED
23_|_4_ | SASIB (R. 70 |UUR SIUP BLUK 12 THK. X 2 WIOE X B LG, BLOCK T
A | 8 [SA_193B7 ~ |DO0R_STOP BIOCK AN T ~ I B UNC X 3 1G. DOLT W/ 2,5 G, THREADEI AT IND
25 |2 | SATS16 GR. 70 JOUUR END PLAIE 1 K. X 8 WIDE X 19 LG, PLATE _
0 [TAT T SATSIG GR. JOTLIFTING LiG 0.775 TTK. X 3 WIOL X 3.5 LG. PLATE
2174 [SA 516 R 70 [LIFTING LLG PAT 0.5 1K, X 5 0. PLATE
NUTE

PY AL DIMENSIUNS ARE

APPRIXIMALE .
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BM-2145 BILL OF MATERIAL FOR 100 TON HI-TRAC (DWG. 2145) SHT. 1 OF 2

RLV. NI PRFP. BY HECKED,BY , PRI, MANAGFR OA. MANAGER
. S. GEE 4-30-94 Mﬁ:@ v .Ola .6

INCTIRPIRATED DCR 5014131 /99 B, Guitan 5/4/9‘} 5-o-a9

ITEM{ATY. [SPICIFICATION NCIMENC | AT}IRF ’ OESCRIPTION

I ASTM B 29 RADIAL LEAD SHIGLD ~[71.15 CU. FT. COMMON LEAD APPROX. .

_2 I ] SA 516 GR. 70 JOUTER SHCLL L THK. X 78 0.0, X 18475 |G, CYLINDER . .

3 [ [ SA 516 GR. 70 [INNER SHELL 0.75 THK. X 6875 1.0, X 184,75 LG, CYLINDER

A | 13 [SASI6 GR. 70 [RADIAL CIANNCL 1375 THK. X 18.8_(APPRIX) X 168.75 LG.

A 4N | 2 TSA 516 GR. 70 [RADIAL CHANNEL 0.375 THK. X 18.8 CAPPRUX) X 164.625 LG.

Al @] — - DELETLD - , _
2 |11 | SA 516 GR. 70 JENCLUSURE SHELL PANLLS 0.375 1HK. X 9.7120 Wik X 168.79 LG. e
COA 1A 1 SA 516 GR. 70 [ENCLUSURL SHLLL PANILS 0.37% THK. X 97170 WIDE X 164.625 1G. T

Al 6 2 | SASIE GR. 70 |WAIER JALKET ENU PLAIL L IHK. X 41 U.0. X 78 1.1. RING (MAY BE MAUE FRUM MURE THAN 1 PIECE)
7 I ] SA 350 LT3 {T0P FLANGE A0 THK. X 78,00 11.D. X 68.79 1.0, RING_

al g I 1 5A 516 GR. 70 |LOWER WAIER JACKET SHELL |1.25 IHK. X 83.00 U.0. X6 LG, CYLINDER

9 I [SA 350 LF3, UR[BOTTOM FLANGF 21K, X GO 11.0). X 08.75 1.0,
SA 516 GR. 70

Ap 101 T 7 SA3G0 LF3 — |POOC_TID OUTTR RING A OTIKX B U X 75 T.0 RING

aAl_ll | 1 |SA203-E PULL LID T0P PLALE |2 THK. X775 ¢ PLAIE e

Al 12 ] 1 | ASIMB 29 POOL LID LEAD SHICLD |3.84 CU T'T_APPROX. COMMON LEAD B

Al 13 | --[--- DELETED , ]

Al 14 B DELETFD - e o

al 151 - ]-- DELETED -

Al 16 [ 1 |SASI6 GR. 70 [10P LID BOTTOM PLATE. [0 THK. X 78,00 0.0. X 27 1.0. RING

Al 1711 SA 516 GR 70 [POOL LID BUTIUM PLAIE 5 THK X 75 B PLATE

18 | 8 [SAGI6 GR. 70[FILL PORT (APS 0.25 TIK. X 2.375 @ PLATC

19 ] 12 ] SA 193 B7 [UP_LIO STUD 0.5-13 UNC X 2.75 LG. ST1UDS

20 ] 12 ] SA 193 2H TUP _LID NUT 0.5 13 UNC HEAVY TIEX

2 [ 1 ELASTOMER POOL LID GASKEI 0.25 THK. X 83.625 U0.0. X 872.625 1.D. COMMERCIAL
22 | 36 1 SA 19387 [POOL LID BOLT | - G UNC X 2.5 LG. ICX. BOLTS

al 23| --|--- NELFTFD

[ 24 | 2 | 'SA 350 LF3 LIFTING W)UNN‘M’J’N BLUCK v’"é”(”(/_xPPléDX’S 'x"g"x"loz_‘ - -
o 12 1sa 516 6r. 70 aFIJIMEINu TRENNTIIN THCKING 075 THK X 4.5 X 9.75 10 PTAIE
NITES: 1. ALL SA-350-LF3 MATERIAL MAY BE REPLACED BY SA-203-F.
2. ALL DIMENSIUNS ARE FUR REFERENCE TINLY.
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BM-2145 BILL OF MATERIAL FOR 100° TON HI-TRAC (D¥G. 2145) SHT. 2 OF 2

REV. NU. PREP. BY _ UILCKLD BY PRO.J. MANAGER OA. MANAGCR
S. GEE 4-30-99 {32.%¢kfiéif;~__~ v. & v.6
3 INCTIRPIORATED DIR 5014-131 T4/?9 B.Guueas  5/Hag 5-a -9

ITEM|QTY. {SPECIFICATION NOMENCLATIIRF DESCRIPTION

26 | 2 SU 637 NO7718 [LICTING TRUNNIUN G.25 @ X 7.75 LL. UAR

27.1.2 216_GR. 70 [LIFTING_TRUNNION FND (AP 0.5 THK. X 6.75 @ PLATE -

8| 4 us SA 193 87  |END CAP BOLIS 0.5 I3 UNC X T.5LG. WITH 1.25 LG. THRCAD

29 1 2 [ SA 300 LF3__|REMOVABLE PUCKCT TRINNTTIN 39375 X 13 X 12.375 BLOCK o .
_ 30 [ 6 [SA564-630 (HLIOOYDOWEL PINS | 3/8" B BAR

EJ SA 106, |DRAIN PINT I ST B0 X 6 |u APPROX  (COT_T0_SHIT)Y -

32 | 1 SA 143 B7  [URAIN BULI | - BUNC X 1.7% LG, SUCKE! CAP BOLT

331 4 _1SASI6 GR. 70 (TOP LID TONGIE . J0.5 THK. X 0.5 WIDC X 10 CAPPROX. ) LG. BAR_

34 | 2 1SASI6 GR. 70 [WATER JACKE! ENU PLATE . |1 TIK. X 6.375 WIDE X 30 (APPROX) LG. PLATE

gg_ .4 | _SA 193 B7 LIETING TRUNNION PAD BOLT 0.25 20 ONC X 1.25 LG. BOLT N o

37 | | | COMMCRCIAL VENT COUPLING |1 172-3000 1b. SCREWED HALF COOPLING

38 | | |[COMMERCIAL  |VENT PLUG | 1/2-3000 Ib. SCREWED HEXAGON HEAD PLUG

39 | | [COMMERCIAL  |PRESSURE RELICI CUUPCING [1-3000 Th. SCRFWED HALF CHOPLING

_ MEDIUM PR E BRONZE POP VALVE

40 | || CUMMERCIAL PRESSLIRE RELILT VALVL ESSURE BRUNZE PO

41 | I [SA 106 JACKET DRAIN PIPC {72 SH 40X 516G, PIPE

42 | 1 | CUMMERCIAL  [JACKET ORAIN VALVL | 172 NONRISING STEM BRUNZE GATE VALVE
A3 | AT DSTIRS/S . JHOLE PLLUGS T T NA o |

ZhB - DELETED B

45 | - --- DELETED N e a

46 | 2 | SA 516 GR. 70 {SUPPORT GUSSETS 55X 1T X2 LG

A7 12 |SA 350 LF3 [POCKET TRINNTIN BAST 8.03 X 13X 12.375

48| 4 S?a??bg%o POCKET TRINNTIN BOLTS -8 IINC X 6.25 WITH 2.3125" MIN LG THREAD

491 4 | SA 516 GR 70 |GUSSET ] 9 THK X 1.0 WIDE X 3.75 LG PLATE

= = L




-~
¥

—

)

BM-2152 BILL OF MATERIAL FOR 100 TON II-TRAC TRANSFER LID (DWG. 2152)

B> P> B PP

B>

) ALL DIMENSIUNS ARE APPRUXIMATL .

REV. NO. PREP. BY (HECKED BY PRIJ. MANAGER BA. MANAGER
S. GFE, 4-30-99 7 7 ». O .06
®  IINCORPORATED DCR 5014 131 g‘ﬁ{\‘ 7 | Bl s|vl4q s - & -9

TTEM]OTY. JSPECIFICATION | NOMENCLATURE T —EsRIPIION.
1 | 1 SASI6 R 70 LIDI0P PLAIE |.5 THK. X B9 WilE X 178°LG. PLATE

2 | T _TSASI6 GR, 70 [LID BOTIOM PLAIE | 172 THK. X 69 WIDE X 128 LG, PLAIE

3 | 2 [SASIGGR. 70[LID INTERMEDTATE PLATE |15 THK. X 8.375 WIDE X 139 LG, PLATE

2 _|SA516 GR. 70 |LEAD CUVER PLATE | THK. X 8.375 WIDE X 78 LG. PLAIE

b | 8 _[SASI6 GR. 70 [LEAD (LVER SIDF PIATE |1 HK. X 2.5 WIDE X 0,375 LG. PLAIE

6 | I _[ASTM B 29 SIDE LEAD SHIELD |- 136 APPRUX. (L. FT.

T | 2 [SAJG —|WHLEL 1RACK 0.125 11K, X 0.75 X o.vﬁ_x_lga_LL__ANgLr__,_ -
_8_ | 2 |SATS16 GR. 70 [DOOR TUP_PLATE 2.25 THK. X 44.5 WIDE X 65 LG. PLATE (CUT AS NECESSARY)

9 172 ASIM B 29 [DO0R TLAD SHiti o 2.04” APPRUX CU. TT. }

10 DELETED - - ] - - -

L | - [DELETED - -
1217 ['SA 516 GR. 70]0U0R BUl um PLATE " lI/2 THK. X 44.5 WIDE X 65 LG. PLATE (CUT AS NECESSARY)

1374 IsA 516 GR 70, |DOOR WHEFL 1IDLSING 7.5 THK. X B WIDE X 25 LG. PLATE (COT 3.75 X G )

R SA 350 LF3,
OR SA 203 E

14 | 2 [SA 516 GR. 70|DO0R INTERFACE PLATE | THK. X 377/B WIDE_ X 80 LG, PLAIE

th | 2| SASI6 GR. 70]DUOR SIOL PLATC [T THK. X B WIDE X 65 LG. PLATE B

15A] 4 | SA'516 GR. 70 |DODR SIDE PLATE | THK X 2 WIDE X 65 LG. PLATE

16 |4 1SA 516 GR. 70 [DOOR SI10C PLATE JLTHK. X 4.25 WIDE X 29 APPROX. LG. PLATE .

1712 1Cs DOOR _HANDLE 0.5 @ X 17.5 LG. BAR

18| 12 [COMMERCIAL  |DAOR WHEEI 6 X 3 V-GROOVE WHETT TROM McMASTER-CARR 10T PAGER 481

1Tew¥ 2310719 (R EDUTVALENT

19 | 1273”6 WHEEL  SHAF | 25 @ X 6.875 10, OAR
20 ] 12 [SASI6 GR. 70 [SHAFT (OVER PLATE. _ |0.25 THK. X 2.5 @ PLAIE e

2L | 2 _[SASI6 GR._70(LI0 HOUSING STIFFENER — Ji TIK. X 1.5 WIDE X B.375 LG, PLATE B

22 [ 4 [SA 193 87 OOOR LOCK BOLT 2778 - 4 UNC X"10.875 L0, HEX. BOLTS W/ 1.5 LG, THREACED.
2314 [SA 516 (R. 70|000R STOP BLOCK |7 THK. X 2 WIDF X B (6. BLOCK

24 | 0 [SA 193 @7 DOOR_STUP BLOCK BOL T |__OONC X 3 LG. DOLT W/ 2.5 LG, TIRCADED AT END

25 | 2_|SA 516 GR. 70 |DOOR FNO PLAIE. U THK. X 6 WIDE X 24 [G. PLAIE o
26 A JSASIE GRIOLICTING LUG " J0.79 THK. X 3 WIDE X 3.5 LG, PLATE

27 | 4 [SAS16 GR. 701LIFTING LUG PAJ 0.5 THK. X 5 SO. PLATE

NOTFS:




1.6 REFERENCES

[1.0.1] 10CFR Part 72, "Licensing Requirements for the Storage of Spent Fuel in an
Independent Spent Fuel Storage Installation”, Title 10 of the Code of Federal
Regulations, 1998 Edition, Office of the Federal Register, Washington, D.C.

[1.0.2] Regulatory Guide 3.61 (Task CE306-4) "Standard Format for a Topical Safety
Analysis Report for a Spent Fuel Storage Cask", USNRC, February 1989.

[1.0.3] NUREG-1536, "Standard Review Plan for Dry Cask Storage Systems", U.S. Nuclear
Regulatory Commission, January 1997.

[1.0.4] American Concrete Institute, “Code Requirements for Nuclear Safety Related
Concrete Structures"”, ACI 349-85, ACI, Detroit, Michigan

[1.0.5] American Concrete Institute, “Building Code Requirements for Structural Concrete”,
ACI 318-95, ACI, Detroit, Michigan.

[1.1.1] ASME Boiler & Pressure Vessel Code, Section III, Subsection NB, American
Society of Mechanical Engineers, 1995 with Addenda through 1997.

[1.1.2] USNRC Docket No. 72-1008, Topical Safety Analysis Report for the (Holtec
International Storage, Transport, and Repository) HI-STAR System, Rev. 9, 1998.

[1.1.3] USNRC Docket No. 71-9261, Safety Analysis Report for Packaging for the (Holtec
International Storage, Transport, and Repository) HI-STAR System, Rev. 7, 1998.

[1.1.4] 10CFR Part 50, "Domestic Licensing of Production and Utilization Facilities", Title
10 of the Code of Federal Regulations, 1998 Edition, Office of the Federal Register,
Washington, D.C.

[1.1.5] Deleted.

[1.2.1] U.S. NRC Information Notice 96-34, "Hydrogen Gas Ignition During Closure
Welding of a VSC-24 Multi-Assembly Sealed Basket".

[1.2.2] Directory of Nuclear Reactors, Vol. II, Research, Test & Experimental Reactors,
International Atomic Energy Agency, Vienna, 1959.

[1.2.3] V.. McKinney and T. Rockwell III, "Boral: A New Thermal-Neutron Shield",
USAEC Report AECD-3625, August 29, 1949,

HI-STORM FSAR Rev. 0
REPORT HI-2002444
1.6-1



[1.2.4] Reactor Shielding Design Manual, USAEC Report TID-7004, March 1956.

[1.2.5] "Safety Analysis Report for the NAC Storable Transport Cask”, Revision 8,
September 1994, Nuclear Assurance Corporation (USNRC Docket No. 71-9235).

[1.2.6] American Concrete Institute, “Building Code Requirements for Structural Concrete",
ACI 318-95, ACI, Detroit, Michigan.

[1.2.7] Materials Handbook, 13" Edition, Brady, G.S. and H.R. Clauser, McGraw-Hill,
1991, Page 310.

[1.2.8] Deleted.

[1.2.9] ANSI N14.6-1978, "American National Standard for Special Lifting Devices for
Shipping Containers Weighing 10,000 Pounds (4500 kg) or More for Nuclear
Materials," American National Standards Institute, February, 1978.

[1.2.10] NUREG-1536, "Standard Review Plan for Dry Cask Storage Systems",
January 1997.

HI-STORM FSAR Rev. 0
REPORT HI-2002444
1.6-2



APPENDIX 1.A: ALLOY X DESCRIPTION

1.A ALLOY X DESCRIPTION
1.A.1 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.

1.A.3 Alloy X Ieast Favorable Material Properties

The following material properties vary between the Alloy X constituents:

. Design Stress Intensity (S,,)
. Tensile (Ultimate) Strength (S,)
. Yield Strength (S,)

HI-STORM FSAR Rev. 0
REPORT HI-2002444
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. Coefficient of Thermal Expansion ()
. Coefficient of Thermal Conductivity (k)

Each of these material properties are provided in the ASME Code Section 11 [1.A.1]. Tables 1.A.1
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 1.2.3. Most of the
above-mentioned properties become increasingly favorable as the temperature drops.
Conservatively, the values at the lowest design temperature for the HI-STAR 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 desi gn 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.1-1.A.5
provide a graphical representation of the varying material properties with temperature for the Alloy
X materials.

1.A4 References
[1.A.1] ASME Boiler & Pressure Vessel Code Section 11, 1995 ed. with
Addenda through 1997.
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Table 1.A.1

ALLOY X AND CONSTITUENT DESIGN STRESS INTENSITY (S,)) vs. TEMPERATURE

Alloy X
(minimum of
constituent

Temp. (°F) Type 304 Type 304LN | Type 316 Type 316LN | 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 [1.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 (S,) vs. TEMPERATURE

Alloy X
(minimum of
constituent
Temp. (°F) Type 304 Type 304LN | Type 316 Type 316LN | values)
-40 75.0 75.0 75.0 75.0 75.0
100 75.0 75.0 75.0 75.0 75.0
200 71.0 71.0 75.0 75.0 71.0
300 66.0 66.0 73.4 70.9 66.0
400 64.4 64.4 71.8 67.1 64.4
500 63.5 63.5 71.8 64.6 63.5
600 63.5 63.5 71.8 63.1 63.1
650 63.5 63.5 71.8 62.8 62.8
700 63.5 63.5 71.8 62.5 62.5
750 63.1 63.1 71.4 62.2 62.2
800 62.7 62.7 70.9 61.7 61.7
Notes:
1. Source: Table U on pages 437, 439, 441, and 443 of [1.A1].
2. Units of tensile strength are ksi.
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REPORT HI-2002444

Appendix 1.A-4



Table 1.A.3

ALLOY X AND CONSTITUENT YIELD STRESSES (S,) vs. TEMPERATURE

Alloy X
(minimum of
constituent

Temp. (°F) Type 304 Type 304LN | Type 316 Type 316LN | 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 22.5 225 233 229 22.5

400 20.7 20.7 214 21.0 20.7

500 194 19.4 199 19.4 19.4

600 18.2 18.2 18.8 18.3 18.2

650 17.9 179 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:

1. Source: Table Y-1 on pages 518, 519, 522, 523, 530, 531, 534, and 535 of [1.A1].

2. Units of yield stress are ksi.
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Notes:

1.

2.

ALLOY X AND CONSTITUENT COEFFICIENT OF THERMAL EXPANSION

Table 1.A.4

vs. TEMPERATURE

Type 304 Type 316 Alloy X Alloy X
Temp. (°F) | and and 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

Source: Table TE-1 on pages 590 and 591 of [1.A.1].

Units of coefficient of thermal expansion are in./in.-°F x 10,
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Table 1.A.5

ALLOY X AND CONSTITUENT THERMAL CONDUCTIVITY vs. TEMPERATURE

Notes:

Alloy X
Temp. (°F) | Type 304 Type 316 (minimum of
and and constituent
Type 304LN | Type 316LN | 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

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

76
- < "
74 T ) \.\\\
N
\ ~ ~
VQJ 72 + . ‘\. N
\ \\ ~~~~~
= 70 \
% \ . — - - — Type 304
\ N B CRPPET Type 304LN
£ 68 \\ \ - == Type 316
[84] N
S . —-—- Type 316LN

5 66 1 N \'\
z S, N
= Seel

64 1 \\u_:_\,_-_-__._--_ ————

62+ T e -

60 + 4 f + : : : : :

40 100 200 300 400 500 600 650 700 750 800
TEMPERATURE (Deg. F)
SOURCE: TABLE 1.A.2 FIGURE 1.A.2; TENSILE STRENGTH VS. TEMPERATURE
REV. 0

HI-STORM FSAR
RE—T HI-2002444



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 ™ MATERIAL DATA
(Total of 20 Pages Including This Page)

The information provided in this appendix describes the neutron absorber material, Holtite-A (also
known commercially as NS-4-FR) for the purpose of confirming its suitability for use as a neutron
shield material in spent fuel storage casks.

NS-4-FR contains aluminum hydroxide (Al(OH),) 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, hence the "FR" designation in NS-4-FR. NS-4-FR is a generic name
for the material which was originally developed by Bisco Inc. and used for many years as a shield
material with B,C or Pb added. NS-4-FR contains approximately 62% ATH supported in a typical
2-part epoxy resin as a binder. Holtite-A, the Holtec International version of NS-4-FR, contains 1%
by weight B,C, 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 B,C 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 NS-4-FR mixture. B,Cis added
(1% in Holtite-A) as a finely divided powder and does not settle out during the resin curing process.
Once the resin is cured (polymerized), the ATH and B,C are physically retained in the hardened
resin. Analysis for B,C throughout a column of Holtite-A has confirmed (Holtec International
qualification tests) that the B,C is uniformly distributed with no evidence of settling or non-
uniformity. Furthermore, an excess of B,C is specified in Holtite-A as a precaution to assure that
the B,C concentration is always adequate throughout the mixture.

NS-4-FR material has been extensively tested for thermal stability, as indicated in the following
documents (copies of these documents are attached).

. Letter dated 4/20/87 from Mr. Larry Dietrick, Bisco Products to Mr. Tod Lesser, NAC
International, "Weight loss of NS-4-FR under extreme temperature conditions”

. "Experimental Studies On Long-Term Thermal Degradation of Enclosed Neutron Shielding
Resin", Asano, Ryoji and Nagao Niomura
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. "Thermal Testing of Solid Neutron Shielding Materials", Boonstra, Richard H.

The specific gravity specified in Table 1.B.1 does not include an allowance for weight loss. The
specific gravity specified in Chapter 1 includes a 4% reduction to conservatively account for
potential weight loss at the design temperature of 300°F. However, the BISCO letter dated 4/20/87
provides information stating that samples had been exposed to a continuous temperature of 338°F
for 146 days and a maximum of 3.15% weight loss had been experienced. Thus, there is a substantial
level of conservatism in the Holtec allowance for weight loss.

Tests on the stability of Holtite-A were also performed by Holtec International. Results of these
independent tests at 325°F on 15 samples gave an average weight loss in 97 days of 2.41% and a
maximum weight loss of 2.72%. The observations are consistent with published tests on NS-4-FR.

The paper entitled "Experimental Studies on Long-Term Thermal Degradation of Enclosed Neutron
Shielding Resin " provides information which corroborates the information provided in the BISCO
letter dated 4/20/87. The paper suggests that enclosures of the NS-4-FR material can further decrease
the percent weight reduction at elevated temperatures. The NS-4-FR is encapsulated in the HI-STAR
100 overpack and therefore should experience a very small weight reduction during the design life
of the HI-STAR 100 System. It should be noted that the shielding analysis conservatively assumes
4% loss in density.

The paper entitled "Thermal Testing of Solid Neutron Shielding Materials" provides information
regarding NS-4-FR material stability during a fire accident. Results of the study suggests that NS-4-
FR could withstand a fire accident with minimal damage. This data is provided for information only,
as the post-accident shielding analysis very conservatively assumes complete degradation of the
neutron shield and replaces the neutron shield with a void.

The data and test results presented here confirm that

1. Holtite-A with 1% B,C has the same thermal stability and characteristics as the
previously approved NS-4-FR material,

2. The hydrogen density meets or exceeds minimum NS-4-FR specifications (measured
at 0.105 gH,/cc compared to the NS-4-FR specification of 0.096 gH,/cc), and

3. The B,C is 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 in the manner of NS-4-FR, which was licensed previously in Docket No. 71-
9235 (NAC-STC).
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Table 1.B.1

PROPERTIES OF HOLTITE-A NEUTRON SHIELD

PHYSICAL PROPERTIES (Reference: NAC International Brochure)

% ATH 62 maximum (confirmed by Holtec in
independent analyses)
Specific Gravity 1.68 g/cc maximum

Thermal Conductivity

0.373 Btu/hr/ft-°F

Max. Continuous Operating Temperature

300°F

Specific Heat!

0.39 Btu/hr/ft-°F

Hydrogen Density 0.096 g/cc minimum (confirmed by
Holtec in independent analyses)

Radiation Resistance Excellent

Ultimate Tensile Strength 4,250 psi

Tensile elongation 0.65%

Ultimate Compression Strength 10,500 psi

Compression Yield Strength 8,780 psi

Compression Modulus 561,000 psi

CHEMICAL PROPERTIES (Nominal)

wt% Aluminum

21.5 (confirmed by Holtec)

wt% Hydrogen

6.0 (confirmed by Holtec)

wt% Carbon 27.7
wt% Oxygen 42.8
wt% Nitrogen 2.0

wt% B,C

up to 6.5 (Holtite-A uses 1% B,C)

H BISCO Products Data from Docket M-55, NAC-STC TSAR.
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erimental Studies on Long—term Thermal Degradation of
B closed Neutron Shielding Resin

. 2
gyodi ASANO!, Nagao NIOMURA

igitachi Zosen Corporation, Japan C

2pcean Cask Lease Co.,Ltd, Japan

INTRODUCTION

Resins which have high Hydrogen atom content are effective
for Neutron shielding and are recently used for neutron
shielding material of spent fuel shipping casks. As the
resins themselves are easily burned at relatively low temper-
ature, which could be the problem during the fire test condi-
tion, mixture of resin and fire retardant which main compo-
nent is a hydroxide compound is usually used as shielding
material. The fire retardant prevents resin from burning by
decomposing of the hydroxide compound under fire test condi-
tion.

When these resins are used for neutron shielding material of
cask, their temperature rises during the transportation by
decay heat of spent fuel. Therefore, thermal degradation of
resin (hereafter called as "heat weight loss"”) at the operat-
ing temperature should be paid attention.

Furthermore, when the resin is used for neutron shielding
material, there are two cases. One is to put it on the out-
side surface of the cask and the other is to enclose it
between two layers. In former case, the heat weight loss
occurs in air of which study report can be obtained. On the
other hand, the latter is the reaction in the enclosed envi-
ronment which study report can be seldom obtained. Therefore,

TEST MATERIAL

Test material is NS—4-FR supplied by BISCO CO. LTD, U.S.A.
Raw materials are epoxi resin, hardener and fire retardant.
They are mixed together and hardened according to the manu-

LB—4



facturing manual supplied by BISCO. NS—-4-FR is the
neutron shielding material which contains about 60% of alu-
minium hydroxide as fire retardant.

TEST

Tests were carried out in order of basic material test, open
test, enclosed test and long term cyclic test which simulates

the operation term of cask. The test results are explained -as
follows.

Basic material test

TG tests which can be performed comparatively easily were
carried out in order to study basic thermal characteristics
of the test material. The test conditions are as follows.

Condition _Case 1 _Case 2
Atm;spheric gas Air&Nz Air&Nz
Gas Flow Rate(cc/min) 150 200
Temp. Rising Rate(°C/min) | 3 10
Max.Temperature(°C) 220 530

Heat weight loss could not .be detected in the Case 1. The
results of Case 2 are as follows.

(1)The weight loss of the test specimen in nitrogen gas
was much smaller than that in air between 300°C and
380°C which were shown in Fig 1. It indicates that
the test materials are decomposed and loose its

weight by oxygen in air and by heat within the tem—
perature range.

(2)Comparing the results between test material and
NS—-4—~ FR without fire retardant, the weight loss of
latter is less than that of former until 360°C as £
shown in Fig. 2. It indicates that the weight loss 9~
former is mainly due to the decomposition of aluminl
um hydroxide as fire retardant. This result means
that the decomposition of aluminium hydroxide is e.
important for the weight loss during low temperatufl
And it is necessary to select a suitable grade of re
aluminium hydroxide, as the decomposition temperat!

depends on the purity and grain size of aluminiu®
hydroxide.
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test results can not be used directly for long term degra-
dation data because the test specimen was pulverized to very
gmall size, and reaction and diffusion is very rapid, but
they can be good reference information.

open test

open tests were performed varying the shape of test specimen

and temperature to study heat weight loss in air. The results
are a8 follows.

(1)Effect of shape of test specimen o
To study the effect of the shape, cubic and cylin-
drical test specimens with nearly equal weight were
tested. It was observed that the heat weight loss of
latter which had larger surface area was always
larger than that of the former. It indicates that
effects of surface oxidation and surface diffusion
are important factors for the heat weight losre.

(2)Effect of temperature
The heat weight loss at 125°C, 150°C, 175°C and 200°C
are shown in Fig.3 as a function of time. The in-
crease of the heat weight loss is observed in 200°C

test after 1000 hr. It is supposed that generation of
continues crack inside of the test specimen makes it

easy to diffuse the decomposed resin component and
water. '

Enclosed test

Supposing that the neutron shielding material is filled in
the enclosures tests were comnducted to study the effects of
enclosed condition to the heat weight loss. The tests were

performed on test specimen in the sealed stainless steel
container with Ar atmosphere.

(1)Sealed stainless steel container
Seal container is shown in Fig. 4, of which 1lid is
welded to seal the cavity of the container perfectly.
Enough height of container cavity is provided to
avoid the effect of welding heat to the test speci-
men. Ar gas seal hole is seal-welded and cooled
immediately by water after replacing air with Ar gas.

(2)Test Condition

Continuous test and cyclic test of 110 hr heating and
58 hr cooling which simulated the actual operating
condition of cask were performed at 125°C, 150°C and
175°C. The test duration was from 8 to 16 weeks.

(3)Test Results

Test results are shown also in Fig.3. Main results
are as follows.
1B-6
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(a)Test Results at 125°C
The heat weight loss at 1512 hr continuous test and
that at 1760 hr cyclic test were negligible. The heat
weight loss at this temperature is regarded as insig-
nificant.

(b)Test Results at 150°C .
The heat weight losses at both 1224 hr continuous- -
tests, 990 hr cyclic test and 1760 hr cyclic test
were almost 1/3 of that of open test.

(c)Test Results at 175°C
The heat weight losses at both 1600 hr continues

test, 1210 hr cyclic test and 1760 hr cyclic test
were almost half of that of open test.

(d)Due to the few test specimens and short test period,
data scattering was observed in the test results
However, heat weight loss of enclosed test is clearly
less than that of open test except those at 125°C
when no heat weight loss was observed.

term cyclic test at 150°C

In order to avoid scatter in test results and to esti-

mate heat weight loss during long term use of cask, long

term cyclic tests at 150°C were conducted, where temper-—
ature supposed was the maximum working temperature of
neutron shielding material during transportation. The
results are shown in Fig. 5. Total test specimens were

18 and maximum test period was ‘56 weeks. One cycle is

composed of 110 hr heating and 58 hr cooling which is

Same as the enclosed test above. The heat weight 1loss

for 56 weeks was about 1.1%.

DISCUSSION

The relation between heat weight loss W(%) and test period
D(day) is given from Fig. 5, as follow. '

W=100.63-0.218xlog D

Using this equation the heat weight loss for 20 years Wy, (%)

can be estimated as follow

w20=100.63—0.218x10g(20x365)
=1.87(%) '
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fFrom the calculation above it is enough to have the cask
design margins of 2.0% heat weight loss even if the
sc,ttering in the test results are taken into account.

water drops were observed on inside surface of sealed con-
tainer when the lid was cut off to open and to take out the
test specimen from the container after test. It is considered
that these drops prevented the temperature rise of test

specimen by evaporating during the test and reduced the heat
weight loss of the specimen.

From the results, it is concluded that NS—-4-FR is effective

as neutron shielding material of -cask, especially when it is
used in enclosed condition.
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